
mdpi.com/journal/nutrients

Special Issue Reprint

Dietary Patterns and 
Nutritional Value in Non-
communicable Diseases 

Edited by 

Andriana Kaliora, Chara Tzavara and Charalampia Amerikanou



Dietary Patterns and Nutritional Value
in Non-communicable Diseases





Dietary Patterns and Nutritional Value
in Non-communicable Diseases

Editors

Andriana Kaliora

Chara Tzavara

Charalampia Amerikanou

Basel • Beijing • Wuhan • Barcelona • Belgrade • Novi Sad • Cluj • Manchester



Editors

Andriana Kaliora

Harokopio University

Athens

Greece

Chara Tzavara

Harokopio University

Athens

Greece

Charalampia Amerikanou

Harokopio University

Athens

Greece

Editorial Office

MDPI

St. Alban-Anlage 66

4052 Basel, Switzerland

This is a reprint of articles from the Special Issue published online in the open access journal

Nutrients (ISSN 2072-6643) (available at: https://www.mdpi.com/journal/nutrients/special issues/

diet pattern and nutri value in non communicable).

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

Lastname, A.A.; Lastname, B.B. Article Title. Journal Name Year, Volume Number, Page Range.

ISBN 978-3-7258-0057-5 (Hbk)

ISBN 978-3-7258-0058-2 (PDF)

doi.org/10.3390/books978-3-7258-0058-2

© 2024 by the authors. Articles in this book are Open Access and distributed under the Creative

Commons Attribution (CC BY) license. The book as a whole is distributed by MDPI under the terms

and conditions of the Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

license.



Contents

Charalampia Amerikanou, Chara Tzavara and Andriana C. Kaliora

Dietary Patterns and Nutritional Value in Non-Communicable Diseases
Reprinted from: Nutrients 2024, 16, 82, doi:10.3390/nu16010082 . . . . . . . . . . . . . . . . . . . 1

Charalampia Amerikanou, Stamatia-Angeliki Kleftaki, Evdokia Valsamidou, Chara Tzavara,

Aristea Gioxari and Andriana C. Kaliora

Dietary Patterns, Cardiometabolic and Lifestyle Variables in Greeks with Obesity and Metabolic
Disorders
Reprinted from: Nutrients 2022, 14, 5064, doi:10.3390/nu14235064 . . . . . . . . . . . . . . . . . . 5

Lanxin Wei, Jing Fan, Ruihua Dong, Mei Zhang, Yonggen Jiang, Qi Zhao, et al.

The Effect of Dietary Pattern on Metabolic Syndrome in a Suburban Population in Shanghai,
China
Reprinted from: Nutrients 2023, 15, 2185, doi:10.3390/nu15092185 . . . . . . . . . . . . . . . . . . 18

Maria Dimitriou, Ioanna Panagiota Kalafati, Loukianos S. Rallidis, Genovefa Kolovou and

George V. Dedoussis

A Posteriori Dietary Patterns and Coronary Artery Disease in a Greek Case–Control Study
Reprinted from: Nutrients 2023, 15, 4733, doi:10.3390/nu15224733 . . . . . . . . . . . . . . . . . . 32
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Editorial

Dietary Patterns and Nutritional Value in Non-Communicable
Diseases

Charalampia Amerikanou, Chara Tzavara and Andriana C. Kaliora *

Department of Nutrition and Dietetics, School of Health Science and Education, Harokopio University of Athens,
70 El. Venizelou Ave., 17676 Athens, Greece; amerikanou@windowslive.com (C.A.); htzavara@med.uoa.gr (C.T.)
* Correspondence: akaliora@hua.gr; Tel.: +30-210-954-9226

Non-communicable diseases (NCDs) constitute the leading cause of mortality world-
wide, with the four major contributors being cardiovascular diseases (CVDs), cancers,
respiratory diseases, and diabetes [1]. Many of the risk factors that contribute to NCDs are
modifiable, such as diet, physical activity, smoking, and alcohol use, with diet possessing an
essential role in both prevention and management. In recent years, researchers have focused
more on the study of dietary patterns instead of single nutrients and foods, suggesting that
combined effects can be presented due to synergy or antagonism [2]. Various dietary pat-
terns have been proposed as protective or detrimental for NCDs, with the Mediterranean
diet standing out for its association with a lower incidence of NCDs and reduced mortality
risk. However, there is still a lot to be explored in the link between dietary patterns and
different disease-related factors, making this scientific field very promising.

CVDs are the most common NCDs and the leading cause of death worldwide. The
role of diet in CVDs and its risk factors, such as hypertension, diabetes, and dyslipidemia,
is pivotal; therefore, the investigation of dietary patterns in CVD and related comorbidities
is of high importance. Recently, Dimitriou and colleagues [3] explored the association
of dietary patterns, extracted from 1017 Greek individuals, with CVD risk. The Western-
type pattern, which included red and processed meat, fried potatoes, and fast foods, was
associated with increased CAD risk (OR = 1.20; 95% CI = 1.09–1.32, p < 0.001) [3]. In another
Greek study, which included 146 Greek metabolically unhealthy obese adults, extracted
dietary patterns were associated with several cardiometabolic and lifestyle parameters [4].
More specifically, the Western-type pattern was positively associated with anthropometric
indices (fat and waist circumference) and insulin, and the Mediterranean diet-like pattern
was positively associated with high-density lipoprotein (HDL) and mental health score,
whereas it was negatively associated with depression score [4]. Regarding metabolic
syndrome and its association with dietary patterns, a Chinese study with 5426 participants
showed that two healthy dietary patterns (“dairy and fruits” and “coarse cereals and soy
products”) had protective effects on MetS (OR 0.81 (95% CI: 0.66, 0.98) and 0.74 (95%CI:
0.61, 0.91), respectively) [5].

Apart from dietary patterns, dietary fiber intake and dietary antioxidant capacity in
cardiometabolic diseases have recently been investigated. Zhang and his colleagues [6] ana-
lyzed data from a longitudinal study (the China Nutrition and Health Database), including
24 h recalls from 2004 to 2015, examining 8307 individuals, and they computed dietary fiber
intake. Contrary to other similar studies, whole-grain fiber intake was positively associated
with hypertension (hazard ratio (95% confidence interval) (quartile 3 vs. quartile 1) was
1.21 (1.04, 1.40)), but not with other cardiometabolic diseases [6]. A Polish study (n = 5690)
evaluated the association between dietary total antioxidant capacity (DTAC), healthy diet
quality, and the risk of CVDs [7]. The dietary assessment was based on 24 h dietary recalls,
and DTAC was extracted from published databases that use the ferric ion reducing antioxi-
dant potential (FRAP) method to measure the antioxidant potential of foods. DTAC was
associated with a reduced CVD odds ratio (OR = 0.593, p <0.0001) and a higher Healthy
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Diet Indicator (HDI). HDI is an index based on the World Health Organization’s recom-
mendations, and it includes the consumption of saturated and polyunsaturated fatty acids,
cholesterol, protein, fiber, free sugars, fruits, and vegetables. Also, DTAC was higher in
individuals with a higher dietary intake of total polyphenols, antioxidant vitamins, and
minerals (p < 0.0001) [7].

Another metabolic dysfunction with a high worldwide prevalence is nonalcoholic fatty
liver disease (NAFLD). A prospective analysis of 128,695 UK Biobank participants recently
revealed a relationship between dietary patterns and the long-term outcomes of NAFLD [8].
Patterns that were prudent and high in whole grains were associated with a lower risk
of end-stage liver disease (0.74 and 0.87, respectively) and all-cause mortality (0.86 and
0.94, respectively), whereas a meat-rich dietary pattern had a U-shaped association with
all-cause mortality [8]. In a cross-sectional study of 320 Lebanese NAFLD patients, high
adherence to a traditional diet was associated with a lower risk of fibrosis [0.18 (0.04–0.85),
p = 0.031]. The traditional pattern included vegetables, legumes, vegetable oils, nuts, fish,
red wine, and cooked rice [9].

Although many studies have addressed the association between diet and cancer
risk in recent years, there is a lack of studies on the influence of dietary patterns on
cancer therapy response, as well as the combined effect of dietary and genetic factors
on cancer risk. Tiberio and his colleagues [10] analyzed the eating patterns of 82 breast
cancer patients undergoing chemotherapy and how these can affect positron emission
tomography/computed tomography (PET/CT) outcomes related to therapy response. The
colon uptake value was correlated positively with drinks (alcohol and spirits; r = 0.33,
p < 0.01) and foods (red and cured meats; r = 0.25, p = 0.04) related to inflammation,
and rectum uptake was correlated negatively with anti-inflammatory foods (fruits and
vegetables; r = −0.23, p = 0.04) [10]. Liu and his colleagues [11] created a polygenic risk
score using UK Biobank genetic and dietary data (n = 415,589). A healthy dietary score
based on the consumption of fruits, vegetables, grains, fish, and meat reduced the risk
of upper gastrointestinal cancer (UGI) [hazard ratio: 0.76 (0.62–0.93), p = 0.009]. When a
healthy pattern was combined with a low genetic risk, it was associated with a lower risk
of UGI cancer compared to a high genetic risk and an unhealthy dietary pattern [11].

The exploitation of dietary patterns in low- and middle-income countries has uncov-
ered a transition of traditional diets towards westernized diets, as well as the contribution
of this dietary shift to obesity, malnutrition, and other NCDs. A data analysis of 8957 adults
from the 8th Philippine National Nutrition Survey (PNNS) estimated a 30% prevalence of
the double burden of malnutrition (DBM), indicating the coexistence of undernutrition and
overnutrition in the same population [12]. Seven dietary patterns were extracted in this
study, with a rice pattern and a meat and sugar pattern in males and a protein-rich food,
cereal, and sugar pattern in females being associated with lower odds of DBM. Vegetable
and corn patterns showed an increased risk of DBM in women [12]. In a study aiming
to explore the dietary patterns of children in South Africa, aged 1–10 years, and their
relationship with socio-demographic factors, a greater adherence to unhealthy patterns in a
higher socio-economic status and in the presence of an obese mother was observed [13]. The
improvement of children’s eating habits is pivotal not only in low- and middle-income coun-
tries but also in children from households with low incomes in developed countries [13].
In the USA, improving children’s dietary intake with healthier foods and beverages has
been implemented through the USDA Child and Adult Care Food Program (CACFP) [14].
A longitudinal study of childcare centers participating in CACFP evaluated their meal
patterns and concluded that, although CACFP centers followed better nutrition standards
than non-CACFP centers, their menu quality had not improved since 2017, when an in-
crease in whole grains, fruits, and vegetables had been proposed [14]. The above indicates
that there is a lack of effective strategies towards the improvement of children’s diet quality
and eating habits in both developing and developed countries.

The importance of diet is also evident in other common NCDs. Functional dyspepsia
affects 10–30% of adults, with food being one of its main triggering factors. A review tried
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to shed light on whether specific food categories, dietary patterns, or eating habits influence
the symptomatology of functional dyspepsia [15]. The authors concluded that, although
several foods and patterns have been proposed as dyspepsia triggers, evidence on the asso-
ciation between diet and symptomatology is scarce and inconsistent, highlighting the need
for more research in this field [15]. Fibromyalgia is a chronic syndrome with a prevalence
of 2–3% in the general population. A systematic review that addressed the relationship
between diet and pain in fibromyalgia included 12 studies (11 interventions and 1 observa-
tional) and 546 participants [16]. Interestingly, all plant-based and anti-inflammatory diets
improved pain measurements, whereas not all gluten-free or elimination/restrictive diets
showed statistical significance in pain improvement [16]. The significance of plant-based
diets also emerged in a study of cognitive impairment in Chinese adults [17]. In this longi-
tudinal prospective study, 1077 out of 4792 participants developed cognitive impairment,
which showed a reverse J-shaped association with BMI, meaning that overweight and obese
participants had a decreased risk, whereas underweight participants had an increased risk
of cognitive impairment. Interestingly, overweight participants with a higher plant-based
diet index had a lower hazard ratio for cognitive impairment than those with a lower index
(HR = 0.74; 95% CI 0.57–0.95 vs. HR = 0.87; 95% CI 0.67–1.12). The above suggests that high
adherence to plant-based diets enhances the protective effect of overweight on cognitive
impairment [17].

Conclusively there is a growing interest in the relationship between diet and dietary
patterns with NCD-related parameters. Our Special Issue offers some new data in this field.
More research is needed to elucidate the exact mechanisms under which dietary patterns,
as well as individual foods and nutrients, exert their effects on NCDs and related clinical,
genetic, environmental, and behavioral factors.

Funding: This research received no external funding.

Acknowledgments: We would like to thank the authors who contributed to this Special Issue, as
well as the reviewers for their valuable revisions.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Budreviciute, A.; Damiati, S.; Sabir, D.K.; Onder, K.; Schuller-Goetzburg, P.; Plakys, G.; Katileviciute, A.; Khoja, S.; Kodzius, R.
Management and Prevention Strategies for Non-communicable Diseases (NCDs) and Their Risk Factors. Front. Public Health
2020, 8, 574111. [CrossRef] [PubMed]

2. Dominguez, L.J.; Di Bella, G.; Veronese, N.; Barbagallo, M. Impact of Mediterranean Diet on Chronic Non-Communicable
Diseases and Longevity. Nutrients 2021, 13, 2028. [CrossRef] [PubMed]

3. Dimitriou, M.; Kalafati, I.P.; Rallidis, L.S.; Kolovou, G.; Dedoussis, G.V. A Posteriori Dietary Patterns and Coronary Artery Disease
in a Greek Case–Control Study. Nutrients 2023, 15, 4733. [CrossRef] [PubMed]

4. Amerikanou, C.; Kleftaki, S.-A.; Valsamidou, E.; Tzavara, C.; Gioxari, A.; Kaliora, A.C. Dietary Patterns, Cardiometabolic and
Lifestyle Variables in Greeks with Obesity and Metabolic Disorders. Nutrients 2022, 14, 5064. [CrossRef] [PubMed]

5. Wei, L.; Fan, J.; Dong, R.; Zhang, M.; Jiang, Y.; Zhao, Q.; Zhao, G.; Chen, B.; Li, J.; Liu, S. The Effect of Dietary Pattern on Metabolic
Syndrome in a Suburban Population in Shanghai, China. Nutrients 2023, 15, 2185. [CrossRef] [PubMed]

6. Zhang, Z.; Chen, B.; Zeng, J.; Fan, M.; Xu, W.; Li, X.; Xing, Y.; Xu, S. Associations between Consumption of Dietary Fibers and
the Risk of Type 2 Diabetes, Hypertension, Obesity, Cardiovascular Diseases, and Mortality in Chinese Adults: Longitudinal
Analyses from the China Health and Nutrition Survey. Nutrients 2022, 14, 2650. [CrossRef] [PubMed]

7. Zujko, M.E.; Wa’skiewicz, A.; Witkowska, A.M.; Cicha-Mikołajczyk, A.; Zujko, K.; Drygas, W. Dietary Total Antioxidant Capacity—
A New Indicator of Healthy Diet Quality in Cardiovascular Diseases: A Polish Cross-Sectional Study. Nutrients 2022, 14, 3219.
[CrossRef]

8. Liu, Z.; Huang, H.; Xie, J.; Xu, C. Dietary Patterns and Long-Term Outcomes in Patients with NAFLD: A Prospective Analysis of
128,695 UK Biobank Participants. Nutrients 2023, 15, 271. [CrossRef] [PubMed]

9. Sayegh, N.F.; Heraoui, G.N.H.A.; Younes, H.; Sayegh, L.N.; Boulos, C.; Sayegh, R. Relation of Dietary Patterns and Nutritional
Profile to Hepatic Fibrosis in a Sample of Lebanese Non-Alcoholic Fatty Liver Disease Patients. Nutrients 2022, 14, 2554. [CrossRef]
[PubMed]

10. Tiberio, P.; Antunovic, L.; Gaudio, M.; Viganò, A.; Pastore, M.; Miggiano, C.; Jacobs, F.; Benvenuti, C.; Farina, E.; Chiti, A.; et al.
The Relationship among Bowel [18]F-FDG PET Uptake, Pathological Complete Response, and Eating Habits in Breast Cancer
Patients Undergoing Neoadjuvant Chemotherapy. Nutrients 2023, 15, 211. [CrossRef] [PubMed]

3



Nutrients 2024, 16, 82

11. Liu, W.; Wang, T.; Zhu, M.; Jin, G. Healthy Diet, Polygenic Risk Score, and Upper Gastrointestinal Cancer Risk: A Prospective
Study from UK Biobank. Nutrients 2023, 15, 1344. [CrossRef] [PubMed]

12. de Juras, A.R.; Hsu, W.-C.; Cheng, Y.-Y.; Ku, L.-J.E.; Yu, T.; Peng, C.-J.; Hu, S.C. Sex Differences in Dietary Patterns of Adults and
Their Associations with the Double Burden of Malnutrition: A Population-Based National Survey in the Philippines. Nutrients
2022, 14, 3495. [CrossRef] [PubMed]

13. Senekal, M.; Nel, J.H.; Eksteen, G.; Steyn, N.P. Dietary Patterns, Socio-Demographic Predictors Thereof, and Associations of
Dietary Patterns with Stunting and Overweight/Obesity in 1–<10-Year-Old Children in Two Economically Active Provinces in
South Africa. Nutrients 2023, 15, 4136. [CrossRef] [PubMed]

14. Andreyeva, T.; Mozaffarian, R.S.; Kenney, E.L. Updated Meal Patterns in the Child and Adult Care Food Program and Changes in
Quality of Food and Beverages Served: A Natural Experimental Study. Nutrients 2022, 14, 3786. [CrossRef] [PubMed]

15. Amerikanou, C.; Kleftaki, S.-A.; Valsamidou, E.; Chroni, E.; Biagki, T.; Sigala, D.; Koutoulogenis, K.; Anapliotis, P.; Gioxari, A.;
Kaliora, A.C. Food, Dietary Patterns, or Is Eating Behavior to Blame? Analyzing the Nutritional Aspects of Functional Dyspepsia.
Nutrients 2023, 15, 1544. [CrossRef] [PubMed]

16. Maddox, E.K.; Massoni, S.C.; Hoffart, C.M.; Takata, Y. Dietary Effects on Pain Symptoms in Patients with Fibromyalgia Syndrome:
Systematic Review and Future Directions. Nutrients 2023, 15, 716. [CrossRef] [PubMed]

17. Liang, F.; Fu, J.; Turner-McGrievy, G.; Wang, Y.; Qiu, N.; Ding, K.; Zeng, J.; Moore, J.B.; Li, R. Association of Body Mass Index and
Plant-Based Diet with Cognitive Impairment among Older Chinese Adults: A Prospective, Nationwide Cohort Study. Nutrients
2022, 14, 3132. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

4



Citation: Amerikanou, C.; Kleftaki,

S.-A.; Valsamidou, E.; Tzavara, C.;

Gioxari, A.; Kaliora, A.C. Dietary

Patterns, Cardiometabolic and

Lifestyle Variables in Greeks with

Obesity and Metabolic Disorders.

Nutrients 2022, 14, 5064. https://

doi.org/10.3390/nu14235064

Academic Editor: Jose Lara

Received: 2 November 2022

Accepted: 25 November 2022

Published: 28 November 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

nutrients

Article

Dietary Patterns, Cardiometabolic and Lifestyle Variables in
Greeks with Obesity and Metabolic Disorders
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Abstract: There is considerable evidence that some dietary patterns contribute to obesity and
metabolic disorders but there is less data on diet’s association with different health parameters.
We investigated the interaction between different dietary patterns and anthropometric, biochemical,
lifestyle, and psychological health parameters in a Greek population with obesity and metabolic
disorders. To the best of our knowledge, this is the first study in Greece with a thorough and holistic
approach in analyzing such relationships. For assessing food patterns, revealing underlying struc-
tures, and reducing the number of variables we applied exploratory factor analysis (EFA). Principal
Component Analysis was chosen as the extraction method using Varimax rotation, and three re-
gression sets were computed. The study involved 146 Greek metabolically unhealthy obese adults,
both men and women. Our cohort was categorized into four dietary patterns: “Western type diet”,
“Mediterranean-like diet”, “Healthy diet”, and “Animal meat and sauces diet”. Dietary patterns
characterized by a high consumption of energy-dense and animal-derived foods were positively asso-
ciated with anthropometric and biochemical parameters related to metabolic disorders. Plant-based,
healthier dietary patterns, on the other hand, were associated with better biochemical and mental
health profiles among metabolically unhealthy obese individuals.

Keywords: dietary patterns; metabolic disorders; obesity; dyslipidemia; insulin resistance; anthropo-
metrics; mental health; plant-based diet; Mediterranean diet; Western diet

1. Introduction

Nowadays, chronic metabolic disorders are a growing public health concern, especially
obesity and diabetes [1]. The prevalence of overweight adults exceeded 1.9 billion in 2016,
with a great proportion (650 million) being obese [2]. Similarly, the International Diabetes
Foundation (IDF) reported that prevalence of diabetes in 2019 was 463 million, and this is
expected to increase further and reach 700 million by 2045 [3]. Apart from type 2 diabetes
mellitus (T2DM), obesity has been associated with many other metabolic disorders, such as
cardiovascular diseases (CVDs), non-alcoholic fatty liver disease (NAFLD), several types of
cancers and, recently, it was linked with COVID-19 mortality [4]. Although body weight is
influenced by both genetic and environmental factors, the increased prevalence of adiposity
globally suggests that urbanization, followed by food marketing and access to refined and
energy-dense food items, along with reduced physical activity, are the main drivers of
obesity [5].

Since obesity has been associated mainly with diet quality and unhealthy dietary
choices, rather than single foods or nutrients, dietary patterns analysis is one of the best
approaches to examine the influence of overall diet, by including the interactive effect of
individual items, macro- and micro- nutrients, and bioactive compounds. Furthermore,
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it offers the opportunity to associate diet with several parameters related to metabolic
disorders, such as anthropometric and cardiometabolic markers [6,7]. Moreover, dietary
patterns responsible for obesity could be used as a tool for its prevention [8]. The effects of
several dietary patterns on obesity and related metabolic disorders have been investigated
throughout the years. Most studies evidence that diets with high consumption of plant
foods, such as the Mediterranean diet, are valuable in the prevention of obesity, whereas
dietary patterns with a high intake of red meat and refined grains, such as the Western
pattern, increase the risk of obesity and related comorbidities [9].

It is well established that several dietary patterns contribute to obesity and metabolic
disorders. Nevertheless, a wide range of anthropometric, biochemical, and lifestyle pa-
rameters have seldom been linked to diets among Greeks. Therefore, in this study, we
aimed to explore the interaction between different dietary patterns in a Greek population
with obesity and metabolic disorders with several related cardiometabolic and lifestyle
parameters. More specifically, apart from anthropometric and biochemical indices, we
addressed the associations with lifestyle, physical activity, and physical and psychological
health parameters as well.

2. Materials and Methods

2.1. Study Design

This observational study used the baseline data from a three-month intervention
that investigated the effect of a mushroom-based snack on markers related to obesity
and metabolic disorders [10]. The inclusion criteria were adult age, central obesity, and
metabolic disorders, including dyslipidaemia, glucose intolerance, insulin resistance and
hypertension. Non-eligible subjects were pregnant and lactating females, patients with
thyroid disease, or with abuse of alcohol, or with known psychiatric or mental disorders.
The Ethics Committee of Harokopio University approved the protocol of the study (ID
protocol: 62/03-07-2018), which was in line with the Helsinki Declaration and the Data
Protection Act 1998. Additionally, the trial acquired registration with clinicaltrials.gov
(ID Number: NCT04081818). Patient recruitment took place in Harokopio University of
Athens (Greece) between 2020 and 2021. All subjects were informed in detail about the
study before giving their signed consent.

2.2. Anthropometric Measurements

Body weight (BW), height, body composition i.e., body fat (BF), fat free mass (FFM),
and total body water (TBW), as well as waist and hip circumferences (WC, HC), and
waist-to-hip ratio (WHR), were measured. Body weight was recorded to the nearest kg
using a flat scale, early in the morning with light clothing and without shoes. Accordingly,
height was measured to the nearest cm using a stadiometer (Seca Mode 220, Hamburg,
Germany). Body mass index (BMI) was calculated as BW (kg)/Height2 (m2). To estimate
body composition (BF, FFM, TBW) bioelectrical impedance analysis (Tanita BC-418, Tokyo,
Japan) was performed. Body circumferences (WC, HC, WHR) were measured with a
non-stretch, but flexible tape, on minimal clothing.

2.3. Biochemical Parameters

Blood samples, of 20 mL, were collected after an overnight fast and were centrifuged
at 3000 rpm for 10 min at 20 ◦C for serum isolation. Serum biochemical markers were
measured with an automatic biochemical analyser (Cobas 8000 analyser, Roche Diagnos-
tics GmbH, Mannheim, Germany): glucose; insulin; total cholesterol (TC); high-density
lipoprotein (HDL); low-density lipoprotein (LDL); triglycerides (TG); urea; uric acid; cre-
atinine; alanine aminotransferase (ALT); aspartate aminotransferase (AST); γ-glutamyl
transferase (γ-GT); alkaline phospatase (ALP); uric acid; lactate dehydrogenase (LDH); iron
(Fe); ferritin; albumin; and C-reactive protein (CRP).

Vitamin D was measured with an automated immunoassay system, Cobas e801 (Roche
Diagnostics, Mannheim, Germany).
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2.4. Physical Activity and Quality of Life Assessment

We assessed physical activity, smoking status, risk for depression, self-esteem, insom-
nia level and related factors of quality of life. To assess physical activity, the International
Physical Activity Questionnaire Short Form (IPAQ-SF) was applied. Physical activity levels
were expressed as the metabolic equivalent task in minutes per week (MET-min/week),
based on the IPAQ scoring system [11]. Regarding smoking status, participants were asked
about their smoking habits and were classified as smokers and non-smokers. To evaluate
the risk for depression, the 10-item questionnaire Center for Epidemiologic Studies De-
pression Scale Revised (CESD-R-10) was used. Scoring ranged between 0 and 60, while
scores ≥16 were considered as depression [12]. Self-esteem was assessed by applying the
10-item Rosenberg Self-Esteem scale that includes both positive and negative feelings about
oneself [13]. Sleep quality was evaluated by the Athens Insomnia Scale (AII), consisting of
10 items on nocturnal sleep problems and daytime dysfunction [14]. Finally, the impact
of health on an individual’s everyday life was assessed through the self-reported Short
Form-12 (SF-12) questionnaire with two summary scores reporting on a mental (MCS-12)
and a physical component (PCS-12).

2.5. Dietary Assesment

Dietary patterns were produced using data from a standardized semi-quantitative
(69 items) food frequency questionnaire (69-FFQ) [15]. This questionnaire evaluated the
long-term habitual intake of 69 food items and beverages, such as dairy, cereals, meat,
fish, legumes etc. For each food item the participants were asked to choose one of the
following consumption options: “never/rarely”, “1–3 times/month, 1–2 times/week, 3–
6 times/week, 1 times/day,” to “≥2 times/day”. Finally, the 69 food items were divided
into 25 food groups with similar nutrient profiles, as presented in Supplementary Table S1.

2.6. Statistical Analysis

Statistical analyses were conducted using SPSS statistical software (version 24.0).
We carried out Exploratory Factor Analysis (EFA) to evaluate food patterns, disclose
underlying structures and reduce the number of variables. Varimax rotation was applied
as the extraction method for Principal Component Analysis (PCA). For sample adequacy
the Kaiser–Meyer-/–Olkin (KMO) procedure was used. Values of 0.40 and 1.00 were
set as cut-off points for factor loadings and Eigen values, respectively. Calculation of
Cronbach’s alpha coefficient was used to determine internal consistency reliability. Scales
with reliabilities equal to, or greater than, 0.70 were considered acceptable. Spearman’s
rho correlation coefficients were used to explore the association of dietary patterns with
biochemical and the other study measurements. For associations that were found to be
significant, adjustments were made via linear regression analyses. Three sets of regression
were computed, one with adjustment for age, gender and BMI, one with adjustment for age,
gender, BMI, physical activity and smoking and the last with adjustment for age, gender,
BMI, physical, smoking, current medication and the other patterns. Adjusted regression
coefficients (β) with standard errors (SE) were computed from the results of the linear
regression analyses. Regression analyses were conducted after having logarithmically
transformed the dependent variables. Statistical significance was set at p-value < 0.05, and
all p-values were two-tailed.

3. Results

A total of 146 Greek metabolically unhealthy obese adults, men and women, were
enrolled in the dietary patterns study. The descriptive characteristics of the sample are
depicted in Table 1.
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Table 1. Descriptive characteristics of the study population.

Characteristics of the Study Participants

Sex, n (%)
Men 55 (37.7)

Women 91 (62.3)
Age (years), mean (SD) 53.5 (11.4)

Educational years, mean (SD) 15.3 (3.4)
Family status, n (%)

Married 109 (74.6)
Divorced 7 (4.8)

Single 20 (13.7)
Widowed 5 (3.4)

Other 5 (3.4)
Smoking, n (%)

No 109 (74.7)
Yes 33 (22.6)

N/A 4 (2.7)
Antihypertensive treatment, n (%)

No 91 (62.3)
Yes 55 (37.7)

Statins, n (%)
No 104 (71.2)
Yes 42 (28.8)

Antidiabetic agents, n (%)
No 111 (76.0)
Yes 35 (24.0)

Anthropometric parameters
BMI (kg/m2), mean (SD) 34 (6.3)

WC (cm), mean (SD) 110.4 (13.4)
HC (cm), mean (SD) 117.9 (14.9)

Lifestyle parameters
IPAQ-SF (total MET- min/week), mean (SD) 1723 (2142)

AII, mean (SD) 5.4 (3.7)
CESD-R, mean (SD) 16 (10)

Rosenberg Self-Esteem scale, mean (SD) 31 (5)
PCS-12, mean (SD) 45.7 (9.1)
MCS-12, mean (SD) 48.6 (9.5)

Data are expressed as counts (%) or mean values (standard deviation, SD). BMI, body mass index; WC, waist
circumference; HC, hip circumference; IPAQ-SF, International Physical Activity Questionnaire Short Form; AII,
Athens Insomnia Scale; CESD-R, Center for Epidemiologic Studies Depression Scale Revised; PCS-12, Physical
Component Score; MCS-12, Mental Composite Score.

For the PCA, the sampling adequacy of EFA was evaluated through a KMO of 0.72 and
a significant Bartletts’ sphericity (p < 0.001). The analysis of the 25 food groups revealed 4
principal components/factors, each characterizing a possible dietary pattern. All factors
combined explained 44.2% of the variance. Factor 1 had 10 food groups and explained
16.7% of the variance. Factor 2 had 7 food groups and explained 13.4% of the variance,
factor 3 had 3 food groups and explained 7.6% of the variance, while factor 4 also had
3 food groups and explained 6.5% of the variance. All food groups had a loading of at
least 0.40, except for eggs and alcohol that did not load to any of the four factors as their
highest loading was 0.29. All factors had acceptable reliability, since their alpha coefficient
of Cronbach was above 0.7.

The factor loadings between the 25 food groups and the 4 dietary patterns are pre-
sented in Table 2. The first pattern was dubbed as a “Western-type pattern”, which was
characterized by high fat dairy, refined grains, fast food and processed meat, pies, sweets,
salty snacks, soft drinks, animal and hydrogenated fats and seed oil. The second pat-
tern, the “Mediterranean-like diet pattern” included whole grains, fish, vegetables (raw
and cooked), fruit (raw, fruit juices and dried fruits), pulses and nuts. The third pattern,
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“Healthy pattern”, included low-fat dairy, olive oils and oil, coffee and tea. Finally, the last
pattern, the “Animal meat and sauces pattern”, encompassed red meat, poultry and sauces.

Table 2. Food groups and respective factor loadings for the four dietary patterns of the study.

Dietary Patterns

Food Groups
Western-

Type
Pattern

Mediterranean-
Like Diet

Pattern

Healthy
Pattern

Animal Meat
and Sauces

Pattern

Dairy (High-fat) 0.57
Dairy (Low-fat) 0.59
Refined grains 0.66
Whole grains 0.60

Fast Food 0.74
Red Meat 0.50

Processed Meat 0.57
Fish 0.59

Vegetables|cooked mixed
vegetables 0.75

Fruits|fruit juices 0.53
Pies 0.66

Sweets 0.56
Salty Snacks 0.63

Olive oil | olives 0.63
Soft drinks 0.52

Sauces 0.43
Animal &

HydrogenatedFats 0.54

Poultry 0.70
Pulses 0.50

Dried fruits 0.62
Nuts 0.66

Coffee and Tea 0.55
Seed oil 0.53
Alcohol −0.29

Eggs 0.29
Cronbach’s a 0.79 0.82 0.71 0.73

The results of the correlation analysis of the dietary patterns with the parameters examined
in our study are presented in Table 3. More specifically, Table 3 depicts correlations of dietary
patterns with anthropometric measurements, with biochemical indices and with lifestyle param-
eters. Body weight, fat and waist circumference were positively correlated with “Western-type
pattern” (p = 0.030, p = 0.004 and p = 0.028, respectively) and “Animal meat and sauces pattern”
(p = 0.001, p = 0.036 and p = 0.041, respectively). FFM, TBW and BMI were positively correlated
with “Animal meat and sauces pattern” (p = 0.004, p = 0.012 and p = 0.044, respectively). Regard-
ing biochemical parameters, insulin was positively correlated with “Western-type pattern” (p =
0.014) and negatively with “Mediterranean-like diet pattern” (p = 0.037). HDL was positively
correlated with “Mediterranean-like diet pattern” (p = 0.011). ALT and AST were positively
correlated with “Western-type pattern” (p = 0.041 and p = 0.029, respectively). Fe was negatively
correlated with “Western-type pattern” (p = 0.043) and “Animal meat and sauces pattern” (p
= 0.024). Vitamin D was negatively correlated with “Western-type pattern” (p = 0.013) and
CRP positively correlated with “Animal meat and sauces pattern” (p = 0.010). Finally, lifestyle
parameters showed some significant correlations with the four patterns. More specifically, AII
was positively correlated with “Western-type pattern” (p = 0.042). Rosenberg Self-Esteem scale,
PCS-12, MCS-12 were positively correlated (p = 0.014, p = 0.006 and p = 0.038, respectively),
whereas CESD-R negatively correlated, with “Mediterranean-like diet pattern” (p = 0.033). IPAQ
positively correlated with “Mediterranean-like diet pattern” (p = 0.023) and negatively with
“Animal meat and sauces pattern” (p = 0.012).
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Table 3. Correlation between dietary patterns and anthropometrics, biochemical and lifestyle parameters.

Parameters
Western-Type

Pattern
Mediterranean-Like

Diet Pattern
Healthy
Pattern

Animal Meat and
Sauces Pattern

Anthropometrics

BW (kg) rho 0.19 −0.01 0.02 0.29
p 0.030 0.947 0.801 0.001

BF (%)
rho 0.13 0.06 0.06 0.02

p 0.136 0.470 0.504 0.844

BF (kg) rho 0.26 0.07 0.06 0.19
p 0.004 0.457 0.499 0.036

FFM (kg) rho 0.05 −0.11 −0.05 0.26
p 0.565 0.246 0.616 0.004

TBW (kg) rho 0.11 −0.05 −0.08 0.23
p 0.226 0.579 0.355 0.012

BMI (kg/m2)
rho 0.13 0.04 0.08 0.18

p 0.130 0.687 0.390 0.044

WC (cm)
rho 0.20 −0.08 0.03 0.18

p 0.028 0.381 0.747 0.041

HC(cm)
rho 0.14 0.09 0.06 0.10

p 0.102 0.312 0.470 0.236

Biochemical

Urea (mg/dL) Rho −0.04 −0.11 −0.09 0.10
p 0.648 0.214 0.284 0.265

Uricacid (mg/dL) Rho −0.09 0.09 0.03 0.04
p 0.295 0.289 0.726 0.693

Creatinine (mg/dL) Rho −0.02 −0.12 −0.02 0.13
p 0.863 0.190 0.805 0.159

Glucose (mg/dL) Rho −0.03 −0.13 0.09 −0.08
p 0.752 0.151 0.337 0.349

Insulin (μIU/mL)
Rho 0.23 −0.20 0.00 0.11

p 0.014 0.037 0.964 0.236

TC (mg/dL) Rho 0.11 −0.14 −0.08 −0.03
p 0.220 0.119 0.373 0.768

TG (mg/dL) Rho 0.12 −0.12 −0.02 −0.05
p 0.190 0.168 0.817 0.603

HDL (mg/dL) Rho −0.10 0.22 0.02 −0.09
p 0.281 0.011 0.789 0.331

LDL (mg/dL) Rho 0.10 0.11 −0.10 −0.04
p 0.274 0.205 0.270 0.665

AST (iu/L)
Rho 0.00 0.04 0.05 −0.02

p 0.997 0.625 0.588 0.819

ALT (iu/L)
Rho 0.19 0.02 0.13 0.06

p 0.041 0.843 0.131 0.492

γ-GT (iu/L)
Rho 0.16 −0.09 0.03 0.11

p 0.090 0.338 0.764 0.227

ALP (U/L)
Rho 0.20 0.05 −0.01 −0.02

p 0.029 0.576 0.925 0.825

Fe (μg/dL) Rho −0.19 0.02 −0.05 −0.21
p 0.043 0.831 0.579 0.024

Ferritin (ng/mL) Rho 0.06 0.09 0.00 0.05
p 0.538 0.316 0.991 0.556

Albumin (g/dL) Rho 0.08 0.14 0.05 −0.08
p 0.390 0.131 0.568 0.404

Vitamin D (ng/mL) Rho −0.22 0.01 −0.07 −0.10
p 0.013 0.917 0.433 0.254

CRP (mg/L) Rho 0.08 0.09 0.04 0.24
p 0.409 0.326 0.655 0.010

LDH (U/L)
Rho 0.04 0.07 0.06 0.03

p 0.712 0.433 0.555 0.719
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Table 3. Cont.

Parameters
Western-Type

Pattern
Mediterranean-Like

Diet Pattern
Healthy
Pattern

Animal Meat and
Sauces Pattern

Lifestyle

AII
Rho 0.19 −0.14 −0.12 0.17

p 0.042 0.120 0.205 0.059

CESD-R
Rho 0.17 −0.21 0.00 0.09

p 0.088 0.033 0.991 0.340
Rosenberg Self-Esteem

scale
Rho −0.07 0.24 0.07 0.12

p 0.482 0.014 0.443 0.212

PCS-12
Rho −0.03 0.26 −0.07 0.03

p 0.785 0.006 0.444 0.759

MCS-12
Rho −0.15 0.20 0.04 −0.12

p 0.121 0.038 0.679 0.200
IPAQ-SF (total MET-

min/week)
Rho 0.03 0.20 0.05 −0.22

p 0.748 0.023 0.567 0.012

Values resulted from Spearman test. Level of significance was set as 0.05. Significant p are in bold. BW, body
weight; BF, body fat; FFM, free fat mass; TBW, total body water; BMI, body mass index; WC, waist circumference;
HC; hip circumference; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γ-GT, γ-glutamyl transferase; ALP,
alkaline phosphatase; Fe, iron; CRP, C-reactive protein; LDH, lactate dehydrogenase; AII, Athens Insomnia Scale;
CESD-R, Center for Epidemiologic Studies Depression Scale Revised; PCS-12, Physical Composite Score; MCS-12,
Mental Composite Score; IPAQ-SF, International Physical Activity Questionnaire Short Form.

Then, we applied linear regression models for the associations of dietary patterns with
study variables that were significant in the correlation analysis, and, thus, the Healthy
pattern was not included in this analysis (Table 4). The first model was unadjusted (β1),
the second was adjusted for age, gender and BMI (β2), the third for age, gender, BMI,
physical activity and smoking status (β3). Finally, a model adjusted for all the above
parameters, plus medication and the scoring for the other three patterns, was applied (β4).
The “Western-type pattern” showed statistically significant positive association with fat
(β4 = 4.76, p < 0.001), WC (β4 = 4.55, p = 0.009), insulin (β4 = 0.23, p = 0.012), ALT (β4

= 0.26, p = 0.012) and ALP (β4= 10.91, p = 0.037) and negative association with vitamin
D levels (β4 = −0.49, p = 0.037). The “Mediterranean-like diet pattern” was positively
associated with HDL (β = 4.02, p = 0.021), and MCS-12 (β4 = 0.87, p = 0.014) and negatively
with CESD-R (β4 =−5.52, p = 0.008). Finally, the “Animal meat and sauces” pattern was
positively associated with TBW (β4 = 0.18, p = 0.008), FAT (β4 = 6.17, p = 0.033), FFM (β4 =
0.03, p = 0.034).
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Table 4. Association between dietary patterns scores and study parameters.

Western-Type Pattern

Dependent Variables
β1

(SE)
p β2

(SE)
p β3

(SE)
p β4

(SE)
p

BF (kg) 9.01 (2.55) 0.001 5.87 (1.11) <0.001 5.66 (1.14) <0.001 4.38 (1.26) 0.001

WC(cm) 6.19 (2.99) 0.041 5.13 (1.56) 0.001 5.42 (1.60) 0.001 4.95 (1.77) 0.006

Insulin (μIU/mL) 0.21 (0.09) 0.016 0.23 (0.09) 0.009 0.23 (0.09) 0.009 0.24 (0.09) 0.008

ALT (iu/L) 0.20 (0.10) 0.035 0.24 (0.10) 0.014 0.24 (0.10) 0.017 0.25 (0.10) 0.019

ALP (U/L) 9.91 (4.35) 0.025 8.83 (4.68) 0.062 9.55 (4.75) 0.047 9.78 (4.97) 0.041

Fe (μg/dL) −0.36 (0.18) 0.040 −0.27 (0.2) 0.176 −0.28 (0.2) 0.174 −0.19 (0.22) 0.393

Vitamin D (ng/mL) −0.41 (0.2) 0.046 −0.44 (0.21) 0.043 −0.44 (0.21) 0.041 −0.55 (0.23) 0.021

AII 1.99 (0.85) 0.021 1.51 (0.87) 0.085 1.42 (0.91) 0.121 1.10 (0.98) 0.263

Mediterranean-like diet pattern

Insulin (μIU/mL) −0.17 (0.09) 0.050 −0.17 (0.09) 0.050 −0.16 (0.09) 0.070 −0.16 (0.10) 0.102

HDL (mg/dL) 4.34 (1.7) 0.012 3.86 (1.5) 0.011 3.44 (1.53) 0.026 4.03 (1.73) 0.022

CESD-R −4.13 (1.9) 0.032 −3.86 (1.88) 0.043 −4.09 (1.92) 0.036 −5.63 (2.07) 0.008

Rosenberg Self-Esteem scale 0.19 (0.08) 0.023 0.18 (0.08) 0.034 0.19 (0.08) 0.020 0.28 (0.35) 0.417

PCS-12 0.22 (0.08) 0.009 0.18 (0.08) 0.025 0.18 (0.08) 0.031 0.53 (0.34) 0.124

MCS-12 0.19 (0.08) 0.026 0.19 (0.08) 0.023 0.19 (0.08) 0.025 0.87 (0.35) 0.016

Animal meat and sauces pattern

BF (kg) 8.09 (2.48) 0.001 3.54 (1.21) 0.004 4.01 (1.22) 0.001 6.17 (2.88) 0.033

FFM (kg) 0.04 (0.02) 0.048 0.02 (0.01) 0.033 0.02 (0.01) 0.040 0.03 (0.02) 0.034

TBW (kg) 0.20 (0.09) 0.033 0.15 (0.06) 0.016 0.16 (0.06) 0.010 0.17 (0.07) 0.011

BMI (kg/m2) 2.63 (1.27) 0.041 2.24 (1.40) 0.113 2.47 (1.44) 0.089 2.23 (1.52) 0.1445

WC (cm) 5.74 (2.89) 0.049 3.78 (1.60) 0.020 4.33 (1.63) 0.009 2.89 (1.74) 0.100

Fe (μg/dL) −0.42 (0.2) 0.041 −0.41 (0.22) 0.067 −0.42 (0.23) 0.067 −0.40 (0.25) 0.114

CRP (mg/L) 2.26 (1.13) 0.048 2.21 (1.26) 0.082 2.23 (1.3) 0.089 2.09 (1.43) 0.146

1 unadjusted regression coefficient of each pattern (Standard Error), 2 regression coefficients of each pattern
adjusted for age, gender and BMI (Standard Error), 3 regression coefficients of each pattern adjusted for age,
gender, BMI, physical activity and smoking (Standard Error), 4 regression coefficients of each pattern adjusted for
age, gender, BMI, physical activity, smoking, current medication and the other three patterns (Standard Error). 5

In this analysis, BMI was not included as independent variable. Values resulted from linear regression models.
Level of significance was set as 0.05. Significant p are in bold. BF, body fat; FFM, free fat mass; TBW, total body
water; WC, waist circumference; ALT, alanine aminotransferase; ALP, alkaline phosphatase; Fe, iron; HDL, high
density cholesterol; CRP, C-reactive protein; AII, Athens Insomnia Scale; CESD-R, Center for Epidemiologic
Studies Depression Scale Revised; PCS-12, Physical Composite Score; MCS-12, Mental Composite Score.

4. Discussion

In this study, we investigated the associations between the four main dietary patterns
identified in a Greek population of metabolically unhealthy people with obesity and several
parameters related to metabolic disorders. To the best of our knowledge, this is the first
study in Greece with a holistic approach in analyzing the relationships between anthropo-
metric, biochemical, lifestyle, physical activity, and psychological health parameters with
dietary patterns in a metabolically unhealthy study population.

The dietary patterns identified in our cohort were the “Western-type pattern”, the
“Mediterranean-like diet pattern”, the “Healthy pattern” and the “Animal meat and sauces
pattern”. Similar patterns were previously reported on in cross-sectional studies that
investigated dietary patterns associated with the presence of metabolic disorders. For
example, the Western-type dietary pattern was found to have a direct association with
metabolic syndrome (MS) prevalence in many studies [16–18] and higher adherence to a
Western dietary pattern was associated with greater risk of developing MS in prospective
cohort studies [19,20]. In a meta-analysis conducted by Rodríguez-Monforte et al., [18]
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which included 28 cross-sectional studies, the pooled odds ratio (OR) for MS was 0.83
for prudent/healthy patterns and 1.28 for Western/unhealthy patterns. In Greece, in the
ATTICA study, the adoption of a traditional Mediterranean-like diet [21] and of a healthy
food pattern (rich in low-fat products) [22] was associated with lower odds of MS. Finally,
“energy-dense” dietary patterns, characterized by higher consumption of animal meat
and/or sauces were usually significantly associated with MS [22–24].

Regarding the associations with cardiometabolic and other factors related to metabolic
disorders, our analysis revealed some interesting findings. More specifically, the “Western-
type pattern” was positively associated with fat, WC, insulin, ALT and ALP, and negatively
associated with vitamin D. Western or western-like patterns have been previously asso-
ciated with body weight, body fat, waist circumference and BMI in healthy, obese and
patients with metabolic disorders [17,25–29]. In CARDIA, a prospective study with 5115
young adults, individuals following the prudent diet had lower risk of high WC and MS
than Western diet consumers [30]. BMI and % body fat were positively associated with an
“energy-dense meat” pattern, similar to western patterns in the EXPLORE study, which in-
vestigated dietary patterns and body composition profiles in premenopausal New Zealand
European women [31].

Western or “westernized” dietary patterns have also been associated with several
biomarkers of obesity and CVD risk. One of the first studies in this field was The Health
Professionals Follow-up study, a prospective cohort study of 51529 US male health pro-
fessionals, which revealed positive correlations of the Western pattern with insulin and
negative with plasma folate concentrations [32]. Additionally, the Western pattern was
positively associated with total cholesterol, insulin and fasting blood glucose in patients
with T2DM [33]. In the NHANES analysis, which included dietary patterns determined
in 13310 US adults, the Western pattern was associated positively with serum insulin,
and glycated hemoglobin and negatively with red blood cell folate concentrations [34].
In our study, a positive association with insulin levels confirmed the importance of diet
quality in insulin resistance; as such, it is well established that lower consumption of fruits
and vegetables and higher consumption of refined grains, processed meat and sweets are
associated with increased risk of T2DM [35]. We also observed a positive association with
liver function enzymes (AST and ALT). Individuals with high adherence to a Western
dietary pattern, were more likely to have elevated ALT and AST levels, not only in MS, but
in the general population as well [36,37]. Finally, the Western-type pattern was inversely
associated with vitamin D levels. Previous studies have shown that dietary patterns rich
in dairy, sea food, eggs, and vegetables were positively associated with serum 25(OH)D
levels, while patterns rich in sweets, alcohol, fats, and soft drinks were inversely associated
with serum 25(OH)D [38–40].

In our study, the “Mediterranean-like diet pattern” was positively associated with
HDL and MCS-12 and negatively with CESD-R. In the ATTICA study. A pattern rich in fish,
vegetables, legumes, cereals, and fruits, comparable to our “Mediterranean-like pattern”,
was inversely associated with HDL-cholesterol level [22]. Nevertheless, there is a plethora
of studies showing that greater adherence to the Mediterranean diet is associated with
improved blood lipid profile and a significant reduction of major cardiovascular events of
almost 30% [41,42].

MCS-12 and CESD-R are two very useful tools for validating mental health and
depression, respectively, and, when combined, they indicate an excellent convergent va-
lidity in identifying probably clinically significant depression [43]. Excess body weight
expressed as disarrayed metabolic status and depression are linked through inflammation
and stress in a bidirectional way [44,45]. This vicious cycle is sustained not only through
the obvious severe impact of both pathologies on one’s mental health but also through
intertwined biochemical pathways [44]. Herein, the “Mediterranean-like diet pattern” was
positively associated with MCS-12 and negatively with CESD-R, indicating better mental
health for those with a greater adherence to this dietary pattern. Similarly, in the MARK
study, a longitudinal study of 500 Spanish people with intermediate cardiovascular risk,
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greater adherence to the Mediterranean diet was associated with higher scores on the
MCS-12 [46]. In a large cohort of North Americans with osteoarthritis, a higher adherence
to the Mediterranean diet was associated with a higher PCS-12 and a lower CESD [47].
The same did not occur in the Seniors-ENRICA cohort. The PREDIMED score and Tri-
chopoulou’s Mediterranean Diet score (MSD) were used to measure Mediterranean diet
adherence. Only PREDIMED was associated with PCS, whereas neither PREDIMED nor
MSD was associated with PCS or MCS [48]. An improved nutritional status may not be
the only factor contributing to mental health when adherence to the Mediterranean diet is
high. Improved mental health may also be due to a Mediterranean lifestyle that not only
encourages healthy food choices but also enables friends and family to share lunchtimes,
which contributes to a higher quality of life [49].

Finally, the “Animal meat and sauces pattern” was positively associated with TBW
(kg), BF (kg) and FFM (kg). FFM consists of metabolically active tissues, bones, organs
and TBW. The association of this pattern with both parameters was apparently due to the
fact that high protein content of animal origin in the diet increases muscle mass and high
muscle mass parallels high TBW due to the high content of intracellular water. On the other
hand, the association of this pattern with BF could be explained by the high fat content in
the diet.

This study contained several strengths, one being the use of a validated food fre-
quency questionnaire, providing comprehensive information on eating habits, together
with interviewing of the participants by experienced nutritionists and adjustment for
strong potential confounders in the regression analyses. Furthermore, it was conducted in
a well-characterized Greek population exploring the relationship between different dietary
patterns of this Mediterranean country and health outcomes related to metabolic disorders
with a statistical approach that enabled the evaluation of the overall quality of the diet [50].
Limitations might include possible under- or over- reporting of FFQs, the relatively small
sample size, the fact that associations derived from an observational study did not neces-
sarily indicate causality, and confirmation of the results in prospective studies was needed,
and the disadvantages that sprout from the nature of the PCA and EFA analyses [50].

5. Conclusions

In conclusion, our results suggest that dietary patterns characterized by high con-
sumption of energy-dense and animal derived foods are positively associated with an-
thropometric and biochemical parameters related to metabolic disorders. On the contrary,
plant-based, healthier dietary patterns are associated with a better biochemical and mental
health profile of metabolically unhealthy obese individuals.
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Abstract: Metabolic syndrome (MetS) is recognized as one of the most severe non-communicable
chronic diseases. Diet plays an essential role in the development and exacerbation of MetS. Thus,
this study aimed to investigate the relationship between dietary patterns and MetS in a suburban
population in Shanghai, China. Data were collected on the Zhongshan community from the Shanghai
Suburban Adult Cohort and Biobank (SSACB) study between May and September 2017. A total of
5426 participants who completed the questionnaire investigation, physical measurements, and biolog-
ical sample collection were effectively enrolled in this study. Both posteriori and priori methods were
utilized to generate different dietary patterns, including the dietary approaches to stop hypertension
(DASH) and Mediterranean diet (MD). The prevalence of MetS in this study was 22.47%. Compared
to the reference, dietary patterns with a higher intake of “dairy and fruits” and “coarse cereals and
soy products” had protective effects on MetS (p < 0.05). However, no significant correlation with
MetS was observed for DASH and MD. Our study recommends higher consumption of fruits, coarse
cereals, and soy products, which was associated with a lower prevalence of MetS in the suburban
population of Shanghai. The correlation of DASH and MD with MetS in the Chinese population
requires further exploration.

Keywords: metabolic syndrome; posteriori dietary pattern; priori dietary pattern; cross-section study

1. Introduction

Metabolic syndrome (MetS) is a collection of intricate syndromes typified by metabolic
disorders, including being overweight, obesity, hypertension, hyperglycemia, and dyslipi-
demia, as defined by the diagnostic criteria of the Chinese Diabetes Society (CDS). The
prevalence of MetS has increased significantly in several countries. In Korea, the prevalence
of MetS increased from 24.9% in 1998 to 37% in 2012 [1]. In China, the prevalence of MetS
increased from 13.7% in 2000 to 24.2% in 2012 [2,3]. In the United States, approximately
one-third of adults have MetS [4], whereas in Russia, the prevalence was 23.1% and 11.0%
among women and men, respectively [5]. MetS has been regarded as one of the most
serious non-communicable chronic diseases and is a risk factor for type 2 diabetes and
cardiovascular disease (CVD) [6,7]. Several studies have found that the prevalence of
diabetes and CVD in the population with MetS was five-fold and doubled-fold higher
than that without MetS, respectively [8,9]. The rapid increase in MetS prevalence may be
attributed to changes in population behavior patterns in modern society [10,11]. Among
these patterns, diet plays an essential and independent role in the incidence and devel-
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opment of MetS [12,13]. Hence, it is important and meaningful to explore the association
between diet consumption and the prevalence of MetS.

Several studies have assessed the effects of single foods or food compositions on
MetS [14,15]. However, given the synergistic effects of different foods, dietary patterns
may be more appropriate to evaluate the association between food intake and MetS. Two
methods are commonly used for evaluating dietary patterns: the a priori and a posteriori
methods. A priori dietary patterns, also known as dietary indices, can intuitively provide
a comprehensive explanation of complex results. Various dietary indices have been de-
veloped to investigate the relationship between MetS and dietary patterns, including the
dietary approaches to stop hypertension (DASH) diet, the Mediterranean diet, and the
Healthy Eating Index [16–19]. Conversely, the a posteriori method analyses dietary data
using cluster analysis, factor analysis, or latent class analysis to identify and generalize
different dietary patterns. This method is more flexible than the a priori method, with
fixed food items and is closer to reality. Thus, both methods have individual advantages
in exploring the association between diet and disease. However, most studies have only
used one method to investigate the relationship between dietary patterns and MetS [20,21].
Therefore, it is necessary to adopt both methods to comprehensively assess the relationship
between dietary patterns and MetS.

In this study, we employ both a priori and a posteriori methods to examine the
association between dietary patterns and MetS in a suburban population in China.

2. Subjects and Methods

2.1. Study Population

The study subjects were recruited between May and September 2017 from the Zhong-
shan community from the Shanghai Suburban Adult Cohort and Biobank (SSACB) [22].
The overarching objective of this cohort is to identify the environmental, lifestyle, and
genetic risk factors for non-communicable chronic diseases in adults residing in the sub-
urbs of Shanghai. The cohort details have been described previously [22]. Briefly, a
stratified clustered sampling design was employed to obtain data from participants aged
between 20 to 74 years old, who were randomly selected through a multistage sampling
method. We selected study participants from the Zhongshan community from the SSACB.
Participants were excluded if: (1) they lacked a food frequency questionnaire (FFQ) or
consumption data on cooking oil and condiments; (2) their self-reported energy intake was
less than 800 kcal/d or more than 4000 kcal/d for males and less than 500 kcal/d or more
than 3500 kcal/d for females; (3) they had abnormal intake of a single food (exceeding
1000 g/d). Ultimately, a total of 5426 participants were deemed eligible for our study. The
flowchart of this study was showed in Figure 1. The Medical Research Ethics Commit-
tee of the School of Public Health, Fudan University, reviewed and approved the study
(No.: IRB#2016-04-0586), and all the research subjects provided informed consent before
participating in the investigation.

2.2. Questionnaire Survey

Trained investigators conducted face-to-face interviews to collect data, via question-
naire surveys, from all participants. The surveys captured general information (e.g.,
age, gender, education level, marital status, and retirement status), lifestyle behaviors
(e.g., cigarette smoking, alcohol and tea consumption, and physical activity), as well as food
consumption information via a 29 food group-based FFQ, which included rice and grain
products, among other food types. The reliability and validity of the FFQ was previously
established [23]. Briefly, the FFQ’s reliability was assessed for 152 participants selected
randomly from the Zhongshan community in the SSACB by comparing two FFQ surveys
taken 12 months apart. Concurrently, the FFQ’s validity was evaluated for 165 participants
by comparing the FFQ data with 3-day 24-hour dietary recalls. The results demonstrated a
strong correlation coefficient for both food groups (reliability: 0.36–0.54; validity: 0.20–0.41)
and nutrients (reliability: 0.39–0.60; validity: 0.12–0.42).
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Figure 1. The flowchart of this study.

2.3. Anthropometric Characters

Trained technologists measured the anthropometric characteristics, including body
weight, height, waist circumference, systolic blood pressure, and diastolic blood pressure,
following the national standard WS/T424-2013. Specifically, height was measured using
a column height meter with an accuracy of 0.1 cm, while weight was measured using an
electronic weight meter with an accuracy of 0.1 kg. Waist circumference was measured
using a flexible tape at the midpoint between the iliac crest and the last rib, with the
subject at minimal respiration, and had an accuracy of 0.1 cm. Systolic and diastolic blood
pressure were measured at the right arm of seated study participants after a five minute
rest period, with readings recorded to the nearest 2 mmHg. To ensure accuracy, all physical
measurements were performed three times, and the mean values were used for analysis.

2.4. Biochemical Tests

Trained technologists collected a 2 mL blood sample from all the study participants and
drew it into tubes containing EDTA. The samples were then transported to the Shanghai
Dian Diagnosis Innovation Professional clinical laboratories for testing. Biochemical tests
were conducted to measure the cardiovascular-related indicators for determining the
prevalence of MetS in individuals. Specifically, we measured high-density lipoprotein
(HDL), low-density lipoprotein (LDL), triglyceride (TG), and fasting blood glucose (FBG).

2.5. Covariate Assessment

We calculated the total hours of metabolism equivalent (MET) per week, based on the Com-
pendium of Physical Activity [24]. Energy intake per day was estimated using the FFQ. Body
mass index (BMI, kg/m2) was determined using the formula = weight (kg) / height2 (m2), and
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then classified into four categories based on the Working Group on Obesity in China: under-
weight (< 18.5 kg/m2), normal (18.5–23.9 kg/m2), overweight (24.0–27.9 kg/m2), and obesity
(≥ 28.0 kg/m2). Education level was categorized as primary school and below, junior high
school, high school and above. Marital status was classified as married or other. To identify
the presence of MetS, we used the criteria set by the Chinese Diabetes Society (CDS), which
defines MetS as having three or more of the following five criteria: (1) elevated waist cir-
cumference: waist circumference ≥ 90 cm in males, ≥ 85 cm in females; (2) hyperglycemia
status: fasting blood glucose (FBG) ≥ 6.1 mmol/L or a diabetes diagnosis; (3) hyperten-
sion status: systolic/diastolic blood pressure ≥ 130/85 mmHg or a hypertension diagno-
sis; (4) elevated triglyceridemic: triglyceridemic (TG) ≥ 1.7 mmol/L; (5) reduced HDL:
HDL < 1.04 mmol/L [25].

2.6. Analysis of Dietary Patterns
2.6.1. A posteriori Dietary Pattern Analysis

Both factor analysis and cluster analysis were utilized to identify the dietary patterns
of the study participants. The procedures are explained in detail below.

First, the average daily intake for each food group was subjected to a cluster analysis
using the K-mean method to identify dietary patterns among the study participants. The
analysis was performed with 50 iterations, centering results on zero, and the subjects were
divided into four groups based on the Euclidean distance between the observations.

Second, a factor analysis was conducted to identify dietary patterns. The adequacy of
the sample was first verified using the Kaiser–Meyer–Olkin (KMO) index and Bartlett’s test
of sphericity. Principal component analysis was then employed to extract factors, followed
by orthogonal rotation. The factors with eigenvalues greater than one were retained. Only
absolute values of factor loading > 0.2 were included in the analysis, as high factor loads
indicated a strong relationship with the identified factors. Factor scores were further
categorized into four quartiles, where high scores indicated a greater adherence to the
identified dietary pattern.

2.6.2. A priori Dietary Pattern Analysis

The adherence to two diet quality scores for the dietary approaches to stop hyperten-
sion (DASH) diet and the Mediterranean diet (MD) were calculated. The DASH and MD
scores ranged from 0 to 9, with higher scores indicating greater adherence to the respective
dietary patterns.

The DASH diet score for each participant was determined using the formula devel-
oped by Mellen et al. [26]. The score comprised of nine nutrients (total fat, saturated fat,
protein, fiber, cholesterol, calcium, magnesium, sodium, and potassium), with micronutri-
ent goals reported per 1000 kcal. Each nutrient was assigned a score of 0, 0.5, or 1 based
on whether the target was not met, partially met, or fully met, respectively. The DASH
score was then calculated as the sum of all the nutrient targets met by the individual
(Supplementary Table S1).

The traditional MD score was originally developed by Trichopoulou et al. [27], to assess
adherence to the Mediterranean diet in a Greek population. Fung et al. [28] later revised
this score and developed the alternate Mediterranean diet score, which included vegetables,
fruits, nuts, whole grains, legumes, fish, the monounsaturated/saturated fat ratio, red
and processed meats, and alcohol. In our study, the MD score for each participant was
calculated using the formula developed by Fung et al. The total MD score was computed
as the sum of the nutrient targets met, with a score of 1 assigned to the consumption of
food groups considered beneficial to health at or above the sex-specific median (vegetables,
fruits, nuts, whole grains, legumes, fish, and the monounsaturated/saturated fat ratio),
below the median for food groups presumed to be detrimental to health (red and processed
meats), and moderate ethanol consumption (5–15 g/d in females and 15–25 g/d in males)
(Supplementary Table S2).
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2.7. Statistical Analysis

Continuous variables were reported as mean ± SD and categorical variables were
presented as frequency (%). Balance tests for continuous and categorical variables were
conducted using the Student t-test and chi-square, respectively. Non-conditional logistic
regression analysis was performed to examine the relationship between each diet pattern
score and MetS. All statistical analyses were conducted using IBM SPSS Statistics software
Version 20.0. Two-sided p values < 0.05 were considered statistically significant.

3. Results

3.1. Personal Characteristics and Prevalence of MetS

Table 1 displays the personal characteristics of the study participants stratified by
MetS status. Out of the total sample of 5426 participants, 1219 were diagnosed with MetS,
while 4207 were classified as non-MetS. The prevalence of MetS was 22.47%. Statistically
significant differences (p < 0.05) were observed between the two groups in terms of age,
BMI, physical activity, gender, retirement status, education level, cigarette smoking, alcohol
drinking, and tea consumption. Furthermore, individuals with MetS exhibited higher levels
for waist circumference, fasting blood glucose, systolic blood pressure, diastolic blood
pressure, triglycerides, HDL-C, and LDL-C compared to those without MetS (p < 0.05).

Table 1. Personal characteristics of study participants between the population with and without MetS.

Variables
With MetS
(n = 1219)

Without MetS
(n = 4207)

p-Value

Gender a < 0.001
Male 602(49.38) 1404(33.40)

Female 617(50.62) 2803(66.63)
Retirement status a 0.002

Yes 831(68.17) 2667(63.39)
No 388(31.83) 1540(36.61)

Marital status a 0.126
Married 1141(93.60) 3883(92.30)

Other 78(6.40) 324(7.70)
Education level a < 0.001

Primary school and below 593(48.65) 1632(38.79)
Junior high school 419(34.37) 1624(38.60)

High school and above 207(16.98) 951(22.61)
Cigarette smoking a < 0.001

No 829(68.01) 3354(79.72)
Yes 390(31.99) 853(20.28)

Alcohol drinking a < 0.001
No 1014(83.18) 3741(88.92)
Yes 205(16.82) 466(11.08)

Tea drinking a < 0.001
No 710(58.24) 2858(67.93)
Yes 509(41.76) 1349(32.07)

Age b 58.31 ± 8.77 55.39 ± 10.22 < 0.001
BMI (kg/m2) b 26.93 ± 3.09 23.95 ± 3.00 < 0.001

Energy intake (Kcal/d) b 1378.17 ± 416.41 1393.72 ± 434.84 0.267
Physical activity (MET min/week) b 3458.72 ± 2207.95 3670.39 ± 2157.09 0.003

Waist circumference (cm) b 86.73 ± 8.29 77.28 ± 7.96 < 0.001
Fasting blood glucose (mmol/L) b 6.64 ± 2.06 5.46 ± 1.08 < 0.001
Systolic blood pressure (mmHg) b 146.38 ± 20.85 132.42 ± 21.57 < 0.001
Diastolic blood pressure (mmHg) b 88.34 ± 11.02 81.10 ± 10.87 < 0.001

Triglycerides (mmol/L) b 2.94 ± 1.89 1.50 ± 0.83 < 0.001
HDL cholesterol (mmol/L) b 1.06 ± 0.27 1.43 ± 0.29 < 0.001
LDL cholesterol (mmol/L) b 2.71 ± 0.98 2.80 ± 0.78 0.001

Abbreviations: MetS: metabolic syndrome; SD: standard deviation; MET: metabolic equivalent task. a Categorical
variables were presented as frequency (%); b continuous variables were reported as mean ± SD.
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3.2. A posteriori Dietary Pattern Analysis

We classified 29 food items from the FFQ into 19 predefined food groups for the
purpose of cluster analysis (Supplementary Table S3). As indicated in Table 2, the resulting
four clusters were labeled as follows: “snacks and beverages” dietary pattern (cluster I
with n = 291), “grains and vegetables” dietary pattern (cluster II with n = 1051), “balanced”
dietary pattern (cluster III with n = 2722), and “dairy and fruits” dietary pattern (cluster IV
with n = 1362).

Table 2. Identifying a posteriori dietary pattern based on food intake of study participants by
cluster analysis.

Food Groups
Cluster I
(n = 291)

Cluster II
(n = 1051)

Cluster III
(n = 2722)

Cluster IV
(n = 1362)

Grain 341.84 402.63 311.99 277.44
Coarse cereals 19.01 14.83 10.92 32.72

Starchy vegetables 20.23 19.14 14.41 32.56
Vegetables 220.41 378.58 165.81 235.99

Dark vegetables 129.09 244.55 65.91 115.80
Fruits 137.86 109.17 95.11 168.65
Dairy 125.05 56.24 56.04 149.97
Meats 80.79 81.39 48.75 78.19
Fish 41.88 46.52 27.12 57.66

Other seafood 20.04 16.41 10.14 25.17
Soy products 6.58 5.25 3.18 8.15

Eggs 32.52 37.25 25.45 41.28
Sugared beverages 212.81 8.90 6.20 7.57

Snacks 42.18 27.84 18.94 42.19
Salted food 17.55 18.01 8.56 14.24

Cluster I: snacks and beverages dietary pattern; cluster II: grains and vegetables dietary pattern; cluster III:
balanced dietary pattern; cluster IV: dairy and fruits dietary pattern.

Both the Kaiser–Meyer–Olkin index (0.711) and Bartlett’s test (p < 0.001) confirmed the
suitability of the data for factor analysis. We identified five distinct dietary patterns among
the study participants and labeled them as follows: “high protein” dietary pattern (factor
I), “grains and vegetables” dietary pattern (factor II), “coarse cereals and soy products”
dietary pattern (factor III), “snacks and beverages” dietary pattern (factor IV), and “dairy
and fruits” dietary pattern (factor V), based on the highest factor loading for food items
and interpretability (Figure 2 and Supplementary Table S4). The variance explained by
factor I, factor II, factor III, factor IV, and factor V was 10.933%, 9.869%, 9.556%, 9.062%,
and 8.533%, respectively.

3.3. A priori Dietary Pattern Analysis

As presented in Table 3, the present results revealed that study participants had a
priori dietary pattern score of 1.48 (SD: 1.14) for DASH and 3.93 (SD: 1.59) for MD. Notably,
no statistically significant differences in the DASH and MD scores were observed between
the study populations with and without MetS (p > 0.05).

3.4. Association between Dietary Patterns and MetS

Table 4 presents the results of the non-conditional logistic regression analysis exam-
ining the association between the a posteriori dietary patterns and MetS. The results of
the cluster analysis revealed that the study participants with the “dairy and fruits” dietary
pattern (cluster IV) had a protective effect against MetS compared to those with the “bal-
anced” dietary pattern (cluster I) in both unadjusted and adjusted models, with OR values
of 0.66 (95% CI: 0.56, 0.78) and 0.81 (95% CI: 0.66, 0.98), respectively. For factor analysis, in
the unadjusted model, a higher score for the “coarse cereals and soy products” and “dairy
and fruits” dietary pattern was associated with a significantly lower risk of MetS, with OR
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values of 0.67 (95% CI: 0.56, 0.80; ptrend < 0.001) and 0.60 (95% CI: 0.50, 0.72; ptrend < 0.001),
respectively. After adjusting for covariates, a higher score for the “coarse cereals and soy
products” dietary pattern was still associated with a significantly lower risk of MetS, with
an OR value of 0.74 (95%CI: 0.61, 0.91; ptrend = 0.007).

Figure 2. Radar chart for the different dietary patterns from the factor analysis.

Table 3. A priori dietary pattern scores of study participants between the population with and
without MetS (n = 5426).

Dietary Pattern Score, Mean ± SD
Total

(n = 5426)
With MetS
(n = 1219)

Without MetS
(n = 4207)

p-Value a

DASH 1.48 ± 1.14 1.46 ± 1.13 1.48 ± 1.14 0.488
MD 3.93 ± 1.59 3.89 ± 1.57 3.95 ± 1.59 0.248

Abbreviations: DASH: dietary approaches to stop hypertension; MD: Mediterranean diet. a p-value for t-test.

Table 4. A posteriori dietary patterns in association with the risk of MetS using non-conditional
logistic regression models.

Method Dietary Pattern
Model 1 Model 2

OR (95 % CI) p-Value OR (95 % CI) p-Value

Cluster analysis Balanced pattern Reference Reference
Snacks and

beverages pattern 0.92 (0.69, 1.23) 0.580 1.06 (0.77, 1.46) 0.718

Grains and
vegetables pattern 1.03 (0.88, 1.22) 0.699 0.97 (0.81, 1.17) 0.764

Dairy and fruits
pattern 0.66 (0.56, 0.78) <0.001 0.81 (0.66, 0.98) 0.032

Factor analysis a High protein
pattern

Q1 Reference Reference
Q2 0.99 (0.82, 1.18) 0.864 1.02 (0.85, 1.22) 0.838
Q3 0.85 (0.70, 1.01) 0.070 0.91 (0.75, 1.10) 0.318
Q4 0.99 (0.83, 1.19) 0.936 1.12 (0.93, 1.36) 0.239
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Table 4. Cont.

Method Dietary Pattern
Model 1 Model 2

OR (95 % CI) p-Value OR (95 % CI) p-Value

p-value for trend b 0.660 0.382
Grains and

vegetables pattern
Q1 Reference Reference
Q2 0.94 (0.78, 1.12) 0.467 0.95 (0.79, 1.15) 0.616
Q3 1.05 (0.88, 1.26) 0.579 1.07 (0.89, 1.29) 0.453
Q4 0.93 (0.78, 1.12) 0.433 0.92 (0.76, 1.12) 0.406

p-value for trend b 0.622 0.553
Coarse cereals and

soy products
pattern

Q1 Reference Reference
Q2 0.81 (0.68, 0.97) 0.022 0.86 (0.72, 1.03) 0.098
Q3 0.79 (0.66, 0.94) 0.009 0.86 (0.71, 1.03) 0.105
Q4 0.67 (0.56, 0.80) <0.001 0.74 (0.61, 0.91) 0.005

p-value for trend b <0.001 0.007
Snacks and

beverages pattern
Q1 Reference Reference
Q2 1.09 (0.91, 1.31) 0.333 1.08 (0.90, 1.30) 0.417
Q3 0.99 (0.82, 1.18) 0.890 1.02 (0.85, 1.24) 0.822
Q4 0.99 (0.82, 1.19) 0.898 1.09 (0.88, 1.34) 0.422

p-value for trend b 0.593 0.537
Dairy and fruits

pattern
Q1 Reference Reference
Q2 0.82 (0.69, 0.98) 0.025 0.97 (0.80, 1.16) 0.707
Q3 0.69 (0.57, 0.82) <0.001 0.95 (0.78, 1.15) 0.598
Q4 0.60 (0.50, 0.72) <0.001 0.97 (0.79, 1.19) 0.753

p-value for trend b <0.001 0.722

Note: a factor scores were divided into Q1, Q2, Q3, and Q4 according to the quartiles; b test for trend based
on variable containing median value for each quartile. Model 1: unadjusted model; model 2: adjusted for age,
energy intake, physical activity, gender, education level, retirement status, smoking behavior, alcohol drinking,
and tea drinking.

The non-conditional logistic regression analysis examining the relationship between
the a priori dietary patterns and MetS is presented in Table 5. Our findings revealed no
significant associations of the DASH and MD scores with MetS (p > 0.05).

Table 5. A priori dietary patterns in association with the risk of MetS using non-conditional logistic
regression models.

Dietary Pattern Score
Model 1 Model 2

OR (95 % CI) p-Value OR (95 % CI) p-Value

DASH 0.98 (0.93, 1.04) 0.488 1.02 (0.96, 1.08) 0.541
MD 0.98 (0.94, 1.02) 0.247 1.01 (0.97, 1.06) 0.675

Abbreviations: DASH: dietary approaches to stop hypertension; MD: Mediterranean diet. Model 1: unadjusted
model; model 2: adjusted for age, energy intake, physical activity, gender, education level, retirement status,
smoking behavior, alcohol drinking, and tea drinking.

4. Discussion

In this cross-sectional study, we firstly utilized both a posteriori and a priori dietary
patterns to investigate the associations between dietary patterns and MetS in a suburban
population in Shanghai, China. Our findings demonstrated the inverse associations of the

25



Nutrients 2023, 15, 2185

“dairy and fruits” and “coarse cereals and soy products” dietary patterns with MetS. In
addition, two a priori dietary pattern scores for DASH and MD were calculated. However,
we did not observe any significant correlations between DASH or MD and MetS in the
Chinese population.

The prevalence of MetS in our study population was 22.47%, which is similar to the
24.5% reported in a systematic review and meta-analysis of 226,653 Chinese individuals [29],
and consistent with the global prevalence of 20–25% [30]. The high prevalence of MetS
may be attributed to lifestyle changes in modern society, among which dietary pattern
may pose an independent and essential factor in influencing the levels of MetS-related
indicators [10,31]. Especially for the Western-style diet high in fat and animal-based foods,
a meta-analysis revealed that “Western” dietary patterns were significantly associated with
increased MetS risk [32]. Over the past few decades, there has been a significant shift in
Chinese dietary patterns and behaviors, with a move from a predominantly plant-based
diet to a Western-style diet [33]. Therefore, we generated current dietary patterns in a
suburban population in Shanghai and investigated the relationship between these patterns
and MetS.

In this study, we observed a protective effect from the “dairy and fruits” dietary
pattern on MetS following cluster analysis. High consumption of fruits, egg, and dairy
was a crucial component of this pattern. Numerous studies have shown the beneficial
effects of fruits and vegetables on chronic diseases, such as MetS and CVD [34,35]. These
foods are rich in vitamins, dietary fiber, minerals, and phytochemicals, which contribute
to the body’s antioxidant, anti-inflammatory, and electrolyte properties [35]. Similarly,
some studies have indicated a negative correlation between egg consumption and the
risk of MetS [36–38]. Eggs are a source of high-quality protein, unsaturated fatty acids,
vitamins, minerals, and bioactive components that can effectively regulate lipid absorption,
hepatic lipid metabolism, increase HDL-C levels [39], and improve insulin sensitivity [40].
However, the relationship between dairy consumption and MetS is not consistent. One
meta-analysis revealed that a higher intake of dairy products significantly reduced the risk
of MetS by 17% in cross-sectional studies and by 14% in cohort studies [41]. Another meta-
analysis also reported similar findings for milk and yogurt consumption, but not for cheese
consumption [42]. Conversely, Babio et al. suggested that higher cheese consumption was
associated with a greater risk of MetS [43]. These inconsistent results may be related to
the type of dairy product. Milk and yogurt contain various minerals, such as calcium and
potassium, which can reduce fat absorption, resulting in weight and fat loss [44,45], and
can also decrease sodium retention, thereby lowering blood pressure [46,47]. Furthermore,
whey protein in milk and yoghurt may contribute to reducing endogenous fat, leading to a
decline in plasma triglycerides, total cholesterol, and LDL [44]. However, cheese is a high-
fat dairy product that loses its whey protein during production, and its phosphorus content,
energy density, and sodium are higher than other dairy products. These variations in
nutrient content may result in different effects compared to milk or yogurt [43]. Nonetheless,
in our study, we were unable to differentiate between the types of dairy products consumed,
and this issue requires further investigation.

In our study, we observed a significant negative correlation between the “coarse
cereals and soy products” dietary pattern and MetS after factor analysis. Notably, high
consumption of coarse cereals is a vital component of this dietary pattern. This finding is
consistent with previous research indicating that a low intake of coarse cereals increases the
risk of MetS in males, as reported by Cheng et al., based on the China Health and Nutrition
Survey [48]. The consumption of coarse cereals has also been shown to promote a healthy
gut microbiome, supporting the growth and activity of probiotics [49]. Furthermore, the
consumption of coarse cereals has been linked to cardiovascular disease prevention through
various pathways, including CaMKII/p-BFAF-3, NF-κB, MAPK, and PI3K/Akt [50]. An-
other key characteristic of the “coarse cereals and soy products” dietary pattern is the
high consumption of soy products and starchy vegetables. Studies have demonstrated
that soy products can prevent or improve some symptoms associated with MetS [51–53].
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Soy products contain essential nutrients, such as protein, polyunsaturated fatty acid, fiber,
sterol, and soybean isoflavone, which can reduce glycemic markers (fasting blood glucose
and serum insulin levels) [54], improve serum lipids (TG, TC, and LDL-C) [55], blood
pressure [56], and flow-mediated dilation [57]. However, the relationship between starchy
vegetables, such as potatoes, and MetS is not yet clear. Some studies have suggested that
high consumption of potatoes increases the risk of MetS-related diseases, such as type 2
diabetes [58] and hypertension [59], while others have found no significant association
between potato or starchy vegetable intake and the risk of obesity, type 2 diabetes, CVD,
or MetS [60,61]. This inconsistency may be attributed to differences in cooking methods
for starchy vegetables, particularly in Western diets where they are often fried or baked,
leading to negative health effects [62,63]. Starchy vegetables are rich in micronutrients and
other healthy biological compounds, such as phenolic acid, carotenoid, and resistant starch,
which are essential for macronutrient metabolism, antioxidant protection, and chronic
disease status [64,65]. Further research is needed to clarify the relationship between starchy
vegetable consumption and MetS.

In our study, we evaluated the two a priori dietary patterns, DASH and MD, to explore
the association between dietary pattern and MetS. The DASH diet was developed to regu-
late blood pressure and can also improve various chronic diseases, such as cardiovascular
diseases, diabetes, and kidney ailments [66–68]. Previous studies have revealed the positive
effects of the DASH diet on MetS and its components [69–71]. Nonetheless, our findings
do not align with these conclusions. Specifically, we found no connection between DASH
and MetS, which may be due to differences in ethnic backgrounds across populations. The
DASH diet was originally developed in a U.S. population, and the Chinese population
is demographically and culturally different from the U.S. population. As reported by
Joyce et al. [72], the correlation between DASH and MetS varies across different heritage
groups. DASH may be more effective in capturing diet–MetS associations in certain His-
panic/Latino subpopulations, such as central/south Americans. Further investigations are
required to identify the underlying reasons. The Mediterranean-style diet is a conventional
dietary pattern in countries such as Greece, Italy, and other Mediterranean coastal regions.
It emphasizes the use of olive oil as the primary source of fat and moderate wine consump-
tion [73]. Numerous studies have indicated that greater adherence to the Mediterranean
diet is associated with a lower risk of MetS in Western populations [74–77]. However, this
association is not as apparent in Asian populations [78]. In our study, we also did not
observe a significant correlation between MD and MetS in the Chinese population, which
may be due to differences in dietary practices between Western and Eastern countries.
Particularly, in our studied population, the consumption of olive oil and grape wine, which
are typical components of the Mediterranean diet, was relatively infrequent.

Our study has several limitations that need to be considered. Firstly, in a posterior
methods, the final presentation of data does not rely on any prior knowledge, which may
introduce subjectivity in the interpretation and naming, and limit the reproducibility and
validity of the data. Secondly, seasonal variations may influence the intake of various foods,
potentially compromising the reliability of the FFQ data. Furthermore, distinguishing be-
tween milk, yogurt, and cheese consumption can be challenging when analyzing the effects
of dairy products on MetS using the FFQ. Similar challenges exist for other foods, including
fruits. This limitation precludes an in-depth investigation into the impacts of specific types
of these foods on MetS. Thirdly, the sample size of this study was relatively small, and
study participants were only from a single region, which may not be representative of
the wider population. Therefore, future investigations with an expanded sample size and
enrolled population from diverse regions are necessary to examine the relationship between
dietary patterns and MetS. Finally, the cross-sectional design of the study limits our ability
to establish causality between dietary patterns and MetS. Future studies using longitudinal
data and intervention trials are expected to better elucidate the causal relationship.
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5. Conclusion

Our findings suggest that study participants following the “dairy and fruits” and
“coarse cereals and soy products” dietary pattern had a protective effect on MetS. Our
study recommends increasing the consumption of fruits, coarse cereals, and soy products to
reduce the risk of MetS. However, we did not observe any significant correlations between
DASH or MD and MetS in the Chinese population. Further exploration is needed to verify
the correlation of DASH and MD with MetS in the Chinese population.
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Abstract: Introduction: Diet is one of the most important modifiable risk factors associated with
cardiovascular health (CH). Research identifying dietary patterns (DPs) through data-driven analysis
and reporting associations between DPs and coronary artery disease (CAD) outcomes is rather
limited. Objective: The aim of the present report was to generate DPs through factor analysis (FA)
and to examine their association with CAD risk. Methods: Participants (n = 1017) consisted of cases
diagnosed with CAD (n = 356) and controls (n = 661) drawn from the THISEAS study. Demographic,
anthropometric and lifestyle data were collected. Dietary components were generated through FA.
Logistic regression analysis was performed to estimate CAD relative risks. Results: FA generated
seven dietary components, explaining 53.5% of the total variation in intake. The Western-type DP
showed a modest significant association with CAD risk, after controlling for confounders (OR = 1.20;
95% CI = 1.09–1.32, p < 0.001). The vegetarian-type DP was not significantly associated with the
likelihood of CAD (OR = 0.95; 95% CI = 0.84–1.04, p = 0.259). Discussion: The Western-type DP
was positively associated with CAD risk and the odds were further increased after controlling for
confounders. This finding is in concordance with previously reported positive associations between
Western patterns and CAD risk. Limited data exist regarding a posteriori DPs and their effect on
CAD risk.

Keywords: coronary artery disease; cardiovascular disease; dietary patterns; Western-type dietary
pattern; factor analysis

1. Introduction

Global statistics place cardiovascular disease (CVD) mortality first, since CVD deaths
represent 32% of all deaths worldwide and 38% of premature deaths due to noncommuni-
cable diseases (NCDs). Coronary artery disease (CAD) is the most common type of CVDs
and it is estimated that the number of people that will die due to CAD will rise up to
23.6 million by the year 2030 [1].

Low and moderate levels of cardiovascular health (CH) are attributable to the majority
of CVD events in the United States, according to the American Heart Association (AHA)’s
updated statistics report [2]. Therefore, premature mortality could be reduced or even
avoided when focusing on CH level improvements.

Diet is one of the most important CAD risk factors, depicts health behavior and
can modify CAD risk and overall CVD risk [3,4]. According to AHA, diet is among the
seven approaches for better CH [2]. Research investigating the impact of specific dietary
nutrients of foods on CAD may highlight their protective effects against CAD and is still
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ongoing [5–9]. However, the nutrients and bioactive chemicals of food items are inter-
correlated and research for associations between a single nutrient and a chronic disease
may underestimate the impact of the overall diet on health outcomes [10]. In recognition
of the synergy of nutrients, research was directed towards the study of dietary patterns
(DPs) in the prevention or treatment of disease [11,12]. Therefore, apart from focusing on
the protective potential of individual nutrients, it is also important to study the impact of
DPs on the disease. A DP conceptualizes the nutritional intake, the quality and the variety
of the overall diet.

Although there is supportive evidence regarding the protective effect of the Mediterranean-
type diet on CAD risk, data regarding other known DPs such as, vegetarian-type, and
Western-type diets remain limited. Furthermore, research identifying DPs through data-
driven analysis and reporting associations between DPs and CAD outcomes is scarce, being
even more scarce in the Greek population, and the results remain inconclusive. In addition,
the posteriori approach is independent of current nutrition-model knowledge and is an
important tool with which to identify novel DPs that may substantially increase or decrease
CAD risk.

In order to bridge the gap and provide more evidence to the current literature re-
garding DPs on disease risk, the aim of the present report was to identify DPs through
data-driven analysis and to evaluate their association with CAD risk.

2. Materials and Methods

2.1. Study Design and Population

Details regarding the materials and methods used for the study population, along
with demographic, anthropometric, clinical and lifestyle assessments, have been previously
published [13]. The study population comprised up to 1017 subjects of Greek origin drawn
from the THISEAS database, constituting a case–control study.

Cases were coronary patients presenting with acute coronary syndrome or stable CAD
defined as >50% stenosis in at least one of the three main coronary vessels. All patients
had undergone coronary angiography. Controls were individuals free of CAD. Exclusion
criteria from both study groups were the presence of renal or hepatic disease. Subjects from
the THISEAS database with incomplete/missing dietary data and missing data regarding
other parameters tested were excluded from current analyses.

Therefore, the analysis of the present report was restricted to 356 cases diagnosed with
first-time CAD at the time of recruitment and 661 controls, depending on the dietary data
availability of the cohort. The study protocol was approved by the Ethics Committee of
Harokopio University of Athens. The flow chart of the present study is depicted in Figure 1.

2.2. Demographic and Lifestyle Characteristics

All participants were interviewed regarding their origins to ensure their Greek ancestry.
Data regarding educational status were collected and in the present work educational status
was measured via years of schooling.

Physical activity level (PAL) was assessed through the Harokopio Physical Activity
Questionnaire (HAPAQ), which evaluates the frequency, duration and intensity of occu-
pational, household and leisure time activities [14]. Physical activity (PA) adoption was
assessed as a categorical variable categorizing the participants into two groups, based
on whether they reported leisure time activities in a regular basis or not. Volunteers that
reported no leisure time activities were categorized as physically inactive.
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Figure 1. Study flow chart.

Participants were classified into current, never or former smokers. Information re-
garding the average daily number of cigarettes, the duration of smoking and time of
cessation was also obtained. Current smokers were defined as those who smoked at least
one cigarette per day, non-smokers those who had never smoked in their life and former
smokers those who had stopped smoking for at least six months. In the present analysis,
former smokers were combined together into one group with never smokers.

2.3. Anthropometric Measurements

Body weight (BW) and height (Ht) were measured in all participants, who were
wearing light clothing, without shoes. Weight was measured to the nearest 0.5 kg using a
leveled platform scale. Height was measured to the nearest 0.5 cm using a wall-mounted
stadiometer. Body mass index (BMI) was computed as weight (kg)/height2 (m) (Quetelet’s
equation):

BMI = BW (kg)/[Ht (m)]2

2.4. Dietary Assessment

Nutritional information was recorded through a 172-item picture-sort food frequency
questionnaire (FFQ). Dietary data were manually entered into an Excel spreadsheet database
that translated the queried foods and beverages into food group equivalents. Regarding
combinations of individual foods into one food item, the researcher referred to the ingre-
dients, nutrient information and recipe from reference lists. In order to calculate portion
sizes, the dietary guidelines for adults in Greece were used [15]. In total, 26 food groups
were estimated (Supplementary Material). For analysis, the number of food groups was
further narrowed down to 21 by including two similar food groups in one (e.g., dairy, full
fat, and cheese, full fat).

2.5. Statistical Analysis

Continuous variables are presented as mean values and SD, while categorical variables
are presented as relative frequencies. Differences between categorical variables and groups
of the study were assessed using the χ2 test. P–P plots were applied to assess the normality
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of the distribution of the continuous variables. Student’s t test or the Mann–Whitney test
was applied to evaluate differences in continuous variables between the two study groups.

The factor analysis (FA) technique was used to identify and generate DPs. Data
preparation was completed prior to performing FA. This step included the quality control
of the dataset by checking for outliers regarding consumption, removing missing data and
ensuring continuous variables. Given that most studies have demonstrated a U-shaped
relationship between CAD risk and coffee or alcohol consumption, alcohol and coffee were
dropped from further analysis [16,17]. In total, 19 food groups were coded as servings
per day and underwent FA. Exploratory FA was carried out to evaluate validity, disclose
underlying structures and reduce the number of variables. FA was chosen as the extraction
method using orthogonal rotation (Varimax rotation) in order to generate non-correlated
components (namely, non-correlated DPs). The food variables that were highly correlated
showed factor loadings (correlation coefficients) greater that |0.4|. The cut-off point for
Eigen values was greater than 1.0 [18].

Logistic regression models (unadjusted and adjusted for major confounders) were
used in order to estimate the relative risks of developing CAD via the calculation of ORs and
their corresponding 95% confidence interval. Model 2 logistic regression was adjusted for
main covariates, namely age, sex and BMI. In order to control for more covariates (beyond
Model 2 covariates) related to the dependent variable and to alleviate concerns regarding
a loss of study power due to multiple testing, we tested the selected set of covariates one
at a time. Covariates retained as significant were the presence of hypertension, diabetes
mellitus, dyslipidemia and current smoking. Physical inactivity and years of education that
changed the effect size by less than 10% and were non-significant were removed. Therefore,
we concluded on using Model 3 adjusted for age, sex, BMI, presence of hypertension,
diabetes mellitus, dyslipidemia and current smoking.

Analyses were based on 2-sided tests, while statistical significance was set at p ≤ 0.05.
The statistical software package IBM SPSS Statistics 21.0 (SPSS Inc., Frisco, TX, USA) was
used for all statistical calculations, where appropriate.

3. Results

Table 1 presents the descriptive characteristics of the study (namely, the demographic,
lifestyle and clinical characteristics). The two study groups significantly differed regarding
age; specifically, cases with CAD were older compared to controls (p < 0.001). A higher
proportion of males comprised the case groups, compared with that in the control group
(p < 0.001). As expected, the prevalence of arterial hypertension, hypercholesterolemia,
type 2 diabetes mellitus (T2DM), physical inactivity and cigarette smoking was higher in
cases compared to that in controls.

Table 2 depicts the score coefficients (factor loadings) derived from FA. Absolute
values greater than 0.4 indicate that the food variables are highly correlated and contribute
more to the development of a dietary component. In this report, seven components were
generated from the initial food groups, and explained 53.5% of the total variation in intake.
Specifically, the derived components from the analysis were as follows:

(1) Component 1, a Western-type pattern, which included red meat, processed meat, fried
potatoes and fast foods;

(2) Component 2, a vegetarian-type pattern, which is mainly characterized by vegetables,
legumes and potatoes (boiled, baked or smashed);

(3) Component 3, a starch pattern, which was loaded with refined and unrefined starch
(with the unrefined starch prevailing)l

(4) Component 4, a pattern that was characterized by the consumption of poultry, fish
and seafood;

(5) Component 5, a pattern that included dairy and eggs,
(6) Component 6, a binge eating-type pattern that included the intake of sweets and nuts;
(7) Component 7, a pattern that included soft drinks and fruit drinks. Fruits and fresh

fruit juice were not loaded.
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Table 1. Descriptive characteristics of the participants.

Controls (N = 661) Cases (N = 356)

Mean or
Frequency

±SD *
Mean or

Frequency
±SD p-Value

Demographic & Lifestyle characteristics

Age (years) 54.1 ±14.1 62.5 ±10.1 <0.001
Male sex (%) 49.5 82.1 0.000
Years of education 12.3 ±4.6 11.5 ±4.9 0.007

Relative Frequency (%) Relative Frequency (%) p-Value

Physical inactivity 79.5% 90.9% 0.000
Current smokers 26.4% 46.7% 0.000

Clinical characteristics

Mean ±SD Mean ±SD p-Value

Body mass index 28.4 ±4.9 27.8 ±3.8 0.040
Systolic blood pressure (mmHg) 134 ±18 134 ±20 0.944
Diastolic blood pressure (mmHg) 80 ±11 80 ±13 0.658
Total cholesterol (mg/dL) 210 ±39 192 ±48 0.000
Low-density lipoprotein cholesterol (mg/dL) 133 ±35 123 ±42 0.000
Triglyceride (mg/dL) 114 ±64 148 ±103 0.000
Blood glucose (mg/dL) 98 ±23 113 ±35 0.000

Relative Frequency (%) Relative Frequency (%) p-Value

Prevalence of hypertension 47.5% 90.3% 0.000
Use of antihypertensive medication 29.0% 85.1% 0.000
Prevalence of hypercholesterolemia 69.5% 88.4% 0.000
Use of lipid lowering medication 21.5% 79.4% 0.000
Prevalence of diabetes mellitus 10.6% 35.0% 0.000
Use of anti-diabetic medication 5.7% 21.8% 0.000

* SD = standard deviation.

Table 2. Loadings from principal component analysis regarding food groups consumed by the
participants from the THISEAS study.

Component a

1 2 3 4 5 6 7

Red meat 0.584 0.300 −0.117 0.043 0.087 0.033 −0.122
Processed meat 0.671 −0.076 0.097 −0.006 0.031 0.066 0.082
Potatoes, fried 0.549 0.135 −0.175 0.007 0.189 −0.189 0.039
Fast foods 0.630 −0.083 −0.165 0.037 0.152 0.149 0.173
Vegetables −0.105 0.625 0.164 0.268 0.089 −0.097 0.198
Legumes −0.036 0.666 −0.147 −0.010 −0.046 0.297 −0.145
Potatoes, boiled/baked/smashed 0.208 0.615 −0.054 −0.034 0.082 −0.031 −0.010
Refined starch 0.139 0.256 −0.645 −0.057 0.056 0.056 0.124
Unrefined starch −0.030 0.096 0.813 0.020 0.054 −0.041 −0.092
Fish −0.007 0.208 0.031 0.606 −0.048 −0.004 −0.168
Seafood 0.204 −0.108 −0.059 0.688 0.065 −0.028 0.135
Poultry 0.537 0.082 0.098 0.431 −0.331 −0.026 −0.099
Dairy, full fat 0.096 0.298 0.003 0.089 0.565 −0.193 0.041
Dairy, semi/non fat −0.033 −0.020 0.443 −0.201 −0.440 −0.214 0.292
Eggs 0.121 −0.026 0.019 −0.084 0.624 0.193 −0.011
Sweets 0.214 −0.038 0.032 0.132 0.336 0.498 0.292
Nuts 0.024 0.095 0.024 −0.029 −0.029 0.739 −0.070
Soft drinks 0.180 0.112 −0.023 −0.255 −0.058 −0.225 0.701
Fruit drinks −0.02 0.081 −0.158 0.224 −0.037 0.184 0.590
Fruits −0.219 0.243 0.0201 0.366 −0.020 0.279 0.215

Numbers in bold indicate loadings with an absolute value of >0.4 (a higher correlation of the food group with the
component); total %variance explained equals 53.5. a Component description: Component 1 = a Western-type
pattern; Component 2 = a vegetarian-type pattern; Component 3 = a starch-type pattern; Component 4 = a
pattern that is mainly characterized by the consumption of poultry, seafood and fish; Component 5 = a pattern
that is mainly characterized by the consumption of dairy and eggs; Component 6 = a binge eating-type pattern
that is mainly characterized by the consumption of sweets and nuts; Component 7 = a pattern that is mainly
characterized by the consumption of soft drinks and fruit drinks.
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In order to evaluate the associations between each extracted dietary component and
CAD risk, logistic regression models were performed without adjustments (Model 1) or
after controlling for main covariates (Model 2, adj. for age, sex and BMI). In addition,
Model 3 was adjusted for more covariates (Model 2 + presence of arterial hypertension,
dyslipidemia, diabetes mellitus and current smoking). Table 3 depicts the results from
logistic regression, which evaluated the association between each dietary component
and CAD likelihood. The unadjusted regression showed that Component 1 (OR = 1.10;
95% CI = 1.01–1.10, p = 0.034), Component 4 (OR = 1.03; 95% CI = 1.02–1.04, p = 0.000)
and Component 5 (OR = 1.09; 95% CI = 1.03–1.16, p = 0.003) were positively associated
with CAD risk. On the other hand, Component 3, Component 4 and Component 7 were
inversely associated with CAD risk. After adjusting for Models 2 and 3, only the association
of Component 1 (Western-type diet pattern) remained significant (Model 2: OR = 1.20; 95%
CI = 1.09–1.32, p < 0.001) (Model 3: OR = 1.13; 95% CI = 1.02–1.24, p < 0.017). Model 2
revealed a modest effect of Component 1 on CAD risk. The effect size was attenuated after
Model 3 analysis, although it remained significant. The positively associated Component 5,
along with the inversely associated Components 3, 4 and 7 lost their significance in adjusted
analyses. In addition, Component 6 was inversely associated with CAD risk (Model 1 and 2)
but lost significance in Model 3 analysis. Component 2 did not demonstrate significant
associations with the likelihood of CAD, in both unadjusted and adjusted analyses.

Table 3. Results from logistic regression, which evaluated the association between dietary components
and the likelihood of having coronary artery disease.

Odds Ratio 95% CI p-Value

Component 1: a Western-type dietary pattern (DP)
* Model 1 1.10 1.01–1.10 0.034
** Model 2 1.20 1.09–1.32 <0.001
*** Model 3 1.13 1.02–1.24 0.017

Component 2: b Vegetarian-type DP
Model 1 0.97 0.90–1.05 0.48
Model 2 0.95 0.84–1.04 0.26
Model 3 0.94 0.85–1.04 0.22

Component 3: c Starch-type DP
Model 1 0.95 0.91–0.99 0.007
Model 2 0.98 0.94–1.03 0.45
Model 3 1.00 0.95–1.05 0.97

Component 4: Poultry, fish and seafood DP
Model 1 0.75 0.61–0.92 0.005
Model 2 0.85 0.67–1.07 0.15
Model 3 0.80 0.61–1.04 0.10

Component 5: Dairy, cheese and eggs DP
Model 1 1.09 1.03–1.16 0.003
Model 2 1.06 1.00–1.14 0.06
Model 3 1.06 0.98–1.15 0.12

Component 6: d Binge eating-type DP
Model 1 0.79 0.71–0.89 <0.001
Model 2 0.84 0.75–0.95 0.005
Model 3 0.88 0.77–1.01 0.07
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Table 3. Cont.

Odds Ratio 95% CI p-Value

Component 7: e Soft/fruit drinks DP
Model 1 0.66 0.52–0.83 0.001
Model 2 0.77 0.77–1.00 0.052
Model 3 0.83 0.62–1.12 0.23

* No adjustments; ** adjustments = age, sex and body mass index; *** adjustments = age, sex, body mass index,
presence of arterial hypertension, dyslipidemia, diabetes mellitus and current smoking. a A pattern mainly
characterized by the consumption of meat, processed meat, fast foods, fried potatoes and fast-food; b a pattern
mainly characterized by the consumption of legumes, vegetables and potatoes; c a pattern mainly characterized
by the consumption of unrefined starch; d a pattern mainly characterized by the consumption of sweets and nuts;
e a pattern mainly characterized by the consumption soft drinks and fruit drinks.

Furthermore, in an attempt to apply multiple regression analysis to model the as-
sociations between DPs, dependent variables and CAD (total cholesterol, low-density-
lipoprotein cholesterol, triglycerides {TG} and systolic blood pressure) in the pooled sample
or in controls did not reveal significant results.

4. Discussion

The present report attempted to create posteriori DPs and assess their associations
with the likelihood of having CAD. Dietary components were identified from food groups
that underwent the FA, a data-driven statistical method. In total, seven components (DPs)
were generated.

The first component could be described as a Western-type DP and depicted an un-
healthy pattern; it was mainly characterized by the consumption of red meat, processed
meat, fried potatoes and fast foods. This pattern was positively associated with CAD risk.
Although the odds were further increased after controlling for main confounders (Model 2)
compared to those under the unadjusted analysis (Model 1), the effect was attenuated
when controlling for more confounding variables (Model 3). However, in all models the
association of the pattern remained significant. This finding is in concordance with the
previously reported positive association between Western-type patterns and CAD in stud-
ies with high methodological quality [19]. Western-type DPs are mainly characterized by
saturated fatty acid intake, and this type of fat has been implicated as a CAD risk factor. In
another Greek study, a pattern characterized by meat intake and meat products has been
associated with higher waist circumference and lower levels of high-density-lipoprotein
cholesterol (HDL-C) [20]. Nowadays, there is evidence in the literature indicating that the
Western-type diet is associated with CVD, as well as other NCDs (such as obesity, T2DM
and cancer) due to their regulation of the gut microbiota–immune system interaction [21].
In the present report, the Western-type pattern that was generated from the analysis con-
tained ultra-processed foods (meat products and fast food) which are associated with an
increased prevalence of CVD [22–24].

On the other hand, Component 2, which is a vegetarian-type DP, is mainly char-
acterized by the consumption of vegetables, legumes and potatoes (fried potatoes were
excluded) and depicts a healthy DP. Vegetables and legumes are usually components of
prudent patterns, which are inversely associated with CAD risk [19]. In our findings,
this component showed an expected directional effect on CAD risk, although it was not
significant. In general, there is some evidence in the literature suggesting a protective effect
of vegetarian type patterns on primary prevention [25]. Vegetarian-type diets seem to have
a protective effect against CVD risk and improve overall CH. However, more consistent
associations regarding cardiovascular benefits need to be observed [26].

The inverse association of the seventh pattern (sweets and nuts) (Model 1 and 2) is in
line with the results of a case–control Norwegian study. The latter demonstrated an inverse
association of sweets with myocardial infarction [27]. The authors mention that although
this was an unexpected outcome, this food group contained food items, such as, nuts,
almond paste and chocolate, which have been associated with reduced CAD risk. Similarly,
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in our report, this component also included nuts; in addition, among other sweets, almond
chocolate and dark chocolate were also included. We cannot obviate the possibility that the
latter food items affected the direction of the association with CAD risk. This association
lost significance after Model 3 analysis.

It has been demonstrated that diets characterized by foods with high glycemic index
scores have been associated with high TG and low HDL-C levels [28]. In addition, bev-
erages with added sugar are associated with CAD risk [29]. However, in this report, soft
drinks and fruit drinks (Component 7) did not reveal associations with CAD risk, after
confounding. The third, fourth and fifth components also lacked significant associations,
after confounding.

Potential limitations of this report are the recall bias of food intake, which may have
resulted in underreported or overreported dietary intakes. Many cases had received dietary
advice by the time of the interview, so we cannot rule out the possibility that this may have
influenced their diet report towards the intake of favorable foods indicated in the dietary
advice. This is a case–control investigation that cannot support causality. In addition, the
two study groups significantly differed in gender proportions. Although logistic regression
Model 2 was adjusted for the sex variable, this does not preclude the possibility of a
sex misbalance affecting the outcome of some results. FA as a technique also has some
limitations, since the extracted components are based on subjective decisions.

We assume that some of the non-significant findings may well have been significant if
the sample size was larger and had a larger discriminatory power.

Despite the limitations of this report, we assume that these results are noteworthy,
given the limited evidence in the literature identifying DPs through FA and examining
DPs for CAD risk. Most studies investigate possible associations between a priori DPs and
cardiovascular disease risk [30]. Research in the Greek population consistently reveals a
protective effect of the Mediterranean diet on CAD risk, examined as an a priori DP [31,32].
However, research on posteriori DPs and CAD outcomes is scarce, if there is any, meaning
we are unable to compare our results with others. Therefore, more research is needed in
this direction that could eventually identify the optimal diet for disease prevention.

5. Conclusions

Regarding an important environmental parameter, diet, research using DPs highlights
the importance of food diversity in health outcomes. Although dietary assessment is ap-
proached using different methods, many studies have consistent results regarding DPs and
CAD. These results are important and may contribute to the implementation of programs
and services supporting overall healthy patterns against disease prevention and develop-
ment instead of the avoidance of certain foods or nutrients. Policy health promotion can
encourage the improvement of eating behaviors at an individual and population level.
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Abstract: This study aimed to assess the relationship between the dietary total antioxidant capacity
(DTAC) and the occurrence of cardiovascular diseases (CVDs), as well as healthy diet quality, in a
representative sample (n = 5690) of the whole Polish adult population (WOBASZ II study). Daily
food consumption was estimated by the single 24 h dietary recall method. Antioxidant vitamins
(C, E, and β-carotene) and minerals (Zn, Fe, Mn, and Cu) from the diet and supplements were
calculated using 5D Diet software, and dietary total polyphenol intake (DTPI) was determined using
the Phenol-Explorer database and our database. Total diet quality was measured by the Healthy Diet
Indicator (HDI) based on World Health Organization (WHO) recommendations for the prevention of
CVD. DTAC was calculated using the data on food consumption and the antioxidant potential of
foods measured by the FRAP (ferric ion reducing antioxidant potential) method. It was shown that
higher DTAC was associated with a higher intake of polyphenols, antioxidant vitamins, and minerals.
Moreover, a higher quartile of DTAC was associated with a reduced odds ratio for cardiovascular
diseases in a Polish population, as well as with a higher HDI. Therefore, dietary recommendations
for the prevention and therapy of CVDs should take into account a high DTAC. DTAC, measured by
the FRAP method, can be considered an indicator of healthy diet quality.
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1. Introduction

According to the World Health Organization (WHO) report, cardiovascular diseases
(CVDs) are the leading cause of death worldwide. It is estimated that in 2019, deaths from
CVDs accounted for 32% of all deaths. Most cardiovascular diseases can be prevented by
changing modifiable risk factors, such as unhealthy diet, obesity, tobacco use, physical
inactivity, and extensive alcohol consumption [1].

All of the recommended dietary patterns for CVD prevention, including the Mediter-
ranean diet and the Dietary Approaches to Stop Hypertension model, emphasize the
importance of high diet quality. A common feature of such dietary patterns is the high
consumption of healthy foods, i.e., vegetables, fruits, whole grains, legumes, nuts and
seeds, low-fat dairy, fish, and unprocessed lean meats and poultry, and low consumption of
energy-dense, nutrient-poor foods rich in saturated fat, trans fat, added sugar and salt [2,3].
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Epidemiological research has globally demonstrated that plant-based foods, which
contain polyphenols, vitamins, minerals, and fiber, with proven antioxidant activity, can
prevent CVDs [4,5]. Our previous study showed that individual diet modifications in terms
of a higher intake of polyphenols (flavonoids and anthocyanins), fiber, and polyunsaturated
fatty acids (PUFA) and a lower intake of saturated fatty acids (SFA) had a significant impact
on the improvement of some metabolic syndrome risk factors, such as waist circumference,
fasting glucose, and HDL cholesterol [6]. However, no association was found between
lignan intake and the prevalence of CVDs [7].

A new approach to a healthy diet is the assessment of dietary total antioxidant capacity
(DTAC). The whole diet contains various antioxidants (vitamins: C, E, and carotenoids;
minerals: Zn, Fe, Mn, Cu, and Se; polyphenols) with additional or synergistic effects.
Several assays are available to measure antioxidants in foods, but the largest database is
based on the FRAP (ferric ion reducing antioxidant potential) method [8]. The current
FRAP database includes more than 3100 different foods, beverages, spices, herbs, and
supplements purchased at local stores and markets around the world [9]. Some authors
suggest that dietary FRAP may be considered an appropriate measure of dietary quality
because it positively correlates with well-known indicators of a healthy diet [10].

The epidemiological evidence of a relationship between DTAC measured by the
FRAP method and CVDs is limited. Findings from a meta-analysis of prospective cohort
studies revealed that higher dietary FRAP was associated with a lower risk of CVD mor-
tality [11]. In some studies, DTAC was inversely associated with cardiovascular events
and cardiometabolic risk factors [12], blood pressure and diabetes [13], prediabetes and
insulin resistance [14,15], and lipid biomarkers [15]. In the other study, no association
was found between DTAC and waist circumference, glucose level, insulin resistance, or
lipid biomarkers. However, the study was conducted on a small group of patients with
nonalcoholic fatty liver disease [16].

This study aimed to assess the relationship between the dietary total antioxidant
capacity and the occurrence of cardiovascular diseases, as well as healthy diet quality, in the
Polish adult population. This cross-sectional study supplements the existing knowledge in
this field.

2. Materials and Methods

2.1. Ethical Approval

The study was conducted in accordance with the Helsinki Declaration and Good
Clinical Practice. Approval for the WOBASZ II study was obtained from the Bioethics
Committee at the National Institute of Cardiology (No. 1344), which also approved the
current study (No. 1837). Written informed consent was obtained from all participants.

2.2. Study Group

The subjects (5690) were participants of the National Multicenter Health Survey II
(WOBASZ II) conducted by the National Institute of Cardiology in Warsaw in 2013–2014.
It was a cross-sectional study aimed at investigating the determinants of chronic non-
communicable diseases in a representative sample of Polish adults aged 20 years and
older. The design and methods of the WOBASZ II study have been described in detail
elsewhere [17].

Baseline information about participants (smoking, educational level, physical activity,
and diseases) was collected using a standardized questionnaire developed for the WOBASZ
II study. Physical activity was classified as follows: low level—physical activity for at least
30 min a day once a week or less; middle level—physical activity for at least 30 min a day
2–3 times a week; and high level—physical activity for at least 30 min a day ≥ 4 times
a week.

Subjects were classified as having CVD if they had: coronary heart disease, myocardial
infarction, stroke, atrial fibrillation and/or other cardiac arrhythmias, peripheral vascular
disease of the lower limbs, heart failure, coronary angioplasty or coronary artery bypass
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grafting, and implanted pacemaker or cardioverter-defibrillator, as was reported previ-
ously [18].

2.3. Clinical Measurements

The measurements of body mass, height, and waist circumference were performed
by trained nurses using standardized procedures. Body mass index (BMI) was calcu-
lated as body mass in kilograms divided by squared height in meters, and a BMI of
18.5–24.9 kg/m2 was defined as normal body mass [19]. Blood pressure (BP) was measured
three times on the right arm after 5 min of rest in a sitting position at 1 min intervals
using automatic devices (AND UA-631), and the final BP was reported as the mean of
the second and third measurements. Hypertension was diagnosed when systolic blood
pressure (BPs) ≥ 140 mm Hg and/or diastolic blood pressure (BPd) ≥ 90 mm Hg and/or
when antihypertensive drugs were used [20]. Biochemical analyses were performed at
the Diagnostyka Central Laboratory of the National Institute of Cardiology in Warsaw.
Diabetes was diagnosed when the fasting glucose (FG) level was ≥126 mg/dL or partici-
pants were taking antidiabetic drugs [21]. Hypercholesterolemia was defined when fasting
total cholesterol (TC) was ≥190 mg/dL or low-density lipoprotein cholesterol (LDL-C) was
≥115 mg/dL or subjects were taking lipid-lowering medication, and hypertriglyceridemia
was defined when the fasting triglyceride level (TG) was ≥150 mg/dL or participants used
lipid-lowering drugs [20].

A diagnosis of metabolic syndrome (MetS) was made when at least three of five risk
factors were identified: waist circumference (≥94 cm for men and ≥80 cm for women),
TG (≥150 mg/dL), HDL-C (<40 mg/dL for men and <50 for women), BPs ≥ 130 mm Hg
and/or BPd ≥ 85 mm Hg), and FG (≥100 mg/dL) [22].

2.4. Dietary Assessment

Dietary and supplement intake assessment was performed by trained interviewers
using a single 24 h dietary recall method. Food portion sizes were estimated using an
Album of Photographs of Food Products and Dishes [23]. Subjects were asked if they had
taken any form of a dietary supplement on the recall day, and the supplement type, name
brand, and dose were recorded. Nutrient intake (including vitamins and minerals) from
the diet was calculated based on the amount of food consumed with the use of Polish Food
Composition Tables [24].

2.5. Assessment of Dietary Antioxidants

Antioxidant vitamin (C, E, and β-carotene) and mineral (Zn, Fe, Mn, and Cu) intake
from both food and dietary supplements were taken into account. In the case of vitamins,
losses during technological processes and food preparation were deducted. The amounts of
vitamins and minerals from diet and supplements were estimated using the NFNI (National
Food and Nutrition Institute) 5D Diet software (IŻŻ Diet 5D).

Dietary total polyphenol intake (DTPI) was estimated using the online Phenol-Explorer
database [25] and our database [26,27].

Dietary total antioxidant capacity (DTAC) was estimated using the FRAP method
published by Carlsen [28] and our database [26,27].

2.6. Assessment of Healthy Diet Indicator (HDI)

Total diet quality was measured using the Healthy Diet Indicator (HDI) based on
World Health Organization (WHO) recommendations for the prevention of CVDs [29]
and described in [30]. The HDI includes the consumption of six nutrients (saturated fatty
acids, polyunsaturated fatty acids, cholesterol, protein, fiber, and free sugars) and the sum
of fruits and vegetables within the recommended range, with 1 point awarded for the
recommended intake of a given nutrient, and 0 points if intake was not consistent with
guidelines. The maximum score for an optimal diet was 7 points.
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In the present study, an HDI score equal to at least 5 points was arbitrarily assumed as
an indicator of a proper diet.

2.7. Statistical Analysis

The study participants were divided into four subgroups according to the quartile
distribution of DTAC for men and women separately and for the total group.

Quantitative variables are presented as the mean (standard deviation) and/or median
(interquartile range), while qualitative variables are reported as the number and percentage.
The Wilcoxon test and the chi-square test were used for comparisons between CVD and
non-CVD subgroups, if appropriate.

Mean values of antioxidants and/or polyphenol intake from food and supplements,
as well as the HDI score, with a 95% confidence interval (95% CI) were calculated by a
general linear model with the Tukey–Kramer adjustment for multiple comparisons. The
Cochran–Armitage test for trend was applied to assess for an association between the
prevalence of a proper diet (HDI ≥ 5) and DTAC over quartiles.

Logistic regression models were used to assess the relationship between DTAC and
the prevalence of CVDs. Three models were applied: model 1: crude in men and women
or adjusted for sex in the total group; model 2: adjusted for age, BMI, HDI, smoking
status, and alcohol intake in men and women and additionally for sex in the total group;
model 3: adjusted for age, BMI, HDI, smoking status, alcohol intake, educational level, and
physical activity in men and women and additionally for sex in the total group. The first
quartile (Q1) in each model was adopted as a reference. The results of logistic regression
analysis are presented as odds ratios (ORs) and 95% confidence intervals.

All statistical analyses were performed using SAS software version 9.4 (SAS Institute
Inc., Cary, NC, USA). A p-value less than 0.05 was considered statistically significant.

3. Results

Baseline characteristics of the study population according to CVDs for both sexes are
presented in Table 1. Among 5690 analyzed participants (2554 men and 3136 women),
1138 (20%) had CVD (494 men and 644 women). It was shown that CVD participants
were older (respectively: 62.3 ± 14.1 years vs. 46.4 ± 15.4 years), had higher BMI (re-
spectively: 28.8 ± 5.1 kg/m2 vs. 26.8 ± 5.1 kg/m2), consumed less fiber (respectively:
18.3 ± 8.2 g/day vs. 19.3 ± 8.7 g/day), and less frequently had a higher educational level
(respectively: 11.52% vs. 21.93%). On the other hand, people with CVDs were less likely
to smoke cigarettes (respectively: 16.9% vs. 24.87%) and consumed less energy (respec-
tively: 1755 ± 729 kcal vs. 2017 ± 867 kcal) and alcohol (respectively: 1.5 ± 10.2 g/day
vs. 2.7 ± 15.0 g/day). Over 50% of participants had a low level of physical activity. The
recommended moderate physical activity was more common in non-CVD in comparison
to CVD patients (16.14% vs. 11.89%). Moreover, CVD compared to non-CVD participants
more often had hypertension (68.7% vs. 39.3%), diabetes mellitus (22.84% vs. 7.81%),
hypercholesterolemia (79.33% vs. 66.25%), hypertriglyceridemia (32.17% vs. 27.39%), and
metabolic syndrome (52.2% vs. 31.5%).

Overall, CVD participants were older and less educated than those without CVD,
which could have resulted in poorer lifestyles (food choices and exercise) and the develop-
ment of obesity, diabetes, hypertension, and dyslipidemia. Health-promoting behaviors of
people with CVDs were limited to smoking and drinking less alcohol and consuming less
energy compared to people without CVDs. Therefore, further analyses were adjusted for
confounding factors.

A comparison of antioxidant intake from food and supplements between CVD and
non-CVD participants is shown in Table 2. The results were adjusted for age in men
and women and for sex and age in the total group. It was detected that the diet of non-
CVD subjects contained significantly more DTAC, DTPI, Fe, and Cu in comparison to
CVD subjects for men and the total group and more Zn compared to the total group.
However, after recalculation of the results per 1000 kcal of the diet, DTAC was significantly
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higher only in non-CVD relative to CVD men. Moreover, consumption of β-carotene
and Mn per 1000 kcal of the diet was significantly lower in non-CVD than in CVD men
and the total group. In women, no significant differences were found between CVD and
non-CVD participants.

Table 1. Baseline characteristics of the study population according to CVDs for both sexes and overall.

Variables

Men (n = 2554)

p

Women (n = 3136)

p

Total (n = 5690)

pCVD Non-CVD CVD Non-CVD CVD Non-CVD

n = 494 n = 2060 n = 644 n = 2492 n = 1138 n = 4552

Age [years], Mean ± SD 62.4 ± 13.2 45.5 ± 15.2 <0.0001 62.3 ± 14.8 47.1 ± 15.5 <0.0001 62.3 ± 14.1 46.4 ± 15.4 <0.0001

BMI [kg/m2],
Mean ± SD 28.5 ± 4.7 27.2 ± 4.5 <0.0001 29.0 ± 5.3 26.4 ± 5.6 <0.0001 28.8 ± 5.1 26.8 ± 5.1 <0.0001

Current smoking, n (%) 93 (18.90) 645 (31.36) <0.0001 99 (15.37) 486 (19.51) 0.0163 192 (16.90) 1131 (24.87) <0.0001

Educational level, n (%)

Under middle 118 (23.94) 258 (12.54) <0.0001 221 (34.32) 376 (15.11) <0.0001 339 (29.82) 634 (13.95) <0.0001

Vocational 156 (31.64) 642 (31.20) 110 (17.08) 464 (18.65) 266 (23.39) 1106 (24.33)

Middle 166 (33.67) 775 (37.66) 235 (36.49) 1034 (41.56) 401 (35.27) 1809 (39.79)

Higher 53 (10.75) 383 (18.61) 78 (12.11) 614 (24.68) 131 (11.52) 997 (21.93)

Physical activity, n (%)

Low level 257 (52.34) 1142 (55.60) 0.0039 363 (56.37) 1314 (52.96) 0.0403 620 (54.63) 2456 (54.16) 0.0017

Middle level 57 (11.61) 320 (15.58) 78 (12.11) 412 (16.61) 135 (11.89) 732 (16.14)

High level 165 (33.60) 535 (26.05) 187 (29.04) 705 (28.42) 352 (31.01) 1240 (27.34)

Seasonally 12 (2.44) 57 (2.78) 16 (2.48) 50 (2.02) 28 (2.47) 107 (2.36)

Energy [kcal/day],
Mean ± SD 2034 ± 829 2385 ± 947 <0.0001 1542 ± 555 1713 ± 654 <0.0001 1755 ± 729 2017 ± 867 <0.0001

Dietary fiber [g/day],
Mean ± SD 20.3 ± 8.7 21.1 ± 9.2 0.0733 16.8 ± 7.4 17.7 ± 7.8 0.0019 18.3 ± 8.2 19.3 ± 8.7 0.0005

Alcohol intake [g/day],
Mean ± SD 3.1 ± 15.1 5.0 ± 21.0 0.0111 0.3 ± 2.7 0.7 ± 6.4 0.0792 1.5 ± 10.2 2.7 ± 15.0 0.0014

Hypertension, n (%) 359 (73.27) 890 (43.84) <0.0001 418 (65.21) 874 (35.56) <0.0001 777 (68.70) 1764 (39.30) <0.0001

Diabetes mellitus, n (%) 129 (27.22) 161 (8.17) <0.0001 119 (19.44) 178 (7.51) <0.0001 248 (22.84) 339 (7.81) <0.0001

Hypercholesterolemia,
n (%) 401 (82.68) 1376 (68.97) <0.0001 493 (76.79) 1563 (64.03) <0.0001 894 (79.33) 2939 (66.25) <0.0001

Hypertriglyceridemia,
n (%) 181 (38.19) 699 (35.50) 0.2742 168 (27.50) 494 (20.70) 0.0003 349 (32.17) 1193 (27.39) 0.0018

Metabolic syndrome,
n (%) 272 (55.06) 728 (35.34) <0.0001 322 (50.00) 706 (28.33) <0.0001 594 (52.20) 1434 (31.50) <0.0001

CVD—cardiovascular disease; SD—standard deviation; n—number. Differences between quantitative and
qualitative variables were tested by Wilcoxon rank sum test or Chi2 test, respectively.

Antioxidant intake from food and supplements by quartiles of DTAC in men, in
women, and in the total group is listed in Table 3. The results were adjusted for age in men
and women and for sex and age in the total group. It was shown that higher DTAC was
associated with higher DTPI, intake of antioxidant vitamins (C, E, and β-carotene), and
minerals (Zn, Fe, Mn, and Cu) in men, women, and the total group. After recalculation of
the results per 1000 kcal of the diet, significant positive associations were found only for
DTPI, vitamin C, and Cu in men and women and for DTPI, vitamin C, Fe, Mn, and Cu in
the total group. However, inverse associations were found for Zn per 1000 kcal of diet in
men and women and β-carotene and Zn per 1000 kcal of the diet in the total group.

The prevalence and OR (95% CI) of CVDs by quartiles of DTAC are shown in Table 4.
Among men, the mean percentage of CVD prevalence was 23.1% in the first quartile (Q1),
21.8% in the second quartile (Q2), 17.2% in the third quartile (Q3), and 15.2% in the fourth
quartile (Q4). Among women, it was: Q1—23.7%; Q2—21.1%; Q3—18.3%; and Q4—19.0%.
In the total group, the prevalence of CVD was: Q1—23.3%; Q2—21.4%; Q3—18.1%; and
Q4—17.2%. The prevalence of CVDs decreased significantly with increasing DTAC.
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When the analysis was adjusted for multiple variables (model 3), the OR of CVDs
in men was 30.2% lower in Q3 (OR = 0.698, 95% CI = 0.504–0.967, p = 0.0306) and 39.0%
lower in Q4 (OR = 0.610, 95% CI = 0.436–0.855, p = 0.0041) in comparison to Q1. In women,
the OR of CVDs was 27.4% lower in Q3 (OR = 0.726, 95% CI = 0.550–0.958, p = 0.0237)
relative to Q1. In the total group, the OR of CVDs was 27.4% lower in Q3 (OR = 0.726, 95%
CI = 0.588–0.895, p = 0.0028) and 24.8% lower in Q4 (OR = 0.752, 95% CI = 0.605–0.935,
p = 0.0102) in comparison to Q1.

The mean values of HDI, after adjustment for age in men and women and additionally
for sex in the total group, are presented in Figure 1. The average HDI increased significantly
across quartiles of DTAC from 2.83 (95% CI = 2.72–2.92) to 3.63 (95% CI = 3.53–3.73) in men,
from 2.95 (95% CI = 2.87–3.04) to 3.64 (95% CI = 3.55–3.72) in women, and from 2.89 (95%
CI = 2.83–2.96) to 3.63 (95% CI = 3.57–3.70) overall.

Figure 1. Distribution of HDI score (HDI ≥ 5 vs. HDI ≤ 4) and average HDI score (95% CI) by
quartiles of DTAC. Mean HDI adjusted for age in men and women and additionally for sex in the
total group. pt—p-value for trend test; p12, p13, and p14—p-values for comparisons with reference
quartile Q1. DTAC—dietary total antioxidant capacity; HDI—Healthy Diet Indicator. Difference
between average HDI was tested using a general linear model with Tukey–Kramer adjustment for
multiple comparisons, while the distribution of HDI was tested by Cochran–Armitage test for trend.
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Furthermore, the percentage of people who followed a healthy diet was also associated
with an increase in DTAC. In our study, a proper diet (HDI ≥ 5) was followed by 6.6% and
24.6% of men, 9.2% and 24.5% of women, and 8.2% and 24.6% of the total in the first (Q1)
and fourth (Q4) quartiles of DTAC, respectively (Figure 1).

4. Discussion

In the present study, we evaluated for the first time the relationship between DTAC,
measured by the FRAP method, and the prevalence of CVDs in a representative sample
of the Polish adult population (WOBASZ II study). It was found that higher DTAC was
associated with a lower prevalence of CVDs. The odds ratio of developing CVD, after
adjustment for confounding variables (model 3), was 24.8–39.0% lower in the third and
fourth quartiles in comparison to the first quartile of DTAC.

CVDs are the leading cause of death and disability around the world [1]. While genetic
and environmental contributors to developing CVD are important, modifiable risk factors
associated with lifestyle also play a large role. Food choices influence the development of
obesity, hypertension, and dyslipidemia, which increase the risk of CVD [31]. Therefore,
guidelines for the prevention of CVDs also include healthy diet strategies [20]. In our
study, people with CVDs were more likely to have obesity, hypertension, diabetes mellitus,
hypercholesterolemia, hypertriglyceridemia, and metabolic syndrome.

A large body of evidence supports the intake of natural nutrients such as polyphe-
nols [32] and antioxidant vitamins [33], as well as dietary patterns such as the Mediter-
ranean diet [34], Dietary Approaches to Stop Hypertension [35], the Nordic Diet [36], and
Traditional Asian Diets [37–39], can prevent CVDs. The findings of three large prospective
cohorts with up to 32 years of follow-up showed that greater adherence to various healthy
eating patterns was associated with a lower risk of CVD [40]. Healthy dietary patterns share
common characteristics based on higher consumption of vegetables, fruits, legumes, nuts
and seeds, and whole grains, which are the most important sources of antioxidants [41]. In
contrast to natural antioxidants, exogenous supplementation of antioxidant vitamins and
minerals in people without nutritional deficiencies has no beneficial effects on the preven-
tion of CVDs [42]. The findings of the NHANES study showed that US adults with high
DTAC showed higher adherence to popular diet quality index scores: HEI-2015 (Healthy
Eating Index-2015), AHEI-2010 (Alternative Healthy Eating Index-2010), aMED (alternate
Mediterranean Diet), and DASH (Dietary Approaches to Stop Hypertension). However, in
this study, dietary total antioxidant capacity was measured using the ABTS (2,2′-azino-bis-
3-ethylbenzthiazoline-6-sulphonic acid) assay in individual dietary antioxidant vitamins
and polyphenols and expressed as the sum of individual antioxidant capacities [43]. In our
study, DTAC measured by the FRAP method was positively associated with the intake of
individual dietary antioxidants (from foods and supplements), such as total polyphenols,
antioxidant vitamins (C, E, and β-carotene), and minerals (Fe, Zn, Cu, and Mn (as antioxi-
dant enzyme cofactors)). However, after recalculation of the results per 1000 kcal of the diet,
significant positive associations were found only for DTPI, vitamin C, and Cu in men and
women and for DTPI, vitamin C, Fe, Mn, and Cu in the total group. Surprisingly, inverse
associations were found for Zn in men and women and for β-carotene and Zn in the total
group. The measurement of the total antioxidant potential of the diet includes different
individual antioxidants with synergistic, additive, or inverse effects. The consumption of
individual antioxidants was measured in both the diet and supplements, while excessive
consumption of antioxidants with supplements may have a pro-oxidative effect.

In this study, DTAC was positively associated with healthy diet quality measured by
the HDI score, although the quality of the diet in the Polish adult population was relatively
low (mean HDI less than 4 in men, women, and total).

Dietary antioxidants can support the action of endogenous antioxidants (enzymatic,
e.g., superoxide dismutase, glutathione peroxidase, and catalase, and non-enzymatic, e.g.,
glutathione, metal-binding proteins, uric acid, melatonin, and bilirubin) in alleviating the
destructive effects of oxidative stress, e.g., can inhibit LDL-C oxidation and prevent en-
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dothelial dysfunction. The overproduction of free radicals (ROS—reactive oxygen species;
RNS—reactive nitrogen species) in oxidative stress can damage the body’s DNA, as well
as proteins and lipids, and lead to non-communicable diseases, including CVDs. There is
emerging evidence that inflammatory mechanisms and oxidative stress lead to atheroscle-
rosis, arterial hypertension, arterial fibrillation, and heart failure. However, increasing
oxidative stress can be considered a contributing factor, not the primary pathophysiologic
mechanism, because CVDs are very complex in their pathogenesis [44].

In previous population studies, DTAC, measured by different methods, was inversely
associated with prediabetes, insulin resistance, and diabetes [14,45,46], cancer [47], my-
ocardial infarction [48], heart failure [49], and stroke [50]. In a large cross-sectional study,
DTAC, measured by the FRAP method, was inversely associated with the hypertriglyc-
eridemic waist phenotype and amputation due to arterial disease in people undergoing
secondary care for CVDs [12]. In another cross-sectional study, high DTAC, measured by
the FRAP method, had a protective effect against oxidative DNA damage in individuals at
cardiovascular risk [51]. Findings from a meta-analysis of prospective cohort studies have
shown that high DTAC was associated with a lower risk of mortality from all causes, cancer,
and CVDs. In addition, a 5 mmol/day increase in DTAC, based on the FRAP method, was
associated with a 7% lower risk of all-cause mortality [11].

Population studies on the relationship between DTAC, measured by the FRAP method,
and CVDs are quite limited. Therefore, further research is needed to investigate these
associations and mechanisms of action.

Limitations

The present study has some strengths and limitations. The strength of this study
is that it was a cross-sectional study conducted on a large, representative sample of the
adult Polish population. Moreover, dietary antioxidants were calculated from foods and
supplements. The first limitation of this study is the use of a single 24 h recall, which does
not take into account habitual food intake, although this method is commonly used in large
population studies [43]. Moreover, participants who indicated that their 24 h recall differed
from their typical diet (usual eating habits, typical of most days of the year) were excluded
from the study. The second limitation is that the FRAP database, although very extensive,
did not contain all foods, beverages, herbs, and supplements. Thirdly, this study did not
take into account the consumption of selenium, which is also a component of antioxidant
enzymes, because Polish Food Composition Tables do not contain this micronutrient.

5. Conclusions

This study demonstrated that a higher quartile of DTAC was significantly associated
with a reduced odds ratio for cardiovascular diseases in the Polish adult population, as
well as with a higher Healthy Diet Indicator. Therefore, dietary recommendations for
the prevention and therapy of cardiovascular diseases should take into account a high
DTAC. DTAC, measured by the FRAP method, can be considered an indicator of healthy
diet quality.
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Abstract: Non-alcoholic fatty liver disease (NAFLD) is considered the most common liver injury
worldwide. NAFLD can evolve into non-alcoholic steatohepatitis (NASH) with or without fibrosis.
The objectives of this study were to determine the nutritional profile and dietary patterns of NAFLD
Lebanese patients and to report the type of diet-related to the presence of hepatic fibrosis. We
hypothesized that the traditional pattern was related to a low risk of fibrosis. This cross-sectional
study included 320 eligible Lebanese NAFLD patients. Three dietary patterns were identified: the
Traditional diet, the High Fruit diet, and the Westernized diet. Multivariate analysis showed a
significant relationship between high adherence to the traditional diet and absence of hepatic fibrosis
with a decreased risk of 82%, p = 0.031 after adjusting for its covariables. Fruits were absent from
this dietary pattern. Although our results pointed to a possible relationship between fibrosis in
NAFLD patients and fruit intake, experimental studies are needed to show whether this is a causal
relationship. However, the results obtained in this study may contribute to the planning of dietary
interventions and recommendations and enable a better follow-up for NAFLD patients with fibrosis.

Keywords: hepatic fibrosis; dietary patterns; the traditional diet; the high fruit diet

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is considered the most known liver injury
in the USA and probably worldwide [1]. The simplest form of this disease is the pure
fatty liver, which is characterized by the accumulation of triglycerides in hepatocytes at a
percentage greater than 5% of the total number of cells [2]. The prevalence of the disease
varies remarkably according to the diagnostic tools (liver biopsy, radiological tests, and
blood tests) and the chosen population [2]. It is approximately 20 to 30% in the Middle East
and in obese patients, the prevalence has ranged from 50 to 90% [3]. Concerning gender,
some studies have shown that the prevalence of the disease is two to three times higher in
men than in women [4].

NAFLD can progress into non-alcoholic steatohepatitis (NASH), which is defined as
steatosis associated with inflammatory lesions and hepatocyte ballooning with or without
fibrosis [5]. NASH can progress into cirrhosis and ultimately into hepatic cellular carci-
noma [5]. Recently, studies have shown a positive association between the characteristics of
the metabolic syndrome and NAFLD/NASH, especially abdominal obesity, hyperglycemia,
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hypertriglyceridemia, dyslipidemia, and arterial hypertension [6]. Non-alcoholic fatty liver
disease is recognized as the liver manifestation of metabolic syndrome [6].

A biopsy is considered the most reliable method for detecting the presence of NAFLD
and for assessing the inflammatory state of the liver as well as the presence or absence of
fibrosis [7]. Nevertheless, it is rarely used in clinical practice because of its invasive nature
and potential complications. Other non-invasive methods have emerged, such as liver
biological tests and especially the NAFLD Fibrosis Score (NFS), which is defined as follows:

NFS score = −1.675 + 0.037 × age (years) + 0.094 × BMI
(
kg/m2)+ 1.13 × diabetes (yes/no)+

0.99 × ASAT/ALAT − 0.013 × platelet count (109 Giga/L)× (−0.66) albumin (g/dL).

Values less than −1.45 indicate a state of non-fibrosis, values between −1.45 and 0.67
indicate a possible presence of fibrosis, and values above 0.67 indicate advanced fibrosis [8].

Dietary patterns have a significant impact on the biological and physical profile of
patients [5]. The use of dietary patterns in establishing an association between dietary
intake and NAFLD, mainly in its advanced stage, is of importance. This will enable the
investigation and measure of the overall diet, which is more likely to be associated with
NAFLD than each studied nutrient or single food [9].

Currently, there is no data on the prevalence of NAFLD in Lebanon and no studies de-
scribe the nutritional profile of NAFLD Lebanese patients with fibrosis. This observational
cross-sectional study could be a preliminary study for more powerful ones such as cohorts
and experimental studies. The main objectives were to analyze the dietary patterns and
nutritional profile of Lebanese NAFLD patients in relation to the absence or presence of
hepatic fibrosis. The main hypothesis was that the traditional diet was inversely associated
with the presence of fibrosis.

2. Materials and Methods

2.1. Study Design

From November 2014 to June 2019, 500 Lebanese participants aged between 18 and
70 years, visiting an outpatient clinic of the department of gastroenterology in an academic
hospital in Beirut, were invited to participate in the study after providing their informed
consent. Four hundred patients diagnosed with NAFLD were recruited according to the
inclusion criteria. Three hundred and twenty Lebanese patients completed the clinical,
anthropometric, and dietary data. The response rate was 80%, which is statistically satisfac-
tory. Figure 1 summarizes the course of the study. This sample size corresponded to the
expected proportion (30%) of NAFLD patients with a confidence interval of 95% and an
inaccuracy gap of 5% [10].
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Figure 1. Flow chart for selection and enrolment of the study participants. NAFLD: Non -Alcoholic
Fatty Liver Disease, FFQ Food Frequency Questionnaire [11], International Diabetes Federation
(IDF) [12].

2.2. Sample Selection, Inclusion Criteria

Eligible patients were Lebanese men and women without: (1) biliary diseases or
recognized cirrhosis; (2) infection with hepatitis A, B, or C virus; (3) genetic metabolic
disease; (4) auto-immune liver diseases; (5) type 1 diabetes. Other inclusion criteria
were (6) non-pregnancy among women; (7) less than or equal to two servings/day of
alcohol consumption; and (8) the absence of drugs inducing hepatotoxicity (tamoxifen,
steroids, amiodarone).

2.3. Study Protocol

The 320 patients were recruited and subsequently solicited for a face-to-face interview.
These patients were recognized as having NAFLD following abdominal ultrasound by the
same radiologist and with the same equipment (Hitachi-Aloka ProSound F75, Tokyo, Japan).
The liver steatosis was estimated with the evaluation of the image brightness of the echo
pattern. Abdominal ultrasound cannot identify hepatic fat deposition if it is less than 33% of
the total liver and, accordingly, all patients with a lower percentage were categorized as free
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of the disease. A blood test, after a 10-h overnight fast, was requested during the interview
with the patients after obtaining their informed consent. Serum samples were obtained from
the coagulated blood after centrifugation and were immediately stored at −20 ◦C. Serum
fasting blood glucose (mmol/L), triglycerides (mmol/L), ALAT (U/L), ASAT (U/L) HDL-C
(mmol/L) and Albumin (g/dL) were assayed spectrophotometrically on Cobas c 501 (Roche,
Germany). The serum insulin level (U/L) was measured by Electrochemiluminescence
immunoassay (ECLIA) on a Cobas c 501 (Roche, Germany) and serum platelet count
(Giga/L) was determined by Yumizen H2500/H1500 (Horiba, Japan). The reference values
of the different biological parameters such as transaminases, albumin, platelets, and insulin
corresponded to the reference values of the hospital laboratory. The blood pressure (mmHg)
was taken using a manual blood pressure monitor (Bokang, China, 2009).

2.4. Measuring Tools

Other measuring tools included a face-to-face interview and anthropometric mea-
surements. Dietary information was obtained using two questionnaires: a food frequency
questionnaire (Harvard, Nurses’ Health Study, 2016) [11] translated into Arabic and adapted
to Lebanese food, and two 24-hr recalls which summarize typical weekdays and weekend
days (Supplementary Materials) It was administered by the same dietician throughout
the study, thereby limiting inter-investigator errors. It included the quantitative variables
such as age (years), body mass index (BMI) (kg/m2) and socio-demographic qualitative
variables such as gender, marital status, place of residence and birth, and occupation.
Other qualitative questions referred to family history of obesity (limited to first-degree
relatives), the presence of diabetes mellitus and dyslipidemia, and drug and supplement
intake during the six months prior to diagnosis.

Questions about practicing physical activity, smoking status, and the number of
cigarettes/day (qualitative variables) were asked. Physical activities were classified into
two categories: mild/moderate or vigorous, according to the Centre for Disease Control
Guidelines (CDC, 1993) [13]. Activities such as such as walking, housework, and gardening
were considered mild or moderate (3.5 Kcal/min), while tennis, football, or fast swimming
were considered vigorous (7 Kcal/min). Patients were vigorously active if the activity
was vigorous and exceeded 20 min/day and was performed at least three times/week. It
was considered moderate if the activity was moderate and exceeded 30 min/day and was
performed at least five times/week and was during the last three months before the start of
the study [14].

Photos with portion measurements (Numed, s. a. r. l) were used to determine the daily
portion of different foods [15]. Certified software (Nutrilog, France, version 2.33) was used
to analyze and determine the composition of different foods in micro and macronutrients.
The frequency category selected for food (monthly, weekly, or daily) has been converted
into a daily intake. The software analyzed the total daily energy intake of patients and the
dietary composition of micro and macro-elements of different foods consumed. Fructose, ω-
3, ω-6, Eicosapentaenoic acid (EPA) and Docosahexaenoic acid (DHA) intake was calculated
according to the US Department of Agriculture (USDA) [16]. The database (1970) of the
American University of Beirut was used for some national ingredients or recipes. Food
fructose was analyzed as free fructose and/or as fructose from sucrose. Simple sugar has
been defined as disaccharides and/or monosaccharides naturally present in foods or added
sugar in commercial foods.

Questions such as the type and frequency of dietary supplements and vitamins, the
frequency of fruit portions, soft drinks, and others (weekly, monthly, or daily), and the type
of oil used in cooking were asked. To minimize response biases, the questionnaire included
duplicate questions and patients were interviewed prior to their knowledge of the presence
of fatty liver (Supplementary Materials).

Anthropometric measures such as weight (kg) and height (cm), BMI (kg/m2) were
taken by the same nutritionist and the same mechanical balance and stadiometer. The waist
circumference (cm) and the hip circumference (cm) were taken by the same calibrated band
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throughout the study (average of three consecutive measures for each variable). Patients
were classified as obese, overweight, or normal weight according to the WHO obesity
classification, 2004: normal weight (BMI between 18 and 24.9 kg/m2), overweight (BMI
between 25 and 29.9 kg)/m2) and obese (BMI > 30 kg/m2) [17].

Insulin resistance was studied by an evaluation index, the Homeostasis Model Assess-
ment of Insulin Resistance (HOMA-IR). This index is calculated using the following for-
mula: HOMA-IR = f asting plasma glucose (mmol/L)× f asting serum insulin (U/l)/22.5.
A value greater than 3 indicates a state of insulin resistance [18]. Parameters that met the
criteria of the International Diabetes Federation (IDF 2009) were identified to categorize
patients with or without metabolic syndrome [12]. All clinical parameters were analyzed at
the hospital laboratory using standard methods. Patients who were on drugs for hyperten-
sion, hyperglycemia or dyslipidemia were classified with metabolic syndrome regardless
of laboratory findings.

2.5. Validity and Reproducibility of the Food Frequency Questionnaire

The reliability and validity of the Food Frequency Questionnaire (FFQ) were tested
in a previous study [19]. The FFQ questionnaire was adapted from the Harvard Nurses’
Health Study, 2016, taking the general format (once/month, once/week, two to three
times/week etc.). It was translated into Arabic and modified to Lebanese food items. It
was administered into the native language, Arabic, and in a face-to-face method, by the
same nutritionist throughout the study. The reproducibility of the FFQ was confirmed by
administering it to 50 patients at the start of the study, prior to diagnosis. The re-interview
of this subsample by the same nutritionist after one month yielded an interclass correlation
co-efficient (ICC) = 0.957 (0.917–0.978), p = 0.0001 for energy intake/day of all participants.
According to macronutrient intake/day, such as the percentage of carbohydrates and
proteins of total energy intake/day, ICC varied between 0.969 (0.939–0.984) and 0.961
(0.924–0.980), respectively (p = 0.0001).

This coefficient corresponds to the agreement in energy intake/day (kcal/day) and
macronutrients intake/day (g) or in their percentage of the total energy intake at two time
points for each participant.

The estimate of validity was performed, using Bland-Altman analyses, on 100 patients,
prior to diagnosis, who fulfilled both the FFQ questionnaire and the two 24-h recalls. The
difference in dietary intake between the FFQ and the mean of estimated nutrients of both
24-h recalls was plotted on the Y axis, and the mean intake of both tools on the X axis.
Most data points were clustered around the mean difference line between the two limits of
agreement [19].

2.6. Ethical Considerations

The present study has complied with all ethical principles according to the revised
Helsinki Declaration, 1975. The study has guaranteed the confidentiality and anonymity of
the data. An informed consent letter was distributed and signed by the patients. The study
started after obtaining the consent of the Ethics Committee of Saint Joseph University of
Beirut (CEHDF 351) and was supported with grants by the research council of Saint Joseph
University, Lebanon (FPH 34).

2.7. Analysis Plan and Statistical Tests

Descriptive data such as age, BMI, and waist circumference were presented as means
and standard deviation. Categorical variables, such as gender, family history of obesity,
cardiovascular disease (CVD), or type 2 diabetes were presented as frequency and per-
centage. Correlational studies were done by the chi-square test (bivariate study). Log10
of all quantitative variables with non-normal distribution was used. Logistic regression
identified the main independent predictors of the absence or presence of fibrosis after
adjustment for covariates. The score of each dietary pattern was entered as an independent
variable with other co-variables. The threshold of significance was set at 5%. A statistical
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analysis was performed on SPSS 20 for Windows (IBM Corp., Released 2011, IBM SPSS
Statistics for Windows, version 20.0. Armonk, NY, USA, IBM corp.)

Factor analysis was applied to extract dietary patterns from the FFQ. Food items were
grouped into 25 groups according to food family and nutrient profile (Supplementary
Materials). The total consumption for each food group was set by determining the daily
intake of servings from each item in this group. by The Kaiser Meyer-Olkin measure of
sampling adequacy value was 0.788. The Bartlett’s test of sphericity value was significant
(p < 0.0001). The number of components to extract was based on the Kaiser criterion
(eigenvalues > 1), the change in the shape of the scree plot, and the loading of the items
in the components generated (component matrix). Varimax rotation was conducted, and
dietary patterns were named according to food groups with a factor loading greater than
0.2. Each participant had a factor score for each dietary pattern. The factor score for each
participant was calculated by the Anderson and Rubin (1956) method [20]. The Traditional
Lebanese pattern represents a group of related variables such as vegetables, chickpeas, red
beans, olive oil, almonds, walnuts, and fish with a correlation matrix of r > 0.3. The High
Fruit Pattern represents a group of related variables, all belonging to fruit families, such
as plums, peaches, apricots, and apples. The variables of The Westernized pattern which
represent an r > 0.3 were mainly beef meat, chicken, chips, carbonated beverages, pizza,
and hot dogs. We also categorized patients into low, medium, and high adherence to each
nutrient and dietary pattern based on tertiles of nutrients and dietary pattern scores. The
association of dietary patterns and nutrients with hepatic fibrosis status (absence/presence
or at risk) was determined using binary logistic regression. We defined three models with
the crude one to compute multivariable–adjusted odds ratios (ORs).

3. Results

3.1. Variation of Age, Sociodemographic, Clinical, and Biochemical Parameters of the NAFLD
Patients between the NFS Group (<−1.45/≥−1.45)

Values of the NFS score which are less than −1.45 indicate a state of non-fibrosis, while
values ≥ −1.45 indicate a possible fibrosis [8]. The mean age (years) of the sample was
43.34 ± 0.12 (Table 1), and the risk of fibrosis was associated with increasing age (p = 0.0001).
However, no significance was found in the risk of fibrosis according to sex, environmental,
social status, and education. In total, 34.7% of participants lived in the Mount Lebanon
district and 24.1% lived in Beirut. The remaining participants (35.9%) lived in the various
Lebanese regions such as the North, South, Nabatiyeh, and Beqaa, with 5.3% living abroad.
Regarding social status and education, 75.9% of the participants were married, 52.8% were
university students and 0.9% were illiterate. The risk of fibrosis was significant according to
the profession; 43.1% were self-employed, 31.2% were employees, and 21.2% were retired
or unemployed (p = 0.001). There was no association between high economic status and risk
of fibrosis, and 77.1% of participants had a crowding index (amount of residents/number
of rooms) ≤1 (Table 1).

In total, 63.7% of the sample were obese (Table 1) and 83.9% had metabolic syndrome
parameters. In addition, 21.2% had type 2 diabetes and 49.4% had Homa-IR > 3. As for
family history, 84.7% of patients had a family history of cardiovascular diseases and/or
diabetes, and/or obesity (Table 1). The presence of obesity, CVD, diabetes type 2 as well as
the ratio of ASAT/ALAT were significantly different according to the NFS scores (p < 0.05).
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Table 1. Sociodemographic, clinical, and environmental parameters according to the NFS scores (n =
320).

NFS Scores

p-Value

Total (n = 320)

<−1.45
n = 191

≥−1.45
n = 129

Age (years), mean ± SD 40.04 ± 0.11 47.65 ± 0.13 0.0001 43.34 ± 0.12
Sex

Male 125 (65.5%) 88 (67.9%)
0.778

213 (66.5%)
Female 66 (34.5%) 41 (32.1%) 107 (33.6%)

Place of residence, n (%)
Mount Lebanon 57 (29.8%) 54 (41.9%)

0.314

111 (34.7%)
North 23 (11.9%) 6 (4.7%) 29 (9.1%)
South 14 (7.4%) 9 (6.9%) 23 (7.2%)
Beirut 47 (24.4%) 30 (23.6%) 77 (24.1%)
Bekaa 22 (11.4%) 11 (8.5%) 33 (10.3%)

Nabatieh 17 (9.1%) 13 (10.1%) 30 (9.3%)
Abroad 11 (5.7%) 6 (4.7%) 17 (5.3%)

Marital Status, n (%)
Single 42 (22.0%) 24 (18.9%)

0.853

66 (20.6%)
Married 144 (75.4%) 100 (77.5%) 244 (75.9%)
Divorced 3 (1.6%) 4 (2.8%) 7 (2.10%)

Widow/er 2 (1.04%) 1 (0.8%) 3 (1.10%)
Academic level, n (%)

Illiterate 1 (0.6%) 2 (1.5%)

0.329

3 (0.9%)
Elementary 15 (8.0%) 18 (13.9%) 33 (10.3%)

Intermediate, Secondary 72 (37.4%) 43 (33.3%) 115 (35.9%)
University 103 (54.0%) 66 (51.2%) 169 (52.8%)

Occupation, n (%)
Self-employed 85 (44.6%) 53 (41%)

0.001

138 (43.1%)
Employee 60 (31.4%) 40 (31.4%) 100 (31.2%)

Retired/unemployment 36 (18.9%) 32 (24.7%) 68 (21.2%)
Others 10 (5.2%) 4 (3.1%) 14 (4.4%)

Crowding index †, n (%)
≤1 144 (75.4%) 103 (79.8%)

0.53
247 (77.1%)

>1 47 (24.6%) 26 (20.2%) 73 (22.9%)
Presence of metabolic syndrome, n (%) 155 (81.2%) 114 (88.5%) 0.156 269 (83.9%)

Obesity (yes), n (%) 103 (53.9%) 101 (78.2%) 0.001 204 (63.7%)
CVD (yes), n (%) 8 (4.2%) 21(16%) 0.0001 29 (9.1%)

Family medical history (yes), n (%) 167 (87.6%) 104 (81.0%) 0.182 271 (84.7%)
Smoking (yes), n (%) 78 (40.8%) 55(42.6%) 0.187 133 (41.5%)

Physical Activities (Kcals)(yes) 41 (21.46%) 23 (17.82%) 0.469 64 (20%)
Energy intake (kcal), (M), mean ± SD 4525.8 ± 0.2 4127.6 ± 0.2 0.110 4162.9 ± 0.2
Energy intake (kcal), (F), mean ± SD 2829.4 ± 0.2 2731.5 ± 0.3 0.737 2747.3 ± 0.3
Waist circumference (cm) (M)≥ 94 §

(F) ≥80 §
130 (68.2%)
180 (94.5%)

107 (83.0%)
127 (98.7%)

0.006
0.129

237 (74.2%)
307 (96.0%)

Waist/hip ratio
(M) > 0.90 §

(F) > 0.85 §

144 (75.6%)
171 (89.8%)

103 (79.6%)
124 (96.1%)

0.438
0.058

247 (77.3%)
295 (92.2%)

Diabetes type 2, n (%) 25 (13.0%) 43 (33.0%) 0.0001 68 (21.2%)
Homa > 3, n (%) 92 (48.3%) 66 (51.5%) 0.697 158 (49.4%)

ASAT/ALAT ≥ 1 29 (15.3%) 34 (26.4%) 0.032 63 (19.7%)
Current dietary ** supplementation

use, n (%) 81 (42.4%) 70 (54.3%) 0.053 151 (47.2%)

Continuous variables were reported as geometric means± standard deviations. Categorical variables were
reported as numbers and percentage. Statistical tests used: independent, t-test (continuous variables), test χ2-test
(categorical variables). SD, standard deviation, p < 0.05. † crowding index: amount of residents/number of
rooms. § waist circumference and waist to hip ration: values according to the IDF, 2009 (M/F). ** Current dietary
supplementation use; 75% of supplements were Vit D.
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3.2. Dietary Patterns

In this study, three dietary patterns were generated: The Traditional Lebanese, the
High Fruit, and the Westernized diet. In total, 33.70% of NAFLD patients followed the
Traditional diet (40.60% females, 30.20% males), (Figure 2). The adherence was almost the
same for the High Fruits diet group (total 33.70%; 33.90% males, 33.30% females) and the
Westernized diet group (total 32.60%; 35.90% males, 26.10% females). The Traditional diet
contributed to 18.22% of the total variance. The High Fruit diet accounted for 9.84% of the
total variance and the Westernized diet explained 7.22% of the total variance (Table 2).

 

Figure 2. Dietary patterns distribution between males and females (n = 320).

Table 2. Factor loading matrix for the three identified dietary patterns in the study population.

Food Group
Pattern

Traditional Lebanese High Fruits Westernized

Vegetables 0.85
Chickpeas, red beans,

lentils, peas 0.50

Vegetable oil/olives 0.33 0.20
Almonds, walnuts,
hazelnuts, sesames 0.27

Fish 0.21
Sea Food 0.36
Red Wine 0.21

Fruits and fruit juices 0.73
Hamburger and fries 0.63

Beef meat 0.53
Chicken 0.53

Carbonated
beverages 0.52

Pizza 0.52
Chips 0.50
Pork 0.41

Hot Dog 0.45
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Table 2. Cont.

Food Group
Pattern

Traditional Lebanese High Fruits Westernized

Ketchup 0.50
Mayonnaise or

mustard 0.41

1 chicken egg 0.44
Spaghetti or noodles 0.41

Cooked rice 0.24 0.39
Pies or fatayer 0.39

Bread 0.27
Desserts, Arabic

pastries 0.30

Milk chocolate 0.39
Laban/Lebanese

yogurt 0.25

Energy drink 0.22
Beer 0.21

Pop Corn 0.20
Percent variance

explained by each
pattern

18.22% 9.84% 7.22%

Extraction method: principal component analysis; Rotation method: Varimax with Kaiser normalization; Absolute
values ≤ 0.2 were excluded from the table.

3.3. Association between Dietary Patterns and Sociodemographic, Environmental, and Clinical
Characteristics in the Study Population

The traditional pattern was associated with aging (years) (OR: 1.60; 95% CI: 1.03–
1.09) which was inversely associated with a westernized one (OR: 0.92; 95% CI: 0.89–0.95),
(Table 3). The latter was positively associated with an increase in BMI, p < 0.05. The
traditional pattern was highly associated with the university level (OR: 2.90; 95% CI:
1.50–5.76), which was inversely associated with a High Fruit diet (p < 0.05).

Table 3. Association between dietary patterns, sociodemographic and clinical characteristics in the
study population.

Traditional Lebanese High Fruits Westernized
OR CI OR CI OR CI

Age (years) 1.60 1.03–1.09 * 1.01 0.98–1.03 0.92 0.89–0.95 *
BMI (kg/m2) 0.90 0.91–1.02 0.95 0.89–1.01 1.11 1.04–1.18 *
Education **
(university

level/others)
2.90 1.50–5.76 * 0.50 0.27–0.91 * 0.76 0.39–1.48

* Test statistic; Multivariate -adjusted OR (95% CI) using binary logistic regression, p < 0.05. The Model was
adjusted for gender, crowding index, presence of metabolic syndrome (no/yes), physical activity (yes/no), family
history (no/yes), marital status (married, single, widow), smoking (no/yes) and profession (freelance, employee,
unemployed, retirement and others). ** Education (university level versus illiterate, primary, secondary, and high
school level).

3.4. Hepatic Fibrosis across Tertiles (T) of Dietary Pattern Scores

The risk of hepatic fibrosis across tertiles of the three dietary pattern scores is pre-
sented in Table 4. The association between the high adherence versus low adherence to
the traditional pattern became statistically significant after adjustment for confounding
variables. In the crude model, high adherence versus low adherence to the traditional
pattern was associated with low odds of fibrosis (OR: 0.36; 95% CI: 0.13–1.03). In the third
model, after further adjustment with the confounding variables, a significant decrease in
the trend of odds of fibrosis was reported with high adherence versus low adherence to the
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traditional pattern (OR:0.18; 95% CI: 0.04–0.85). The other dietary patterns (High Fruits
and Westernized patterns) showed no significant association with hepatic fibrosis, p > 0.05.

Table 4. Hepatic fibrosis across tertiles (T) of dietary pattern scores.

Dietary Pattern
T1

(Low Adherence)
T2

(Medium Adherence)
T3

(High Adherence)
p-Trend

Traditional Lebanese
Crude Model Ref * 0.41 (0.15–1.12) 0.36 (0.13–1.03) 0.057

Model 1 Ref 0.31 (0.99–1.18) 0.21 (0.07–0.82) ‡ 0.024
Model 2 Ref 0.32 (0.07–1.21) 0.18 (0.04–0.79) ‡ 0.023
Model 3 Ref 0.42 (0.11–1.96) 0.18 (0.04–0.85) ‡ 0.031

High Fruits
Crude Model Ref 1.22 (0.42–3.53) 0.98 (0.32–3.02) 0.969

Model 1 Ref 1.68 (0.39–7.11) 1.05 (0.24–4.69) 0.943
Model 2 Ref 1.59 (0.32–7.93) 1.06 (0.21–5.35) 0.946
Model 3 Ref 2.53 (0.43–14.97) 1.78 (0.28–11.17) 0.537

Westernized
Crude Model Ref 1.51 (0.47–4.82) 1.03 (0.31–3.39) 0.956

Model 1 Ref 1.78 (0.53–6.01) 1.41 (0.38–5.28) 0.606
Model 2 Ref 2.43 (0.59–9.99) 1.19 (0.28–5.02) 0.813
Model 3 Ref 2.22 (0.51–9.61) 1.04 (0.24–4.51) 0.959

‡ Test statistic; Multivariate -adjusted OR (95%CI) using binary logistic regression, p < 0.05. The Model 1 was
adjusted for age, gender, and the crowding index. Model 2; Model 1 + presence of metabolic syndrome (no/yes),
physical activity (yes/no), obesity (no, yes), diabetes type 2 (no, yes), family history (no/yes) and smoking
(no/yes). Model 3; Model 2 adjusted for marital status (married, single, widow), education (illiterate, primary,
high school, and university) and profession (freelance, employee, unemployed, retirement and others). * Ref
referred to the first tertile of dietary pattern (low adherence to the corresponding dietary pattern).

3.5. Hepatic Fibrosis across Tertiles of Food Groups

A significantly lower risk of fibrosis was observed with medium intake of EPA and
DHA (tertile 2) versus low intake respectively (OR: 0.35; 95% CI: 0.15–0.82), (OR: 0.26; 95%
CI: 0.09–0.73). A significantly higher risk of fibrosis was observed with medium intake of
ω-6 (g) and simple carbohydrates (g) as compared to the low intake of these two nutrients
(OR: 2.24; 95% CI: 1.06–4.74), (OR: 2.43; 95% CI: 1.12–5.26). The other food groups showed
no significant association with the absence or presence of hepatic fibrosis (Table 5).

Table 5. Hepatic fibrosis across tertiles of food groups.

Food Groups Tertile 1 Tertile 2 Tertile 3 p-Trend

Fructose (g/day) Ref * 1.07(0.52–2.20) 1.15(0.54–2.45) 0.718
Fibres (g/day) Ref 0.67(0.32–1.39) 1.24(0.61–2.52) 0.554

Monounsaturated Fatty acids
(g/day) Ref 0.91(0.45–1.84) 0.69(0.33–1.46) 0.342

Polyunsaturated Fatty acids
(g/day) Ref 0.77 (0.39–1.52) 0.65(0.31–1.36) 0.253

Saturated Fatty acids (g/day) Ref 1.50 (0.74–3.06) 0.83(0.38–1.83) 0.653
ω-3 (g/day) Ref 1.12 (0.55–2.29) 1.03(0.49–2.16) 0.944

ω-6 (g/day) (1.20–13.70)
Ref

(13.71–19.01)
2.24 (1.06–4.74) §

(19.02–52.70)
1.04(0.50–2.14) 0.922

Cholesterol (mg/day) Ref 0.79 (0.39–1.61) 1.10(0.52–2.30) 0.792
Protein (g/day) Ref 0.91 (0.43–1.91) 0.65(0.28–1.50) 0.311

Fat (g/day) Ref 1.06 (0.50–2.23) 0.55(0.24–1.26) 0.159
Simple Carbohydrates

(g/day)
(8.15–101.4)

Ref
(101.50–164.69)

2.43 (1.12–5.26) §
(164.70–469.64)
2.06(0.87–4.88) 0.099

EPA (mg/day) (0.1–2.0)
Ref

(2.10–5.0)
0.35 (0.15–0.82) §

(5.1–160)
0.65(0.26–1.63) 0.357

DHA (mg/day) (0.1–1.0)
Ref

(1.1–9.0)
0.26 (0.09–0.73) §

(9.1–230)
0.53 (0.19–1.44) 0.212

Energy/day (Kcals), males Ref 0.63 (0.26–1.57) 1.01 (0.38–2.64) 0.994
Energy/day (Kcals), females Ref 2.27 (0.48–10.80) 1.53 (0.33–7.09) 0.587

Test statistic; § Multivariate -adjusted OR (95%CI) using binary logistic regression, p < 0.05. The Model is adjusted
for age, gender, crowding index, presence of metabolic syndrome(no/yes), obesity (no, yes), diabetes type 2 (no,
yes) physical activity (yes/no), family history (no/yes), marital status (married, single, widow), smoking (no/yes),
education (illiterate, primary, high school, and university) and profession (freelance, employee, unemployed,
retirement and others). * Ref referred to the first tertile of nutrients consumed (g/day).
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4. Discussion

Several research studies have reported an increase in the prevalence of NAFLD with
aging [21,22]. However, the mean age of our sample (43.3 ± 0.1 years) was below the
average found in other studies [21,22]. In addition, this study highlighted a high prevalence
of metabolic syndrome (more than 80%) independently of the NFS score. This value is
higher than that determined by Sibai et al., who found that the prevalence of metabolic
syndrome among the general population in Lebanon was 31.2% [23]. This feature has been
studied by Marchesini et al., who reported hypertriglyceridemia and hyperinsulinemia
in patients diagnosed with NAFLD [6]. The latter is usually associated with obesity [24],
high waist circumference (cm), and high waist circumference/hip circumference [25]. In
this study, about 80% of male NAFLD patients had a waist circumference or waist-to-
hip ratio exceeding the WHO recommendations [26]. This reflects an increase in visceral
adiposity, which is generally related to a state of insulin resistance responsible for the onset
of metabolic syndrome and fatty liver disease [27].

More than eighty-five percent of observed patients have a positive family history of
metabolic disorders. Similarly, Chehreh et al. reported a high prevalence of a family history
of type 2 diabetes and hypertension in NAFLD patients in their study. This could be of
ethnic, environmental, or hereditary origin [28].

As for the environmental characteristics, the rate of sedentary behavior is high in
our sample, with only 20% of the sample exercising regularly. It has been shown that
low physical activity had been correlated with NAFLD complications [29], while regular
exercise has been shown to improve liver enzymes and fatty liver, regardless of the type or
frequency of activity [30]. This is also accompanied by an improvement in insulin resistance,
blood triglycerides, and liver histology in patients with NASH [30]. The smoking rate
was also high in the sample, in concordance with the study made by Suzuki et al., which
correlated smoking with increased oxidative stress and liver injury [31]. This smoking rate
is higher than the national average of 41.5% that was reported by Sibai et al. following a
national survey done in Lebanon in 2010 [32].

Regarding liver fibrosis, no significant differences in clinical and environmental param-
eters were found between the two NFS score groups, except for the age and the presence of
obesity, diabetes type 2, cardiovascular diseases (CVD), and the ratio of ASAT to ALAT.
These parameters were found to be associated with the presence of hepatic fibrosis [33], and
the ASAT/ALAT ratio could be used as a screening tool for liver evaluation and detection
of advanced liver fibrosis [34]. Their increase is related to the presence of free inflammatory
fatty acids, which contribute to a state of insulin resistance, hence increasing the degree of
severity of non-alcoholic steatosis (Table 3) [35].

Three major dietary patterns were derived from our sample in the current study. The
Traditional, the High Fruit pattern, and the Westernized pattern. The presence of the
High Fruit pattern among NAFLD Lebanese patients had been discussed in a previous
study [19]. This is in accordance with results obtained in other Mediterranean populations,
especially that fruits such as apples, plums, and raisins are of low cost and are available in
the Lebanese market. Fructose as a main monosaccharide present in fruits had been linked
to NAFLD and, more specifically, to fibrosis [36]. An increase in its consumption increases
endoplasmic reticulum stress, promotes activation of stress-related kinases, and induces
mitochondrial dysfunctions [36].

An interesting result obtained in this study is that NAFLD Lebanese patients were
more inclined to consume a traditional diet while aging with an increase in odds by 1.6, p
< 0.05 (Table 3). This feature is also present in educated people, with an increase in odds
of 2.90 towards a traditional diet, versus a decrease by 50% in adherence to a high fruit
diet. A study done by Hiza et al. reported that children and older adults had better-quality
diets than younger and middle-aged adults with a clearer tendency toward vegetables,
whole grains, and legumes [37]. Moreover, adults with a college diploma had a higher
adherence to vegetables and whole grains. This indicates an ability to translate nutritional
knowledge into better dietary practices [37,38]. Another finding was an increase in BMI
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following a Westernized diet. Pliego et al. found that the higher the score of unhealthy
patterns, the higher the BMI [39]. These results suggest that weight gain is determined by
both qualitative and quantitative aspects of food consumption [39].

The multivariate analysis confirmed the hypothesis that a traditional diet was corre-
lated with a low risk of fibrosis. The obtained results showed a significant relationship
between high adherence to the traditional diet and the absence of fibrosis with a decreased
risk of getting fibrosis by 82%, p = 0.031, after adjusting for its covariables (Table 4). Diets
enriched in vegetables, legumes, olive oil, seeds, and red wine have proven their beneficial
effects on all the risk factors associated with metabolic syndrome and NAFLD [40]. This
can be explained through several mechanisms that can vary from an effective dietary
approach for weight loss to a model diet that is plentiful in some beneficial nutrients such
as antioxidants, vitamins, and monounsaturated fatty acid (MUFA) through the presence
of olive oil as the main contributor of fat [41]. A westernized diet characterized by a high
intake of pasta, red meat, desserts, and pizza, rich in simple sugar as well as in saturated
and trans fatty acids is well known to trigger an increase in weight, higher postprandial
insulin secretion and ultimately an increase in liver fat storage [42].

Concerning nutrients, simple carbohydrates were identified as risk factors for NAFLD,
increasing the risk of fibrosis twofold, p = 0.09 (Table 5). An increase in the intake of
simple carbohydrates was also associated with hepatic de novo lipogenesis (DNL) and
hepatic inflammation [43,44]. According to Zykovic et al., a reduction in the amount of
total carbohydrates, especially simple sugars, would reduce the total pool of acetyl CoA
in the liver and, therefore, reduce the flux through the DNL pathway [45]. The reduction
in triacylglycerol synthesis would also prevent the excess accumulation of total fat in the
liver [46].

The consumption of long-chain polyunsaturated fatty acids was low in the sample.
This is realistic, since Lebanese people rarely consume fatty fish. Supplements enriched
with EPA, DHA, and ω-3 are rarely used among Lebanese NAFLD patients. Although
Lebanon is a coastal country, the Lebanese population avoids eating seafood for cultural,
economic, and public health reasons. The general belief is that the coastline is polluted, and
consumable fish are unavailable or very expensive [19]. A study done by Nassreddine et al.
reported this low consumption of seafood in Lebanese subjects, with 73.6% of Lebanese
adult participants consuming less than two servings of fish per week [47]. A medium
adherence to EPA and DHA was identified as decreasing fibrosis by approximately 65%
and 74%, respectively, p < 0.05, as compared to a low adherence after adjustment for the
covariables (Table 5). sThese two nutrients are well known for their anti-inflammatory
and anti-oxidative properties and their beneficial effect in the treatment of NASH. EPA
and DHA converted from ω-3 polyunsaturated fatty acids (PUFAs) might inhibit the
accumulation of triglycerides by modifying hepatic lipid metabolism leading to an increase
in triglyceride transportation from hepatocytes [46], and could reduce inflammatory and
oxidative status [44,46]. In addition, long-chain polyunsaturated fatty acids may induce
transcription of genes encoding enzymes for fatty acid oxidation through their ability
to act as ligand activators of PPAR-α (peroxisome proliferator-activated receptor-α) [48].
Dietary EPA and DHA were identified as linear, independent, and preventive parameters
for NAFLD in Japanese men who generally consume more fish than Western men [49].

Concerning ω-6, a medium intake/day versus a low intake/day was found to increase
the risk of fibrosis by 2.24-fold, p < 0.05. This is in concordance with other studies which
showed an association between ω-6 intake and the development of steatosis and fibrosis in
animal models [50–54]. It had been reported that ω-6 metabolism causes oxidative stress
and mitochondrial dysfunction. It enhances liver Kupffer cell production of inflammatory
cytokines, exacerbates systemic and hepatic insulin resistance, and worsens inflammation
and fibrosis [55]. This contributes to the effect of ω-6 intake on the risk of fibrosis as
reported in our results after adjustment with the covariables.

Finally, it should be noted that the study had some limitations, such as selection and
sampling bias. The sampling bias was mainly due to the difficulty of getting a significant
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sample of the Lebanese population because the study was done in one outpatient clinic in
an academic hospital in Beirut. The second limitation was the ultrasound used to assess
the presence or not of fatty liver (sensitivity of ultrasound varies between 60 and 65%,
almost no detection for a degree of steatosis <30%) [56]. The third limitation came from
recall bias. Patients may overestimate the portion sizes, have memory loss, and over-
report their physical activity level. To overcome these biases, patients were interviewed
to report their dietary intake prior to the disease diagnosis or prior to any diet change
due to medical advice or used medications. Another bias is related to the use of factor
analysis, which requires subjective decisions for grouping food, choosing the method of
rotation or determining dietary patterns according to their loading factors. However, the
results obtained were in line with those obtained in other studies [6,19,57], and highlighted
the nutritional profile and dietary patterns of Lebanese NAFLD patients in relation to the
absence or presence of hepatic fibrosis.

5. Conclusions

Three dietary patterns, the Traditional, the High Fruit, and the Westernized patterns,
characterized the nutritional profile of Lebanese NAFLD patients. Fruits were absent from
the Traditional dietary pattern and constituted a new High Fruit pattern. The Traditional
diet was composed mainly of vegetables, nuts, and legumes, which are high in fibers and
antioxidants, fish known to be rich in long-chain polyunsaturated fatty acids, and olive
oil, which is high in polyphenols and monounsaturated fatty acids. It was found to be
inversely associated with the risk or presence of fibrosis. This could be an effective dietary
approach for NAFLD patients. The role of fruits in the progression or prevention of the
disease has yet to be determined. Further experimental studies are needed to establish
a possible relationship between fruit intake/day and the presence of fibrosis in NAFLD
patients. This is important to generate dietary NAFLD guidelines and reach a conclusion
on the quantity and type of fruits to be consumed by these patients.
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Abstract: Large longitudinal studies exploring the role of dietary patterns in the assessment of
long-term outcomes of NAFLD are still lacking. We conducted a prospective analysis of 128,695 UK
Biobank participants. Cox proportional hazards models were used to estimate the risk associated with
two dietary patterns for long-term outcomes of NAFLD. During a median follow-up of 12.5 years,
1925 cases of end-stage liver disease (ESLD) and 12,466 deaths occurred in patients with NAFLD.
Compared with patients in the lowest quintile, those in the highest quintile of the diet quality score
was negatively associated with the risks of ESLD and all-cause mortality (HRQ5vsQ1: 0.76, 95% CI:
0.66–0.87, p < 0.001; HRQ5vsQ1: 0.84, 95% CI: 0.79–0.88, p < 0.001, respectively). NAFLD patients with
high-quality carbohydrate patterns carried a 0.74-fold risk of ESLD and a 0.86-fold risk of all-cause
mortality (HRQ5vsQ1: 0.74, 95% CI: 0.65–0.86, p < 0.001; HRQ5vsQ1: 0.86, 95% CI: 0.82–0.91, p < 0.001,
respectively). For prudent dietary patterns rich in vegetables, fruits and fish, the adjusted HR Q5vsQ1

(95% CI) was 0.87 (0.76–0.99) and 0.94 (0.89–0.99) for ESLD and all-cause mortality of NAFLD patients.
There was a U-shaped association between the meat-rich dietary pattern and all-cause mortality in
patients with NAFLD. These findings suggest that a diet characterized by a high-quality, high intake
of vegetables, fruits, fish and whole grains as well as an appropriate intake of meat, was associated
with a lower risk of adverse outcomes of NAFLD.

Keywords: non-alcoholic fatty liver disease; end-stage liver disease; mortality; dietary pattern

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is a very prevalent but widely underappre-
ciated liver disease that is closely related to other metabolic disorders and was therefore
called metabolic dysfunction-associated fatty liver disease (MAFLD) [1]. The global preva-
lence of NAFLD was estimated to be 32.4% [2]. The dramatically increased disease burden
of NAFLD has been propelled by the progressively severe health effects of obesity and
type 2 diabetes [3]. NAFLD covers a range of liver conditions, from simple steatosis to
steatohepatitis and fibrosis, the latter of which carries a higher risk of developing end-stage
liver disease [4]. The incidence rate of hepatocellular carcinoma parallels the severity of
NAFLD, rising from 0.15 to 14.46 and 19.13 per 1000 person-years for steatosis, fibrosis and
cirrhosis, respectively [5]. Moreover, NAFLD patients have a significantly increased risk of
overall mortality, and this risk changes in tandem with the histology stage of NAFLD [6].
For the majority of patients, NAFLD is a benign condition [7]. However, advanced liver
disease is usually diagnosed late, and interventions at this stage are less effective than
earlier treatments [8]. A critical challenge is to identity NAFLD patients at higher risk of
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progressive liver disease so that early interventions could be targeted to those most in
need [9].

A lifestyle modification focused on diet and exercise is the first-line treatment for
NAFLD [10]. Diet intervention has raised great interest around the world. Previous stud-
ies reported the significant relationship between several nutrients and NAFLD, such as
red meat consumption [11] being positively associated with the risk of NAFLD while yo-
gurt [12] and soy milk [13] being inversely associated with the risk of NAFLD. Nevertheless,
one does not eat a single nutrient but a complex mixture of foods which interact with each
other [14]. Exploring the separate effects of isolated nutrient components does not represent
well the dietary habits in the real world. Dietary patterns, by contrast, take the contributions
of various aspects of foods into account and therefore more closely reflect the habitual diet
in real-life settings [15]. Dietary patterns are usually derived by two methods: a priori
and a posteriori method [16]. The a priori approach is based on hypotheses according
to dietary guidelines about whether foods are favorable or unfavorable. The a posteriori
approach is an exploratory analysis that accounts for variation in the habitual intake in a
specific population.

To date, only a few small cross-sectional studies were performed to investigate the
relationship of dietary patterns with NAFLD risks [17]. Previous studies showed that a
high diet quality, assessed by the alternate healthy eating index (AHEI), was inversely
associated with hepatic steatosis [18]. In addition, a prudent dietary pattern was associated
with an odds ratio of 0.78 for NAFLD, whereas the Western dietary pattern was associated
with a 1.56-fold increased risk of NAFLD [17]. Large longitudinal studies exploring the role
of dietary patterns in the assessment of the long-term outcomes of NAFLD, for instance,
cirrhosis, liver cancer, end-stage liver disease and mortality, are still lacking. This investiga-
tion may provide more evidence for a risk stratification of NAFLD patients and the early
identification of and interventions in NAFLD patients with poor prognosis.

In this study, we examined the association between dietary patterns and ESLD and
mortality in NAFLD patients, considering (i) an a priori dietary pattern based on recent
dietary priorities for cardiometabolic health [19] and (ii) an a posteriori dietary pattern
created by principal component analysis. The combination of a priori and a posteriori
patterns may provide a more complete picture for the relation of diet with long-term
outcomes of NAFLD.

2. Methods

2.1. Study Population

The UK Biobank recruited over 502,386 participants aged 37 to 73 years from 22 assess-
ment centers throughout the UK between 2007 and 2010. At baseline, the participants were
required to complete a touchscreen questionnaire and a verbal interview, undergo physical
measurements and provide biological samples. The UK Biobank received ethics approval
from the North West Multicenter Research Ethics Committee (reference no. 16/NW/0274).
All participants provided written informed consent at recruitment. This research was
conducted using the UK Biobank resource under application number 79302.

Participants with NAFLD at baseline were identified by the fatty liver index (FLI),
which has an accuracy of 0.84 in detecting fatty liver, and an FLI > 60 indicates the presence
of fatty liver. We then excluded patients with excessive alcohol drinking (alcohol consump-
tion ≥ 30 g/day for men and ≥20 g/day for women) and subjects with other liver diseases
(viral hepatitis, Wilson’s disease, hemochromatosis and autoimmune hepatitis). After fur-
ther exclusion of those with ESLD and missing values of covariates at baseline, 128,695 par-
ticipants with NAFLD were included in the final analysis (Supplementary Figure S1).

2.2. Assessment of Dietary Quality

At the recruitment assessment-center visit, each participant was asked to complete
a brief touchscreen food frequency questionnaire (FFQ) with 47 dietary items covering
the types and the frequency of consumption of food groups and drinks over the past
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year. Then, we created a diet quality score based on 10 foods [19]: vegetables, fruits, fish,
dairy, whole grains, vegetable oils, refined grains, processed meats, unprocessed red meats
and sugar-sweetened beverages, which was used to assess the adherence to ideal dietary
patterns in patients with cardiometabolic disease (Supplementary Table S1). Each dietary
component was scored from 0 (unhealthiest) to 10 (healthiest) points, and the total diet
quality score was the sum of all the diet component scores and ranged from 0 to 100, with a
higher score representing a higher overall diet quality.

2.3. Assessment of Dietary Patterns

To derive dietary patterns, the SAS “proc factor” command was used for principal
component analysis (PCA) with varimax rotation. When determining the number of
principal components to retain, three selection criteria were used: (i) eigenvalue greater
than 1, (ii) the scree plot (Supplementary Figure S2) and (iii) the interpretable variance
percentage (Supplementary Table S2). Then, the principal components were named based
on the food groups that had rotated factor loadings with an absolute value ≥ 0.3. Finally,
three dietary patterns were identified for analysis: (i) meat pattern (abundant in red meat
and poultry), (ii) prudent (abundant in fruit, vegetable and fish) and (iii) high-quality
carbohydrate (high in whole grains, but low in refined grains).

2.4. Ascertainment of Outcomes

The date of death was obtained from death certificates held by the National Health
Service (NHS) Information Centre (England and Wales) and the NHS Central Register
Scotland (Scotland). Dates and causes of hospital admission were identified via record link-
age to Health Episode Statistics (England and Wales) and the Scottish Morbidity Records
(Scotland). Prevalent and incident ESLD cases within the UK Biobank were ascertained
through data linkage to hospital inpatient admissions and death registries. We defined
incident ESLD according to the ICD-10 (international classification of diseases, 10th revi-
sion) codes K74.6, K76.6, K76.7, I85.0, I85.9, I86.4, I98.2, I98.3, R18, Z94.4, C22.0. Another
outcome of the current study included all-cause and three types of cause-specific mortality
[liver-related (ICD-10 codes K70-K76), cardiovascular disease (CVD)-related (ICD-10 codes
I20, I21, I25, I48, I50, I60, I61, I63, and I64) and cancer-related (ICD-10 codes C00-C97),
Supplementary Table S3).

At the time of the analysis, the updating dates of linkages to hospital inpatient admis-
sions and death registries were 30 September 2021 and 31 October 2021, respectively. The
follow-up time in person-y was calculated from the date of attendance until the date of
ESLD diagnosis, loss to follow-up or death, whichever occurred earlier.

2.5. Covariates

Information on demographic factors and lifestyle factors were collected using a touch-
screen, self-completed questionnaire at the baseline assessment visit for the UK Biobank.
The Townsend deprivation index was used as a measure of the socioeconomic status and
to categorize the sample population into quintiles from the least deprived (quintile 1 to the
most deprived (quintile 5). To measure the total sedentary time, the sum of self-reported
hours spent watching television and using the computer was derived on a typical day.
Sedentary behavior was defined as sedentary time > 4 h. The body mass index (BMI) value
was obtained from the weight divided by the square of the height in meters. Hypertension
was defined as systolic pressure ≥ 140 mmHg, diastolic pressure ≥ 90 mmHg, use of
medications for blood pressure or as self-reported or diagnosed by a doctor. Diabetes was
defined as blood glucose ≥ 11.1 mmol/L, glycated hemoglobin (HbA1c) ≥ 48 mmol/mol,
use of insulin or as self-reported or diagnosed by a doctor. Alanine aminotransferase,
triglycerides and cholesterol were measured in blood samples collected at recruitment
on a Beckman Coulter AU5800. The UK Biobank performed detailed quality control and
correction for technical outliers.
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2.6. Statistical Analysis

Baseline sociodemographic, lifestyle and other characteristics were summarized across
diet score quartiles. The categorical variables are displayed as percentages and were
tested by chi-squared tests. Continuous variables are displayed as means with standard
deviations (SDs) and were tested by one-way ANOVA. The associations of diet quality
and derived patterns with incident ESLD, all-cause mortality and cause-specific mortality
were investigated using Cox-proportional hazard models. Hazard ratios (HR) and 95%
confidence intervals (CI) for each quartile of exposure were calculated. Model 1 was
adjusted for age, sex, ethnicity, Townsend deprivation index (quintiles), education level
(university/college degree or others), household income (less than £18,000, £18,000 to
£30,999, £31,000 to £51,999, £52,000 to £100,000, greater than £100,000 or do not know/prefer
not to answer), and model 2 was adjusted for model 1 plus self-reported smoking status
(never, former or current smoker), sedentary behavior, body mass index, baseline diabetes,
baseline hypertension, serum alanine aminotransferase, triglycerides and cholesterol. Then,
we used multivariate cubic regression splines with 3 knots (10th, 50th, 90th) to visualize
the potential nonlinear associations of dietary patterns with incident ESLD and all-cause
mortality discovered in the Cox model above by SAS macro %RCS_Reg. To examine
the overall statistical significance as well as the non-linearity of the exposures, we used
likelihood ratio tests. We then investigated whether these associations differed by age, sex
and other factors by performing a subgroup analysis and fitting an interaction term to the
model. The hazard ratio of the product term was the measure of the interaction on the
multiplicative scale. Sensitivity analyses were performed by excluding individuals with
incident ESLD or who died within 2 years, those who had extreme BMIs (BMI < 15 or >40
kg/m2), those who made any major changes to their diet in the last 5 years and those whose
diet varied much from week to week. SAS 9.4 was used for all analyses. All statistical tests
were 2-sided, and p < 0.05 was defined as statistically significant.

3. Results

3.1. Baseline Characteristics

The baseline characteristics of participants by diet quality score quintiles are shown
in Table 1. At baseline, the participants with a higher diet quality tended to be female,
older, of White ethnicity, less socially deprived and more educated. In addition, they were
less often current smokers and spent less time sitting still. They also had lower levels of
alanine aminotransferase, gamma glutamyl transferase, triglycerides and total cholesterol.
Interestingly, those NAFLD patients with a higher diet quality were more likely to suffer
from comorbid hypertension and type 2 diabetes.

3.2. Association of Diet Quality with Incident ESLD and Mortality

During a median of 12.5 years follow-up (1,569,342 person-years), 1925 ESLD and
12,466 deaths occurred. In Table 2, compared with the patients in the lowest quintile, those
in the highest quintile of the diet quality had 16% lower odds of ESLD and 18% lower odds
of all-cause mortality after adjustments for covariates in model 1. After further adjusting for
lifestyle and biochemistry factors in model 2, the inverse association remained significant.
The HRs (95% CIs) in quintiles 2–5 were 0.95 (0.83–1.08), 0.83 (0.72–0.95), 0.84 (0.73–0.96)
and 0.76 (0.66–0.87) for ESLD, and 0.94 (0.89–0.99), 0.91 (0.86–0.96), 0.85 (0.80–0.90) and
0.84 (0.79–0.88) for all-cause mortality, respectively. The associations of diet quality with
cause-specific mortality were concluded in Supplementary Table S4. Similarly, a higher
diet quality significantly reduced the risk of liver, CVD and cancer mortality [HRQ5vsQ1:
0.53 (0.33–0.85), 0.88 (0.78–0.98) and 0.85 (0.79–0.93), respectively].
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Table 1. UK Biobank participants’ characteristics by the diet quality score.

Variables Q1 Q2 Q3 Q4 Q5 p Value

Male (%) 70.9 62.4 56.5 53.2 53.7 <0.001
Age (years) 55.7 ± 8.3 56.9 ± 8.1 57.3 ± 7.9 57.9 ± 7.6 59.1 ± 7.1 <0.001

White ethnicity (%) 93.4 91.8 92.1 93.7 94.5 <0.001
Townsend deprivation index −0.4 ± 3.4 −0.8 ± 3.3 −1.1 ± 3.2 −1.3 ± 3.1 −1.2 ± 3.1 <0.001

College or university degree (%) 17.53 23.13 26.33 30.08 29.79 <0.001
Household income (£) <0.001

<18,000 26.5 25.0 22.8 22.5 24.8
18,000 to 30,999 22.2 22.1 22.5 22.5 23.6
31,000 to 51,999 20.3 20.5 20.7 21.1 20.5

52,000 to 100,000 12.5 13.7 15.0 15.4 13.5
>100,000 2.2 2.6 3.1 3.6 2.8

Sedentary behavior (%) 46.5 42.9 40.9 39.1 39.1 <0.001
Smoking status (%) <0.001

Never 48.3 52.9 54.7 55.5 53.0
Previous 34.0 35.7 36.6 37.1 41.0
Current 17.7 11.4 8.7 7.3 6.0
Alcohol

Never or in special occasions only 29.8 29.5 28.5 26.9 28.2
1 to 3 times/month 15.9 15.2 15.5 15.4 15.0
1 to 4 times/week 47.7 48.6 49.4 50.6 50.3

Daily or almost daily 6.6 6.8 6.6 7.0 6.6
Body mass index (kg/m2) 31.6 ± 4.7 31.8 ± 4.6 31.9 ± 4.6 31.8 ± 4.6 31.9 ± 4.6 <0.001
Waist circumference (cm) 103.5 ± 10.2 102.9 ± 10.2 102.5 ± 10.1 102.2 ± 10.1 102.3 ± 10.1 <0.001

Hypertension (%) 68.2 69.4 69.4 70.0 72.9 <0.001
Diabetes (%) 10.0 11.2 12.2 12.2 17.4 <0.001

Alanine aminotransferase (U/L) 30.3 ± 17.0 29.5 ± 16.5 29.1 ± 17.4 28.9 ± 16.1 28.8 ± 16.6 <0.001
Gamma glutamyltransferase (U/L) 52.3 ± 52.3 50.6 ± 48.8 49.3 ± 49.8 48.0 ± 45.9 47.8 ± 48.4 <0.001

Triglycerides (mmol/L) 2.5 ± 1.2 2.4 ± 1.2 2.4 ± 1.2 2.3 ± 1.1 2.3 ± 1.1 <0.001
Total cholesterol (mmol/L) 5.7 ± 1.2 5.7 ± 1.2 5.7 ± 1.2 5.7 ± 1.2 5.6 ± 1.3 <0.001

Quintiles of the diet score: Q1, ≤40.54; Q2, 40.55–48.66; Q3, 48.67–56.11; Q4, 56.12–63.61; and Q5, ≥63.62. Values
are the mean (±standard deviation, SD) or percentage (%) and were examined by one-way ANOVA or chi-square
test. Post hoc analysis (Bonferroni method) showed significant differences for Q2–Q5 compared with Q1, except
for total cholesterol.

Table 2. HRs of ESLD and all-cause mortality for quintiles of the diet quality score.

Diet Score
ESLD All-Cause Mortality

HR (95% CI) p Value ptrend HR (95% CI) p Value ptrend

Model 1 0.001 0.004
Q1 1 (ref) 1 (ref)
Q2 0.95 (0.83–1.09) 0.497 0.92 (0.87–0.97) 0.003
Q3 0.86 (0.75–0.99) 0.035 0.88 (0.84–0.94) <0.001
Q4 0.85 (0.74–0.98) 0.027 0.84 (0.80–0.89) <0.001
Q5 0.84 (0.73–0.96) 0.010 0.82 (0.77–0.87) <0.001

Model 2 <0.001 <0.001
Q1 1 (ref) 1 (ref)
Q2 0.95 (0.83–1.08) 0.412 0.94 (0.89–0.99) 0.021
Q3 0.83 (0.72–0.95) 0.008 0.91 (0.86–0.96) 0.001
Q4 0.84 (0.73–0.96) 0.013 0.85 (0.80–0.90) <0.001
Q5 0.76 (0.66–0.87) <0.001 0.84 (0.79–0.88) <0.001

Quintiles of the diet score: Q1, ≤40.54; Q2, 40.55–48.66; Q3, 48.67–56.11; Q4, 56.12–63.61; and Q5, ≥63.62. Model 1
was adjusted for age, sex, ethnicity, Townsend deprivation index (quintiles), education level (university/college
degree or others) and household income (less than £18,000, £18,000 to £30,999, £31,000 to £51,999, £52,000 to
£100,000, greater than £100,000 or do not know/prefer not to answer). Model 2 was adjusted for model 1 plus
self-reported smoking status (never, former or current smoker), sedentary behavior, body mass index, baseline
diabetes, baseline hypertension, serum alanine aminotransferase, triglycerides and cholesterol.

3.3. Association of Dietary Patterns with Incident ESLD and Mortality

The associations between dietary patterns and ESLD risk are shown in Figure 1. We
observed that a high-quality carbohydrate dietary pattern was negatively correlated with
the risk of ESLD [HRQ5vsQ1: 0.74 (0.65–0.86)]. In addition, a prudent dietary pattern showed
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a non-linear negative association with the risk of ESLD; the HRs (95% CIs) in quintiles 2–5
were 0.94 (0.82–1.08), 0.85 (0.74–0.98), 0.84 (0.73–0.97), and 0.87 (0.76–0.99). However, we
did not find a significant association with the meat-rich dietary pattern.

Figure 1. Association of dietary patterns with incident ESLD. For the meat diet pattern, the quintile
with the lowest hazard ratio (Q3) was set as a reference. The model was adjusted for age, sex,
ethnicity, Townsend deprivation index (quintiles), education level (university/college degree or
others), household income (less than £18,000, £18,000 to £30,999, £31,000 to £51,999, £52,000 to
£100,000, greater than £100,000 or do not know/prefer not to answer), self-reported smoking status
(never, former or current smoker), sedentary behavior, body mass index, baseline diabetes, baseline
hypertension, serum alanine aminotransferase, triglycerides and cholesterol.

The results of the relation between the dietary patterns and mortality are shown in
Figure 2. Here, we revealed a U-shaped association of the meat-rich dietary pattern with
all-cause mortality. Compared with quintile 3, the HRs (95% CIs) in quintiles 1–2 were
1.08 (1.02–1.15) and 1.06 (1.00–1.13); the HRs (95% CIs) in quintiles 4–5 were 1.09 (1.03–1.16)
and 1.12 (1.05–1.18). Similar to what observed for ESLD, a prudent dietary pattern and
high-quality carbohydrate dietary pattern also demonstrated negative associations with
all-cause mortality. The associations of these dietary patterns with cause-specific mortality
are reported in Supplementary Table S5.

78



Nutrients 2023, 15, 271

Figure 2. Association of dietary patterns with all-cause mortality. For the meat diet pattern, the
quintile with the lowest hazard ratio (Q3) was set as a reference. The model was adjusted for age,
sex, ethnicity, Townsend deprivation index (quintiles), education level (university/college degree
or others), household income (less than £18,000, £18,000 to £30,999, £31,000 to £51,999, £52,000 to
£100,000, greater than £100,000, or do not know/prefer not to answer), self-reported smoking status
(never, former or current smoker), sedentary behavior, body mass index, baseline diabetes, baseline
hypertension, serum alanine aminotransferase, triglycerides and cholesterol.

The analysis of cubic splines (Figure 3) also showed the U-shaped association of the
meat-rich dietary pattern with all-cause mortality (pnon-linearity < 0.001) and the L-shaped
association between a prudent dietary pattern and ESLD as well as all-cause mortality (All
pnon-linearity ≤ 0.001). For the high-quality carbohydrate dietary pattern, there was a linear
association with ESLD (pnon-linearity = 0.675) and all-cause mortality (pnon-linearity = 0.155).

3.4. Subgroup Analyses and Sensitivity Analyses

The subgroup analyses for diet quality according to different risk factors are shown in
Supplementary Tables S6 and S7. There were no significant differences across all investi-
gated subgroups for ESLD. For all-cause mortality, we found that a higher diet quality was
associated with a decreased risk among current/previous smokers (pinteraction < 0.002).

We performed a number of sensitivity analyses to examine the robustness of the
findings. When we excluded the first 2 years of follow-up, the patients with extreme BMIs,
those who made any major changes to their diet in the last 5 years, and those whose diet
varied much from week to week, we found that the observed associations of diet quality
with ESLD and all-cause mortality remained unchanged (Supplementary Table S8).
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Figure 3. Restricted cubic spline analyses of the relationship between dietary patterns and the
incidence of end-stage liver disease (ESLD) and all-cause mortality. Red lines represent adjusted
hazard ratios [with 95% CI (dashed lines)] based on restricted cubic splines with knots at the 10th,
50th, 90th. The model was fully adjusted. Principal component 1: meat; principal component 2:
prudent; principal component 3: high-quality carbohydrate.

4. Discussion

In this large longitudinal study, we observed that dietary patterns were significantly
associated with the long-term outcomes of NAFLD. First, a higher a priori-derived diet
quality score was inversely related to the risks of ESLD as well as all-cause mortality and
liver-, CVD- and cancer-related mortality. Second, a greater adherence to a posteriori-
derived dietary patterns (prudent and high-quality carbohydrate patterns) was associated
with a lower risk of ESLD in NAFLD patients, whereas this association was nonsignificant
for the meat-rich pattern. Third, there was a U-shaped association between the meat-rich
pattern and all-cause mortality for NAFLD patients, while this association was negative for
the prudent and high-quality carbohydrate patterns.

80



Nutrients 2023, 15, 271

A large body of cross-sectional studies have reported an inverse relationship of the
diet quality score, as assessed by AHEI [20] and MDS [21], with prevalent NAFLD. In
addition, whether different dietary patterns were related to NAFLD risks was also investi-
gated, but contradictory results were reached [17]. A cross-sectional study conducted in
229 Brazilian adults demonstrated that a prudent pattern was negatively associated with
NAFLD diagnosed by ultrasonography [22]. In contrast, another cross-sectional study
covering 999 Chinese patients found this association to be nonsignificant [23]. An Aus-
tralian prospective cohort study including 995 adolescents observed that a Western dietary
pattern high in red and processed meat, soft drinks, refined grains and sauces at age 14 was
associated with a 1.59-fold risk of NAFLD three years later [24]. However, till now, these
studies were mainly small cross-sectional studies and centered on the prevalent risks of
NAFLD. The evidence for a relationship between dietary pattern and long-term outcomes
of NAFLD remains sparce.

In this study, we used a diet quality score which was adopted in previous epidemio-
logical studies of cardiovascular disease [25] and type 2 diabetes [26], created on the basis
of recent dietary priorities of cardiometabolic health [19]. In addition, in recent years, the
role of dietary patterns generated by principal component analysis has been extensively
investigated in observational studies of cardiometabolic disease [27]. They are more rep-
resentative of dietary patterns in a given population [28]. Therefore, we combined these
two methods in this study to provide a more complete picture for the relation of diet with
the long-term outcomes of NAFLD. Our analysis showed that NAFLD patients with a
higher diet quality carried lowers odds of ESLD and all-cause and cause-specific mortality.
In addition, a prudent dietary pattern high in vegetables, fruits and fish was negatively
associated with a poor prognosis of NAFLD. This association was also observed for the
high-quality carbohydrate dietary pattern which was high in whole grains and low in
refined grains.

For the clinical implications of this study, it provides a more comprehensive under-
standing of the effects of dietary patterns on the development of severe outcomes of NAFLD.
The advanced liver disease in the late course of NAFLD is associated with a severely im-
paired quality of life and poor prognosis [29]. Given the sheer number of NAFLD patients
and the fact that advanced liver disease is usually diagnosed late, a better risk stratification
of NAFLD is urgently needed [30]. The early recognition of NAFLD patients with adverse
outcomes would allow policy makers and clinicians to plan and implement a more effective
secondary prevention [9]. This study showed that NAFLD patients may benefit from a
high diet quality and prudent and high-quality carbohydrate dietary patterns. Conversely,
NAFLD patients with other diet patterns may be more likely to suffer from adverse health
outcomes and warrant more close attention during regular follow-up.

There are several possible mechanisms linking the dietary patterns with the long-
term outcomes of NAFLD. The prudent dietary pattern has been shown to have beneficial
effects on NAFLD due to its anti-inflammatory, anti-fibrosis and antioxidant capacity [31].
Carotenoids and polyphenols are two major antioxidants that are abundant in vegetables
and fruits. In experimental studies of NAFLD models, they improved insulin sensitivity,
accelerated β-oxidation and repressed de novo lipogenesis [32]. Furthermore, they inhibited
the activation of hepatic stellate cells and therefore ameliorated carcinogenesis [32]. Omega-
3 poly-unsaturated fatty acids contained in fish oil can alleviate insulin resistance, reduce
hepatic lipid accumulation and improve steatohepatitis [33,34]. The mechanism through
which whole grains exert favorable impacts on NAFLD is multifaced. First, wheat bran,
a more abundant compound in whole grains than in refined grains, reduced the liver
triglyceride content in an in vivo model of metabolic syndrome [35]. Second, several
phytochemicals that are significantly reduced after grain refining can promote the synthesis
of VLDL and thus export lipids outside the liver [36]. Third, whole grains may display
beneficial effects on the composition of the gut microbiota [37], which may influence the
progression of NAFLD through the gut–liver axis [38].
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This study has several limitations that warrant discussion. First, we selected several
important diet constituents to create a dietary quality score based on the recent guidelines
of cardiometabolic health. However, other components may also display a key role in
the progression of NAFLD. Second, we analyzed the association between dietary patterns
at baseline and the risk of adverse outcomes of NAFLD. The dietary patterns were not
assessed during the follow-up. We were unable to assess the longitudinal dynamic change
in dietary patterns, which may more closely reflect the habitual eating in real-world life.
Third, as with all observational studies, we were unable to draw causality about the
relationship between dietary patterns and long-term outcomes of NAFLD. The only way to
clearly measure this relationship is through experimental designs.

5. Conclusions

In conclusion, higher diet quality and greater adherence to a prudent dietary pattern
rich in vegetables, fruits and fish were associated with a lower likelihood of ESLD and
mortality in NAFLD patients. High-quality carbohydrate dietary patterns showed the same
association. NAFLD patients with inappropriate meat dietary patterns had a higher risk of
adverse outcomes. These findings need to be confirmed with further interventional studies
to assess whether the improvement of the dietary patterns is effective in the primary and
secondary prevention of NAFLD.
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Abstract: Although many studies have explored the relationship between total dietary fiber intake
and the risk of chronic non-communicable diseases, the results are mixed. There is also a lack of
research on the association between dietary fiber intake from different food sources and disease.
Using data from the China Nutrition and Health Database from 2004 to 2015, Cox proportional
risk models were used to explore the associations between total dietary fiber and fiber intake from
different food sources and the occurrence of type 2 diabetes, hypertension, obesity, cardiovascular
disease, and all-cause mortality. After multi-factorial adjustment, the hazard ratios (95% confidence
interval) of total dietary fiber intake (quartile 4 vs. quartile 1) in type 2 diabetes, hypertension,
obesity, cardiovascular disease, and all-cause mortality cohorts were 1.20 (0.93, 1.55), 0.91 (0.75, 1.12),
0.93 (0.64, 1.35), 1.13 (0.60, 2.12), 1.13 (0.60, 2.12), and 1.13 (0.84, 1.52). Whole-grain fiber intake was
positively associated with hypertension but not with the occurrence of other diseases. No association
was observed between legume fibers, fruit fibers, and vegetable fibers in the cohorts of type 2 diabetes,
hypertension, obesity, cardiovascular diseases and all-cause mortality. Our study did not find any
association between total dietary fiber and dietary fiber intake from different food sources and
type 2 diabetes, obesity, cardiovascular disease, and all-cause mortality in the Chinese population.
The role of dietary fiber in the Chinese population may be overestimated. More extraordinary
efforts are needed to further confirm the association between dietary fiber and these diseases in the
Chinese population.

Keywords: dietary fiber; China nutrition and health database; chronic non-communicable diseases;
population-based cohort study

1. Introduction

Chronic non-communicable diseases such as diabetes, hypertension, obesity, and
cardiovascular disease (CVD) have high incidence and mortality rates worldwide, with
type 2 diabetes (T2D) and cardiovascular disease accounting for 11.3% and 30% of total
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deaths worldwide, respectively [1,2]. The incidence of adult obesity is about 20% [3]. More
than 1.39 billion people suffer from hypertension [4], and the public health risks caused by
these diseases should not be disregarded.

Many experts have focused their research on preventing the onset of chronic dis-
eases. Dietary fiber consumption has been linked to the prevention of various chronic
diseases [5–9]. Dietary fiber is a type of nutrient that is difficult to digest and absorb in
the small intestine, and it has several potential mechanisms for preventing chronic dis-
eases, including (1) increasing satiety and possibly promoting weight loss; (2) encouraging
intestinal microorganisms to produce short-chain fatty acids with immunomodulatory
and anti-inflammatory properties; and (3) experiments in animal models have shown that
dietary fiber intake is associated with lower levels of inflammatory and oxidative stress
markers [10–12]. However, with the continuous refinement and classification of the concept
of dietary fiber, studies have found that dietary fiber from different food sources is not all
negatively associated with the development of disease [5,7,8,13].

Although more studies have explored the relationship between total dietary fiber
intake and the risk of T2D, hypertension, obesity, cardiovascular disease, and all-cause
mortality, the results are mixed [5,6,8,14–18]. There is a lack of research on the association
between dietary fiber intake from different food sources and disease, especially hyperten-
sion, and only a few studies focus on all-cause mortality [9,13,14]. Furthermore, while T2D
and cardiovascular disease research are becoming more common, the results from studies
of fiber from various dietary sources are also inconsistent [5,7,13]. More importantly, no re-
search has examined the association between dietary fiber intake from various food sources
and chronic disease in the Chinese population. Therefore, considering the heterogeneity
found in the total dietary fiber intake and dietary fiber intake from different food sources in
different populations and its effects on the health statuses, these associations may require
further analysis in Chinese populations that traditionally consume diets rich in plant foods.

This study aimed to determine the association between fiber consumption from various
dietary sources and T2D, hypertension, obesity, cardiovascular disease, and all-cause
mortality in the Chinese population.

2. Materials and Methods

2.1. Study Design and Participants

Data from the China Nutrition and Health Database (CHNS) were used in this study,
a multi-purpose longitudinal open cohort study that began in 1989 and was followed
up in 1991, 1993, 1997, 2000, 2004, 2006, 2009, 2011, and 2015. CHNS used a multi-stage
stratified whole-group random sampling strategy to sample people from 15 provinces with
different populations, geography, economy and public resources in the eastern, central
and western regions of China. Demographic, socioeconomic, lifestyle, dietary, and health
data is collected during each survey wave. Blood samples were collected and analyzed
during the 2009 CHNS. The scientific rationale and design of the CHNS were previously
reported [19,20]. The survey was conducted according to the guidelines of the Declaration
of Helsinki and was approved by the Institutional Review Committees of the University
of North Carolina at Chapel Hill (UNC-CH) and the National Institute for Nutrition and
Health, Chinese Center for Disease Control and Prevention; each participant provided
informed consent.

Because new food codes were implemented in 2004, CHNS data from 2004 to 2015
were used in this analysis. We first excluded participants who were under 18 years old
at baseline, participants with abnormal dietary energy data (e.g., a daily energy intake
<800 kcal or >4200 kcal for men and <600 kcal or >3500 kcal for women), and participants
with a history of cardiovascular disease, cancer, death, or pregnancy at baseline. The initial
wave of these surveys served as a baseline. Finally, the final analysis comprised a total of
9376 participants.
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2.2. Dietary Assessment

Details on dietary measures are available elsewhere [21]. In brief, at the time of the
baseline (2004 or 2006) survey, qualified investigators obtained individual dietary data
through face-to-face interviews in each survey round. Individual diets were evaluated
several times by recalling the food consumed by individuals during three 24-hour periods.
Participants were asked to list all foods and beverages consumed during 24 h, with the
types and amounts of items documented based on food models and images, supported by
standard sizes (household containers, grams indicated on the packaging). Three consecutive
days (2 weekdays and 1 weekend day) were assigned at random during the week, and
each sampling unit was nearly balanced across the seven days of the week. The Chinese
Food Composition Table (2004 edition) was used to compute dietary component intakes
(energy, protein, fat, carbohydrate, dietary fiber), and food groups such as cereals, legumes,
vegetables, and fruits were also categorized using the Chinese Food Composition Table.
This study did not cover supplement consumption.

To ensure the stability of the dietary data, we used average year data for 2004 and
2006 as the baseline dietary assessment. When participants participated in only one of the
survey years, the current year’s dietary intake could be utilized as the baseline assessment.
This research method can also be seen in other articles [13,22].

2.3. Measurement

Questionnaires were used to collect demographics and lifestyle information, such as
age, gender, cigarette and alcohol use, education, physical activity, place of residence, and
area. Physical activity was estimated as the duration of total physical activity and reported
as the metabolic equivalent task (MET)-minutes/week. Height and weight were assessed
using conventional protocols and calibrated equipment by certified medical practitioners.
Body mass index (BMI) was calculated as weight (kg)/squared height (m2). Professional
researchers estimated blood pressure as the mean of three independent measurements.

2.4. Case Ascertainment

T2D. A questionnaire-based interview was used to establish diabetes status at each
follow-up appointment. Blood samples were also taken and examined in 2009. T2D was
characterized as meeting at least one of the following criteria in the 2009 study, according
to the American Diabetes Association diagnostic criteria: (1) fasting blood glucose concen-
tration ≥ 7.0 mmol/L (126 mg/dL); (2) HbA1c ≥ 6.5%; (3) self-reported T2D diagnosis
or use of hypoglycemic medicine. T2D was defined as self-reported diabetes or use of
hypoglycemic medication in 2015. Previous research demonstrated that self-reported dia-
betes is a relatively useful approach for determining the diabetes status of Chinese study
participants [23].

Hypertension. At 10 min of rest, a standard mercury sphygmomanometer was used
to monitor diastolic and systolic blood pressures on subjects’ left or right arms, and the
mean readings were measured three times and recorded. Hypertension was defined as
(1) a systolic blood pressure ≥140 mm Hg; (2) a diastolic blood pressure ≥90 mm Hg; or
(3) self-reporting of a diagnosis of hypertension or currently on oral anti-hypertensive
medication during follow-up.

Obesity. Each participant’s weight and height were measured by a trained health
worker. BMI ≥ 28.0 kg/m2 was considered obese according to the Expert Consensus on
Weight Management Process for Overweight or Obese People (2021).

Cardiovascular disease. Myocardial infarction or stroke was used to characterize
the cardiovascular disease. The following questions were used to determine myocardial
infarction and stroke information: “Has your doctor ever told you that you have a myocar-
dial infarction?”. “Have you been diagnosed with stroke by your doctor?” cardiovascular
disease was defined as answering yes to any of these questions.
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All-cause mortality. The census confirmed participants’ death status based on infor-
mation submitted in each survey wave and the household system. The year of death was
recorded if the participant died.

2.5. Statistical Analysis

Descriptive analyses were reported as the mean ± standard deviation (SD) or median
(interquartile range) for continuous variables and frequency (percentage) for categorical
variables. ANOVA, Kruskal–Wallis test or chi-square test showed statistical differences
between quartiles.

We used Cox proportional risk models to assess the association between total dietary
fiber and fiber intake from different food sources and the occurrence of type 2 diabetes,
hypertension, obesity, cardiovascular disease, and all-cause mortality. The time indicator
was the follow-up time from 2004 to the disease onset or cut-off date. To test for potential
nonlinear associations, we tested for linear trends using the median score per quantile.
All statistical tests were two-sided and performed using SAS 9.4 (SAS Institute, Cary, NC,
USA). p < 0.05 was considered statistically significant.

3. Results

3.1. Description of the Study Population

For each particular disease, 9376 participants were eligible; the baseline data excluded
cases with existing disease and cases with lost follow-up or missing outcomes, as shown
in Figure 1. A total of 6886 cases in the T2D cohort, 3838 cases in the hypertension cohort,
4115 cases in the obesity cohort, 4932 cases in the cardiovascular disease cohort, and
8307 cases in the all-cause mortality cohort were finally included. The T2D cohort of
participants was divided into quartiles based on dietary fiber intake, and their baseline
characteristics are shown in Table 1. Notably, only 25% of participants had a daily dietary
fiber intake of more than 13.5 g/day, which is well below the 25–30 g/day recommended in
the Chinese Dietary Guidelines 2022 [24]. Baseline characteristics of hypertension, obesity,
cardiovascular disease, and all-cause mortality cohorts are shown in Tables S1–S4 in the
Supplementary Materials.

 

Figure 1. Participants flowchart.
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3.2. Associations between Total Dietary Fiber Intake and T2D, Hypertension, Obesity, CVD, and
All-Cause Mortality

Among the 6886 participants with T2D followed up, 650 cases developed T2D, and
the incidence density (1000 person-years) of T2D by quartiles of total dietary fiber intake
was 7.81, 9.28, 9.38, and 9.61 from quartile 1 (Q1) to quartile 4 (Q4), respectively, with a
hazard ratio (HR)Q4 vs. Q1 and 95% confidence interval (95% CI) of 1.22 (0.97, 1.53), p > 0.05.
Among the 3838 participants with hypertension at follow-up, a total of 1178 developed
hypertension, and the incidence density (1000 person-years) of hypertension by quartiles of
total dietary fiber intake was 29.21, 29.35, 28.78, and 28.81 for Q1–Q4. HRQ4 vs. Q1 was 0.99
(0.84, 1.17), p > 0.05. In the follow-up cohort of 4115 cases with obesity, 379 cases developed
obesity, and the incidence density (1000 person-years) of obesity in Q1–Q4 was 7.43, 8.67,
9.01, and 9.23, and HRQ4 vs. Q1 was 1.11 (95% CI: 0.82, 1.50), p > 0.05. In the follow-up
cohort of 4932 cases with cardiovascular disease cohort, a total of 127 cases developed
cardiovascular disease, and the incidence density (1000 person-years) of cardiovascular
disease in Q1–Q4 was 1.79, 2.47, 2.48, and 2.23, respectively; HRQ4 vs. Q1 was 1.25 (95% CI:
0.73, 2.15), p > 0.05. In the followed-up cohort of 8307 all-cause deaths, a total of 468 cases of
mortality occurred, and the incidence density (1000 person-years) of mortality from Q1–Q4,
it was 6.16, 4.68, 4.45, and 5.72, respectively, with an HRQ4 vs. Q1 of 0.93 (95% CI: 0.73, 1.18),
p > 0.05.

After multi-factorial adjustment, HRQ4 vs. Q1 was 1.20 (95% CI: 0.93,1.55), 0.91 (95% CI:
0.75, 1.12), 0.93 (95% CI: 0.64, 1.35), 1.13 (95% CI: 0.60, 2.12), and 1.13 (95%CI: 0.84, 1.52)
in the cohorts with diabetes, hypertension, obesity, cardiovascular disease, and all-cause
mortality, respectively; p-trend > 0.05 (see Table 2, Figure 2).

Table 2. Multi-variable adjusted HRs (95% CI) of T2D, hypertension, obesity, CVD, and all-cause
mortality according to quartiles of total dietary fiber.

Total Fiber Intake

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-Trend

T2D

Number of cases 132 166 174 178
Person-years 16,902 17,888 18,545 18,515

Incidence density
(1000 person-years) 7.81 9.28 9.38 9.61

T2D a 1.0 1.18 (0.94, 1.48) 1.19 (0.95, 1.50) 1.22 (0.97, 1.53) 0.12
T2D b 1.0 1.12 (0.88, 1.43) 1.13 (0.88, 1.44) 1.20 (0.93, 1.55) 0.08

Hypertension

Number of cases 270 297 307 304
Person-years 9241 10,116 10,667 10,552

Incidence density
(1000 person-years) 29.21 29.35 28.78 28.81

Hypertension a 1.0 1.01 (0.86, 1.19) 0.99 (0.84, 1.17) 0.99 (0.84, 1.17) 0.63
Hypertension c 1.0 0.98 (0.82, 1.18) 0.86 (0.71, 1.04) 0.91 (0.75, 1.12) 0.25

Obesity

Number of cases 75 98 109 97
Person-years 10,087 11,308 12,089 11,781

Incidence density
(1000 person-years) 7.43 8.67 9.01 8.23

Obesity a 1.0 1.17 (0.86, 1.57) 1.21 (0.90, 1.63) 1.11 (0.82, 1.50) 0.14
Obesity c 1.0 1.09 (0.78, 1.52) 1.02 (0.73, 1.44) 0.93 (0.64, 1.35) 0.40
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Table 2. Cont.

Total Fiber Intake

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-Trend

CVD

Number of cases 22 38 35 32
Person-years 12,276 15,363 14,124 14,289

Incidence density
(1000 person-years) 1.79 2.47 2.48 2.23

CVD a 1.0 1.56 (0.93, 2.64) 1.38 (0.81, 2.36) 1.25 (0.73, 2.15) 0.34
CVD c 1.0 1.56 (0.90, 2.70) 1.24 (0.70, 2.23) 1.13 (0.60, 2.12) 0.07

All-cause mortality

Number of cases 133 105 101 129
Person-years 21,571 22,398 22,663 22,543

Incidence density
(1000 person-year) 6.16 4.68 4.45 5.72

All-cause mortality a 1.0 0.76 (0.59, 0.98) 0.72 (0.56, 0.94) 0.93 (0.73, 1.18) 0.11
All-cause mortality c 1.0 1.05 (0.79, 1.38) 0.95 (0.70, 1.27) 1.13 (0.84, 1.52) 0.14

HRs were examined using Cox proportional hazard models. a: Confounding factors were not adjusted.
b: Adjusted for age, sex, BMI, education, regions, physical activity, smoking status, alcohol drinking, total
energy intake, total carbohydrate intake, protein intake, and fatty intake. c: Adjusted for age, sex, BMI, education,
regions, physical activity, smoking status, alcohol drinking, total energy intake, total carbohydrate intake, protein
intake, fatty intake, systolic blood pressure, diastolic blood pressure, and Na intake.

Figure 2. Associations between the consumption of dietary fibers from different sources and
(A) T2DM, (B) hypertension, (C) obesity, (D) CVD, (E) mortality from all causes.

3.3. Associations between Whole-Grain Fiber Intake and T2D, Hypertension, Obesity, CVD, and
All-Cause Mortality

The whole-grain fiber intake was divided into terciles (T1–T3). In the cohort of T2D,
hypertension, obesity, CVD and all-cause mortality, the HRT3 vs. T1 were 1.31 (95% CI:
1.09, 1.57), 1.29 (95% CI: 1.13, 1.47), 1.62 (95% CI: 1.28, 2.05), 1.43 (95% CI: 0.97, 2.12),
and 0.87 (95% CI: 0.69, 1.08), p > 0.05. With the addition of fruit fiber, vegetable fiber,
and legume fiber on the basis of the adjustment for multiple factors of total dietary fiber,
HRT3 vs. T1 in the cohorts of T2D, hypertension, obesity, CVD, and all-cause mortality
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were 1.16 (95% CI: 0.96, 1.41), 1.21 (95% CI: 1.04, 1.40), 1.27 (95% CI: 0.98, 1.65), 1.29 (95%
CI: 0.85, 1.96), and 0.95 (95% CI: 0.75, 1.20), p > 0.05 (Table 3, Figure 2). The results show
that whole-grain fiber is positively associated with the incidence of T2D, hypertension,
and obesity in the unadjusted model and not with the incidence of cardiovascular disease
and all-cause mortality. After multi-factorial adjustment, whole-grain fiber intake was
positively associated with hypertension but not with the onset of other diseases.

Table 3. Multi-variable adjusted HRs (95%CI) of T2D, hypertension, obesity, CVD, and all-cause
mortality according to terciles of whole-grain fiber.

Whole-Grain Fiber

Tercile 1 Tercile 2 Tercile 3 p-Trend

T2D a 1.00 1.33 (1.11, 1.62) 1.31 (1.09, 1.57) 0.06
T2D b1 1.00 1.16 (0.94, 1.43) 1.16 (0.96, 1.41) 0.12
Hypertension a 1.00 1.13 (0.96, 1.31) 1.29 (1.13, 1.47) 0.04
Hypertension c1 1.00 1.05 (0.88, 1.25) 1.21 (1.04, 1.40) 0.03
Obesity a 1.00 1.67 (1.29, 2.15) 1.62 (1.28, 2.05) 0.73
Obesity c1 1.00 1.23 (0.91, 1.65) 1.27 (0.98, 1.65) 0.55
CVD a 1.00 1.04 (0.64, 1.70) 1.43 (0.97, 2.12) 0.16
CVD c1 1.00 0.94 (0.56, 1.59) 1.29 (0.85, 1.96) 0.52
All-cause mortality a 1.00 0.83 (0.65, 1.06) 0.87 (0.69, 1.08) 0.14
All-cause mortality c1 1.00 0.98 (0.75, 1.28) 0.95 (0.75, 1.20) 0.09

a: Confounding factors were not adjusted. b1: HRs were examined using Cox proportional hazard models.
adjusted for age, sex, BMI, education, regions physical activity, smoking status, alcohol drinking, total energy
intake, total carbohydrate intake, protein intake, fatty intake, legume fiber, fruit fiber, and vegetable fiber. c1: HRs
were examined using Cox proportional hazard models adjusted for age, sex, BMI, education, regions, physical
activity, smoking status, alcohol drinking, total energy intake, total carbohydrate intake, protein intake, fatty
intake, systolic blood pressure, diastolic blood pressure, Na intake, legume fiber, fruit fiber, and vegetable fiber.

3.4. Associations between Legume Fiber Intake and T2D, Hypertension, Obesity, CVD, and
All-Cause Mortality

In the terciles of legume fiber intake, The HRT3 vs. T1 in the cohorts of T2D, hyper-
tension, obesity, CVD, and all-cause mortality were 1.12 (95% CI: 0.93, 1.33), 1.07 (95%
CI: 0.94, 1.22), 1.06 (95%CI: 0.84, 1.33), 1.06 (95%CI: 0.70, 1.60), and 0.86 (95%CI: 0.69,
1.07), p > 0.05. After adding fruit fiber, vegetable fiber, and whole-grain fiber to adjust for
the multiple factors of total dietary fiber, HRT3 vs. T1 in T2D, hypertension, obesity, CVD
and all-cause mortality cohorts were 0.97 (95% CI: 0.79, 1.19), 0.97 (95% CI: 0.83, 1.13),
0.92 (95% CI: 0.70, 1.21), 0.90 (95% CI: 0.56, 1.46), and 1.04 (95% CI: 0.80, 1.33), p > 0.05
(Table 4, Figure 2). The results show that legume fiber was not associated with the develop-
ment of T2D, hypertension, obesity, CVD and all-cause mortality.

Table 4. Multi-variable adjusted HR (95% CI) of T2D, hypertension, obesity, CVD, and all-cause
mortality according to terciles of legume fiber.

Legume Fiber

Tercile 1 Tercile 2 Tercile 3 p-Trend

T2D a 1.00 1.15 (0.92, 1.43) 1.12 (0.93, 1.33) 0.43
T2D b2 1.00 1.09 (0.87, 1.38) 0.97 (0.79, 1.19) 0.24
Hypertension a 1.00 0.95 (0.79, 1.15) 1.07 (0.94, 1.22) 0.37
Hypertension c2 1.00 1.01 (0.82, 1.24) 0.97 (0.83, 1.13) 0.16
Obesity a 1.00 0.84 (0.59, 1.20) 1.06 (0.84, 1.33) 0.20
Obesity c2 1.00 0.84 (0.57, 1.25) 0.92 (0.70, 1.21) 0.08
CVD a 1.00 1.06 (0.63, 1.76) 1.06 (0.70, 1.60) 0.12
CVD c2 1.00 1.09 (0.64, 1.85) 0.90 (0.56, 1.46) 0.67
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Table 4. Cont.

Legume Fiber

Tercile 1 Tercile 2 Tercile 3 p-Trend

All-cause mortality a 1.00 0.91 (0.70, 1.20) 0.86 (0.69, 1.07) 0.19
All-cause mortality c2 1.00 1.07 (0.81, 1.42) 1.04 (0.80, 1.33) 0.46

a: Confounding factors were not adjusted. b2: HRs were examined using Cox proportional hazard models.
Adjusted for age, sex, BMI, education, regions physical activity, smoking status, alcohol drinking, total energy
intake, total carbohydrate intake, protein intake, fatty intake, whole-grain fiber, fruit fiber, and vegetable fiber.
c2: HRs were examined using Cox proportional hazard models. Adjusted for age, sex, BMI, education, regions,
physical activity, smoking status, alcohol drinking, total energy intake, total carbohydrate intake, protein intake,
fatty intake, systolic blood pressure, diastolic blood pressure, Na intake, whole-grain fiber, fruit fiber, and vegetable
fiber.

3.5. Associations between Vegetable Fiber Intake and T2D, Hypertension, Obesity, CVD, and
All-Cause Mortality

After vegetable fiber intake by quartiles classification, HRQ4 vs. Q1 in the cohorts of
T2D, hypertension, obesity, CVD, and all-cause mortality were 0.85 (95% CI: 0.68, 1.06),
0.90 (95% CI: 0.77, 1.06), 0.72 (95% CI: 0.54, 0.96), 0.85 (95% CI: 0.53, 1.36), and 1.14 (95% CI:
0.89, 1.46), respectively, p > 0.05. After adding fruit fiber, legume fiber, and whole-grain
fiber to adjust for multiple factors of total dietary fiber, HRQ3 vs. Q1 in the cohorts of T2D,
hypertension, obesity, CVD and all-cause mortality were 0.89 (95% CI: 0.70, 1.12), 0.96 (95%
CI: 0.80, 1.15), 0.75 (95% CI: 0.54, 1.03), 0.77 (95% CI: 0.46, 1.29), 1.19 (95% CI: 0.91, 1.56),
respectively, p > 0.05 (Table 5, Figure 2). The results show that vegetable fiber was not
associated with the onset of T2D, hypertension, obesity, CVD and all-cause mortality.

Table 5. Multivariable adjusted HRs (95% CI) of T2D, hypertension, obesity, CVD, and all-cause
mortality according to quartiles of vegetable fiber.

Vegetable Fiber

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p-Trend

T2D a 1.00 0.85 (0.68, 1.06) 0.97 (0.79, 1.20) 0.85 (0.68, 1.06) 0.24
T2D b3 1.00 0.83 (0.66, 1.05) 0.97 (0.77, 1.21) 0.89 (0.70, 1.12) 0.34
Hypertension a 1.00 0.93 (0.79, 1.09) 0.92 (0.78, 1.08) 0.90 (0.77, 1.06) 0.18
Hypertension c3 1.00 1.01 (0.85, 1.20) 0.96 (0.81, 1.15) 0.96 (0.80, 1.15) 0.12
Obesity a 1.00 0.72 (0.54, 0.96) 0.84 (0.64, 1.10) 0.72 (0.54, 0.96) 0.46
Obesity c3 1.00 0.78 (0.57, 1.08) 0.87 (0.64, 1.19) 0.75 (0.54, 1.03) 0.71
CVD a 1.00 0.72 (0.43, 1.18) 0.83 (0.51, 1.33) 0.85 (0.53, 1.36) 0.19
CVD c3 1.00 0.70 (0.41, 1.18) 0.75 (0.45, 1.26) 0.77 (0.46, 1.29) 0.83
All-cause
mortality a 1.00 0.97 (0.75, 1.25) 0.88 (0.67, 1.14) 1.14 (0.89, 1.46) 0.16

All-cause
mortality c3 1.00 1.01 (0.77, 1.34) 1.14 (0.85, 1.51) 1.19 (0.91, 1.56) 0.47

a: Confounding factors were not adjusted. b3: HRs were examined using Cox proportional hazard models.
adjusted for age, sex, BMI, education, regions, physical activity, smoking status, alcohol drinking, total energy
intake, total carbohydrate intake, protein intake, fatty intake, whole-grain fiber, fruit fiber, and legume fiber.
c3: HRs were examined using Cox proportional hazard models. Adjusted for age, sex, BMI, education, regions,
physical activity, smoking status, alcohol drinking, total energy intake, total carbohydrate intake, protein intake,
fatty intake, systolic blood pressure, diastolic blood pressure, Na intake, whole-grain fiber, fruit fiber, and legume
fiber.

3.6. Associations between Fruit Fiber Intake and T2D, Hypertension, Obesity, CVD, and All-Cause
Mortality

Because the number of people who did not eat fruit fiber was more than half, the fruit
fiber intake was divided into the fruit fiber intake group and the non-fruit fiber intake
group. Compared to the non-fruit fiber intake group, the HR in the intake group in the
cohorts of T2D, hypertension, obesity, CVD, and all-cause mortality were 0.98 (95% CI:
0.80, 1.20), 0.86 (95% CI: 0.73, 1.02), 1.01 (95% CI: 0.77, 1.33), 0.89 (95%CI: 0.55, 1.46), and
0.58 (95%CI: 0.44, 0.77). After adding the factors of legume fiber, vegetable fiber, and
whole-grain fiber to adjust for the multiple factors of total dietary fiber, the HR of the intake
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group were 0.90 (95% CI: 0.72, 1.12), 0.94 (95% CI: 0.78, 1.13), 0.87 (95% CI: 0.64, 1.19), 0.91
(95% CI: 0.53, 1.54), 0.83 (95% CI: 0.61, 1.13) (Table 6, Figure 2). The results show that fruit
fiber was negatively associated with the onset of all-cause mortality in the unadjusted
model but not with other diseases. However, after adding vegetable fiber, legume fiber,
and whole-grain fiber to adjust for multiple factors of total dietary fiber, fruit fiber was not
associated with the onset of T2D, hypertension, obesity, CVD, and all-cause mortality.

Table 6. Multivariable adjusted HRs (95%CI) of T2D, hypertension, obesity, CVD, and all-cause
mortality according to the classification of intake of fruit fiber or not.

Fruit Fiber

No Intake Group Intake Group

T2D a 1.00 0.98 (0.80, 1.20)
T2D b4 1.00 0.90 (0.72, 1.12)
Hypertension a 1.00 0.86 (0.73, 1.02)
Hypertension c4 1.00 0.94 (0.78, 1.13)
Obesity a 1.00 1.01 (0.77, 1.33)
Obesity c4 1.00 0.87 (0.64, 1.19)
CVD a 1.00 0.89 (0.55, 1.46)
CVD c4 1.00 0.91 (0.53, 1.54)
All-cause mortality a 1.00 0.58 (0.44, 0.77)
All-cause mortality c4 1.00 0.83 (0.61, 1.13)

a: Confounding factors were not adjusted. b4: HRs were examined using Cox proportional hazard models.
adjusted for age, sex, BMI, education, regions, physical activity, smoking status, alcohol drinking, total energy
intake, total carbohydrate intake, protein intake, fatty intake, whole-grain fiber, vegetable fiber, and legume fiber.
c4: HRs were examined using Cox proportional hazard models. adjusted for age, sex, BMI, education, regions,
physical activity, smoking status, alcohol drinking, total energy intake, total carbohydrate intake, protein intake,
fatty intake, systolic blood pressure, diastolic blood pressure, Na intake, whole-grain fiber, vegetable fiber, and
legume fiber.

4. Discussion

In a large prospective cohort of Chinese adults, we concluded that total dietary fiber
and dietary fiber intake from different food sources were not significantly associated with
chronic diseases, such as T2D, hypertension, obesity, cardiovascular disease, and all-cause
mortality.

There are inconsistent findings from previous studies on dietary fiber intake and the
incidence of type 2 diabetes, hypertension, obesity, cardiovascular disease, and all-cause
mortality. On the relationship between dietary fiber intake and the risk of developing type 2
diabetes, a meta-analysis conducted in 2015 [5], which included 18 cohort studies, suggested
that dietary fiber intake was associated with a lower risk of diabetes (HR: 0.82; 95% CI: 0.69,
0.97) but was no longer statistically significant after adjusting for BMI. However, a study in
Japan in (2021) [25] and a study in France in (2020) [13] suggested a negative association
between fiber intake and T2D. On the relationship between dietary fiber intake and the
risk of developing hypertension, two earlier studies showed that fiber intake was not
associated with developing hypertension [26,27]. However, a 2021 US study [28] suggested
dietary fiber was independently associated with a reduced risk of diastolic hypertension
(OR = 0.848, 95% CI 0.770, 0.934) and systolic hypertension (OR = 0.906, 95% CI 0.826,
0.993) after adjustments were made for confounding factors. On the relationship between
dietary fiber intake and the risk of cardiovascular disease, a 2016 Iranian study [7] and a
2022 study from NHNES [29] suggested a negative association between fiber intake and
the development of cardiovascular disease, but a 2020 French study [13] concluded that
dietary fiber intake was not associated with the development of cardiovascular disease
(OR = 0.86, 95% CI: 0.70, 1.06). On the relationship between dietary fiber intake and the risk
of obesity development, a 2010 European study [8] suggested that total fiber intake was
negatively associated with increased body weight and waist circumference. For total fiber
intake above 10 g/day, the combined estimated change in body weight was −39 g/year
(95% CI: −71, −7), and the change in waist circumference was −0.08 cm/year (95% CI:
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−0.11, −0.05). Studies on fiber intake and all-cause mortality yielded inconsistent findings,
such as a meta-analysis in 2015 [30], and a 2020 Japanese study [17], which suggested a
negative association between dietary fiber intake and all-cause mortality. However, a 2020
French cohort study [13] suggested that dietary fiber was not associated with all-cause
mortality (OR = 0.98, 95% CI: 0.72, 1.33).

Our results only partially reproduce some of the findings of previous studies, which
may be related to demographic differences (e.g., country, race, age, sex), and differences in
dietary patterns. In addition, the dietary fiber intake in our population is relatively low and
may be lower than an intake that would provide significant health benefits. For example,
a meta-analysis that included 13 prospective studies [31] and a French cohort study [6]
showed that when the total dietary fiber intake was higher than 25 g/day, it was negatively
associated with developing T2D and hypertension. In contrast, the highest quartile of
dietary fiber intake in our study population was >13.5 g/day, which is much lower than
the dietary fiber intake in previous study populations, which may be one of the reasons
why our study yielded no association.

Ample evidence on dietary fiber suggests that whole-grain fiber may be more likely
than other fibers to reduce the risk of developing diabetes and obesity [8,32–36]. Many
studies suggested that the beneficial effects of whole-grain fiber may be due to the fiber
co-intake of other nutrients (e.g., magnesium and vitamins B1, C, and E), while the lower
glycemic index of higher whole-grain fiber diets may have reduced the risk of diabetes
and obesity development [35]. However, whole-grain fiber was not associated with either
diabetes or obesity in our study. This result may be due to our study population’s relatively
low intake of whole-grain fiber, with the Chinese population generally consuming refined
grains with shallow fiber content. Some studies reported that the effect of cereal fiber on
reducing the risk of developing diabetes and obesity is mainly related to the intake of
whole-grains [11], while other characteristics of refined grains, such as the nature of their
high glycemic index, may influence the observed results.

Some studies reported that high dietary fiber consumption decreased the risk of
hypertension or BP [37–39], although other research studies reported that fiber intake was
not significantly associated with hypertension [40,41]. Compared with the lowest tercile,
the HR (95% CI) of hypertension for the highest tercile intakes of cereal fiber was 0.80
(0.67, 0.96) in US research [37]. The data from SWAN Study suggest that dietary fiber
intake, especially from grains, contributes to a lower risk of systolic and diastolic BP in
middle-aged women [28]. However, our study shows that whole-grain fiber is positively
associated with the incidence of hypertension, which is inconsistent with previous findings.
Differences in results may be related to sample size, ethnicity, dietary patterns, and the
environment of the study population. More research is needed to confirm this result.

Some prospective cohort studies suggest that vegetable and fruit fibers may reduce
the risk of cardiovascular disease more than other fibers [7,14]. It has been proposed that
vegetable and fruit fibers, due to their higher content of soluble and insoluble fibers, can
reduce the activity of fibrinogen activator inhibitor type 1 and coagulation factor VII [42–45]
and affect gut microbiota, modifying the inflammatory response of the body [46]. These
may be some of the mechanisms through which they reduce the risk of cardiovascular
disease. However, our study did not yield relevant conclusions, which may be influenced
by the method of investigation, and differences in the amount and type of fruits and
vegetables consumed in different seasons may impact our findings.

Prospective studies in the United States and Europe have shown that cereal fiber
intake is significantly associated with a lower total mortality [47,48]. In contrast, studies
from Japan concluded that cereal fiber intake was not associated with mortality, but fiber
intake in legumes, vegetables, and fruits was significantly and negatively associated with
total mortality [17]. However, our study concluded that neither total dietary fiber nor
fiber intake from various food sources was significantly associated with mortality. Several
studies have reached different conclusions, with genetic differences among countries and
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races and differences in dietary habits contributing to the final results, in addition to the
low dietary fiber intake of our study population.

Studies on dietary fiber and chronic diseases such as hypertension, obesity, cardio-
vascular disease, and all-cause mortality in the Chinese population are lacking. A 2021
study [49] involving 3250 middle-aged and elderly participants in Hangzhou reported that
dietary fiber intake was associated with a reduced risk of newly diagnosed T2D (odds ratio
(OR) = 0.70, 95% CI: 0.49, 1.0), and another study [50] reported that dietary fiber intake
was associated with a reduced risk of prediabetes in a population in Tianjin (OR = 0.85,
95% CI: 0.75, 0.98). We found that the highest quantile of dietary fiber intake in both study
populations (>15.1 g and >21.4 g, respectively) was higher than in our study population
(>13.5 g). This further confirms that the dietary fiber intake of our study population is too
small to reduce the risk of disease. Of course, the region, age, gender, and dietary habits of
the study population also contribute to a different fiber intake.

The strength of our study is it’s prospective study, the large sample size, and the
systematic exploration of the relationship between dietary fiber intake and various chronic
diseases and all-cause mortality in the Chinese population. Another major strength of our
study is the detailed collection of dietary intakes, collected through repeatedly validated
24-hour dietary records based on an extensive database of more than 6900 food items. This
allowed us to examine the associations between different food groups and various chronic
diseases [51]. However, some limitations should also be acknowledged. Firstly, limited
by the database, although our model adjusted for various potential confounders, residual
confounding by the family history of the disease, certain medical conditions and drugs
variables, or metabolic factors may persist. Secondly, due to the limitations of the cohort
study itself, dietary intake may be influenced by economic and social development, which
may affect the associations with disease. However, to ensure the stability of the dietary data,
we used average year data for 2004 and 2006 as the baseline dietary assessment. Lastly, in
our study, disease detection was primarily based on self-report, and despite this relatively
valid method, misclassification bias could not be ruled out.

5. Conclusions

Our study did not find an association between total dietary fiber and dietary fiber
intake from various food sources with type 2 diabetes, hypertension, obesity, cardiovascular
disease, and all-cause mortality in the Chinese population. However, our study shows
that whole-grain fiber is positively associated with the incidence of hypertension. The
role of dietary fiber in the Chinese population may be overestimated. To further confirm
the association between dietary fiber and these diseases in the Chinese population, more
extraordinary efforts are needed in the future to increase the intake of dietary fiber in
the Chinese population and to try to diversify the food groups in the dietary pattern
(whole-grains, legumes, vegetables, fruits, and meat).
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Abstract: Recently, the impact of patients’ eating habits on both breast cancer (BC) management
and inflammation have been proven. Here, we investigated whether inflammatory habits could
correlate with baseline bowel [18]F-fluorodeoxyglucose (FDG) uptake and the latter, in turn, with
pathological Complete Response (pCR) to neoadjuvant chemotherapy (NAC). We included stage
I–III BC undergoing standard NAC at IRCCS Humanitas Research Hospital, Italy. Patients fulfilled a
survey concerning eating/lifestyle behaviors and performed a staging [18]F-FDG positrone emission
tomography/computed tomography (PET/CT). In the absence of data on the effects of individual
foods, we aggregated drink and food intake for their known inflammatory properties. Data were
recorded for 82 women (median age, 48). We found positive correlations between colon mean
standardized uptake value (SUVmean) and pro-inflammatory drinks (alcohol and spirits; r = +0.33,
p < 0.01) and foods (red and cured meats; r = +0.25, p = 0.04), and a significant negative correlation
between rectum SUVmean and anti-inflammatory foods (fruits and vegetables; r = −0.23, p = 0.04).
Furthermore, colon SUVmean was significantly lower in patients with pCR compared to non pCR
(p = 0.02). Our study showed, for the first time, that patients’ eating habits affected bowel [18]F-FDG
uptake and that colon SUVmean correlated with pCR, suggesting that PET scan could be an instrument
for identifying patients presenting unhealthy behaviors.

Keywords: breast cancer; neoadjuvant chemotherapy; bowel [18]F-FDG PET uptake; nutrition; bowel
inflammation; pathologic complete response

1. Introduction

Breast cancer (BC) is the most common neoplasm and the primary cause of cancer
death in women worldwide. Despite its high incidence, there is a progressive decrease
in cancer mortality and a consequently ever increasing number of cancer survivors [1].
However, many parameters could influence tumor development and survivors’ quality of
life. Among modifiable risk factors, eating habits, body weight, and lifestyle behaviors have
been deeply investigated [2–8]. Increasing evidence suggested that diet plays an important
role in cancer development, progression, and prevention, including BC [9,10]. Several
studies showed that healthy diet and exercise might improve overall survival and quality
of life after BC diagnosis by reducing chemotherapy side effects, limiting comorbidities,
and enhancing therapeutic efficacy [11–15].

[18]F-fluorodeoxyglucose (FDG) positrone emission tomography/computed tomogra-
phy (PET/CT) is a functional imaging technique with extensive use in oncology for staging,
as well as for assessment of cancer relapse and response to therapy [16–18], but also in
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different non-oncological diseases related to infection and inflammation. Interestingly,
recent studies have also shown that [18]F-FDG PET/CT may be useful for detecting benign
bowel inflammatory activity [19–21].

Despite the large number of studies investigating the association between diet and
cancer risk, as well as exploring changes in eating habits in cancer survivors, to date
there are no investigation regarding the possible influence of baseline dietary patterns on
response to therapy in BC. In this study, we aimed to investigate whether, in BC patients,
diet could correlate with bowel [18]F-FDG uptake and the latter, in turn, with pathological
Complete Response (pCR) to standard neoadjuvant chemotherapy (NAC).

2. Materials and Methods

2.1. Study Design and Participants

We performed a prospective mono-centric longitudinal observational proof-of-principle
study, enrolling women who underwent standard NAC for BC at IRCCS Humanitas Re-
search Hospital in Rozzano, Italy.

The inclusion criteria were:

(a) willingness to participate to the study;
(b) age ≥ 18 years old;
(c) female gender;
(d) histopathologically confirmed diagnosis of BC;
(e) clinical stage T1c-T4, N0-N3, M0 at presentation;
(f) Eastern Cooperative Oncology Group (ECOG) Performance Status 0–1;
(g) baseline left ventricular ejection fraction ≥ 55%;
(h) adequate hematologic, liver and hepatic function;
(i) ability to give informed consent according to International Conference on Harmoniza-

tion /European Union Good Clinical Practice, and national/local regulation.

The exclusion criteria were:

a. inability to respond to survey;
b. prior history of invasive BC;
c. stage IV BC;
d. prior systemic therapy for BC;
e. previous therapy with anthracyclines/taxanes for any malignancy;
f. use of immunomodulatory agents at the time of enrolment/during the previous

2 months;
g. use of antibiotics at the time of enrolment/during the previous month;
h. history of other malignancy within 5 years prior to the enrolment;
i. pregnancy/breastfeeding/intention of becoming pregnant during the study.

At baseline, participants performed a whole-body staging [18]F-FDG PET/CT scan ac-
cording to the recommendations of the European Association of Nuclear Medicine (EANM)
guidelines [22]. NAC was administered according to international and national clinical
guidelines after a multidisciplinary discussion on each single case. NAC regimens included
anthracycline-based chemotherapy followed by (i) weekly carboplatin and paclitaxel in
case of triple-negative BC, (ii) docetaxel and trastuzumab in case of human epidermal
growth factor receptor 2 (HER2) positive BC, or (iii) docetaxel alone in case of luminal-like
disease. Data on pathological response were collected and regular follow-up of the patients
was performed. A flowchart of the recruitment and follow-up process is reported in Supple-
mentary Materials Figure S1. The study was approved by the IRCCS Humanitas Research
Hospital Ethics Committee (Protocol identifying number ONC/OSS-02/2019). All patients
signed the informed consent form in accordance with the Declaration of Helsinki.

2.2. Survey Design

At baseline, before NAC therapy, all enrolled women fulfilled a survey developed by
our dietitian nutritionist following national and international guidelines, which concerned
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their eating habits and the frequency of their physical activity. Specifically, patients have
been asked to describe their diet as omnivorous/varied, vegetarian, or vegan and to report
weekly frequencies of the consumption of 16 food items: milk, dairy products, alcoholic
drinks, spirits, white meat, read meat, eggs, fruits, vegetables, fish, pulses, cereals, cured
meat, salty snacks, sweet snacks/drinks, and nuts. The survey also investigated whether
BC patients performed exercise regularly (stated as weekly frequency and type of exercise;
a copy of the survey is reported in Supplementary Materials Figure S2). The questionnaire
was self-administered, easy to understand, and provided semi-quantitative data. Food
consumption frequencies of BC patients were analyzed in comparison with an ideal healthy
diet (2000 kcal/die) [23] and results were reported as “more”, “correct”, or “less”. When no
responses were provided, we indicated it as “missing data”.

2.3. [18]F-FDG PET/CT Acquisition Protocol

Fasting for at least 6 h prior radiopharmaceutical injection and rest (restrained from
excess physical activity and talking) were required as preparation for [18]F-FDG PET/CT
imaging. Prior to radiotracer injection, blood glucose level measurements were obtained
if serum glucose concentration was lower than 200 mg/dL, an intravenous injection of
~6 Megabecquerel (Mbq)/kg of [18]F-FDG was performed. Post-injection, a one-hour
interlude was mandatory for all participants.

Subsequently, each patient was scanned using one of two integrated PET-CT scanners:
a Siemens Biograph LS 6 scanner (Siemens, Munich, Germany), or a GE Discovery PET-CT
690 (General Electric Healthcare, Waukesha, WI, USA). After attenuation correction, images
were reconstructed obtaining axial, sagittal, coronal CT, PET, and PET/CT fused images.

On axial images, an experienced nuclear medicine physician designed regions (ROI)
to extract values of semi-quantitative parameters of radiotracer mean standardized uptake
value (SUVmean). Two ROIs were positioned on the area of highest uptake respectively in
the rectum-sigmoid district and in the remaining part of the colon.

2.4. Statistical Analysis

Results were presented as means ± standard deviations, medians and ranges, or
percentages of the total. Parametric or non-parametric tests were used according to the
data mean distribution.

Correlation analysis was performed by using Pearson’s coefficient between SUVmean
of colon and rectum on one side, and dietary habits, frequency of physical activity, body
mass index (BMI), and smoking habit on the other. Concerning eating habits, in the
absence of data on the effects of individual foods, weekly intake of well-known pro- and
anti-inflammatory drinks or foods were aggregated. Specifically, weekly frequency of
consumption of alcoholic drinks and spirits were added together and referred to as “pro-
inflammatory drinks”. In the same way, we putted together intakes of red and cured meats
(“pro-inflammatory foods”) and of fruits and vegetable (“anti-inflammatory foods”). We
performed a multiple comparison correction by False Discovery Rate (FDR).

Differences between values of bowel SUVmean in patients obtaining pCR and non pCR
were tested using a two-sided t-test. Analyses were run separately for the SUVmean values
of the rectum and of the colon.

Moreover, multivariate approach was carried out using Discriminant Function Analy-
sis (DFA), which is a powerful tool to build associative models with categorical outcome of
interest, as in this case (pCR versus non pCR). A deeper description of DFA is provided
elsewhere [24–27]. In brief, DFA estimates the linear combination of selected covariates
able to split single cases into groups according to an outcome of interest. DFA provides a
model in which the variables associated to the outcome are listed according to their weight
in decreasing order. Significance level was set at <0.05 after proper correction. Statistics
were performed with STATISTICA, version 7, StatSoft, OK, USA.
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3. Results

3.1. Patients’ and Tumors’ Characteristics

Demographic details of the 82 patients enrolled in the study are depicted in Tables 1 and 2.
Both average and median age were 48 years (range, 25–72 years). Focusing on BC risk
factors, 18.3% of the population were smokers, whereas 64.6% never smoked and the re-
maining 17.1% stopped smoking before BC diagnosis (median time from quitting smoking,
10 years). Most women were premenopausal (57.3%), and the average BMI was 23.68
(range, 16.18–35.82). An amount of 61% of women had a normal BMI, 4.9% were under-
weight, and 30.5% were overweight, whereas only 3.7% were obese. Eleven patients had a
gastrointestinal comorbidity and only one had insulin-dependent diabetes mellitus. We
conducted an analysis of variance ANOVA to test whether comorbidities could influence
levels of bowel [18]F-FDG uptake with no significant differences (p = 0.50). All patients
were diagnosed with stage IA–IIIB BC and most tumors were high grade (43 patients had
G3 tumor). Furthermore, 45 women were diagnosed with a HER2 + BC, 29 had a triple-
negative breast cancer (TNBC), and the remaining presented luminal-like tumors (one
Luminal A and seven Luminal B). At the end of NAC, 37 patients reached pCR, whereas 45
did not.

3.2. Eating Habits

Almost all enrolled women were omnivorous, two patients followed a vegetarian
diet, whereas only one was vegan. In Figure 1 and Table 3, eating habits of participants
alone and compared to an ideal healthy diet [23] are illustrated, respectively. Most women
showed a correct intake of alcohol and spirits (weekly frequency equal to 0), as well as
fruits, vegetables, and cereals. However, weekly consumption of milk, diary supplements,
eggs, fish, pulses, and nuts was under the healthy recommended level [23]. On the contrary,
there was an overconsumption of cured meats and snacks. Focusing on the strongest
dietary recommendation for cancer patients (i.e., a correct intake of white meat, fruits and
vegetables, fish, and pulses or cereals) [28], we noticed that only 3.7% of patients followed a
healthy diet before BC diagnosis. Interestingly, 52.4% of patients declared that they usually
exercise regularly (Table 4).

Table 1. Demographic and clinical BC patients’ characteristics.

Patients (n = 82)

n %

Age
<50 46 56.1

50–64 29 35.4
≥65 7 8.5

Smoke
no 53 64.6

yes 15 18.3
former 14 17.1

Menopause
no 47 57.3

yes 28 34.1
peri 7 8.5

BMI
<18.5 4 4.9

18.5–24.9 50 61.0
25–29.9 25 30.5

≥30 3 3.7
Comorbidies

None 54 65.9
Intestinal 8 9.8

Others 17 20.7
Intestinal + others 3 3.7

BC, breast cancer; BMI, body mass index.
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Table 2. Histopathological characteristics of BC (n = 82).

no pCR (n = 45) pCR (n = 37)

n % n %

Stage
IA 2 4.4 6 16.2

IIA 17 37.8 19 51.4
IIB 18 40.0 9 24.3

IIIA 6 13.3 3 8.1
IIIB 1 2.2 0 0
IIIC 1 2.2 0 0

Grade
G1 0 0 0 0
G2 16 35.6 9 24.3
G3 29 64.4 28 75.7

Subtype
Luminal A 1 2.2 0 0
Luminal B 3 6.7 4 10.8

HER2+ 27 60.0 18 48.6
TNBC 14 31.1 15 40.5

pCR, pathological Complete Response; HER2+, human epidermal growth factor receptor 2 positive; TNBC,
triple-negative breast cancer.

Table 3. Median of weekly frequency of patients’ food consumption. Range in the brackets.

Weekly Frequency Consumption
Median

Milk 1 (0–7)
Dairy products 2 (0–7)
Alcoholic drinks 0 (0–7)
Spirits 0 (0–2)
White meat 2 (0–6)
Red meat 1 (0–3)
Eggs 1 (0–5)
Fruit 7 (0–7)
Vegetables 7 (1–7)
Fish 1.5 (0–6)
Pulses 1 (0–7)
Cereals 7 (0–7)
Cured meats 2 (0–5)
Salty snacks 1 (0–7)
Sweet snacks/drinks 2.5 (0–7)
Nuts 1 (0–7)

Table 4. Weekly frequencies of patients’ physical activity.

Patients (n = 82)

n %

Exercise weekly frequency
0 37 45.1

1–3 26 31.7
>3 17 20.7

missing 2 2.4
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Figure 1. Distribution of patients’ food consumption frequencies compared to an ideal healthy diet.
“Missing” indicate that no responses were provided. White numbers in the bar represent number
of patients.

3.3. Correlation between Eating and Exercise Habits and Bowel [18]F-FDG Uptake

We then investigated whether increased levels of bowel [18]F-FDG uptake observed
at the staging PET scan could be influenced by patients’ lifestyle, considering both eating
and exercise habits. After FDR correction, we found a positive correlation between baseline
colon SUVmean and pro-inflammatory drinks (r = +0.33, p < 0.01) and foods (r = +0.25,
p = 0.04). A significant negative correlation was also observed between baseline rectum
SUVmean and anti-inflammatory foods (r = −0.23, p = 0.04) (Table 5). No statistically
significant associations were seen with BMI, smoking habits, or physical activity.

Table 5. Pearson’s correlation (r) e relative p-values (p) between bowel [18]F-FDG uptake and
patients’ habits.

Colon SUVmean Rectum SUVmean

r p r p

Pro-
inflammatory
drinks

+0.33 <0.01 +0.14 0.51

Pro-
inflammatory
foods

+0.25 0.04 +0.02 0.86

Anti-
inflammatory
foods

−0.21 0.05 −0.23 0.04

Physical activity −0.20 0.46 −0.11 0.64
Smoke −0.30 0.81 −0.07 0.96
BMI +0.17 0.79 +0.15 0.83

SUVmean, mean standardized uptake value; BMI, body mass index.

3.4. Association between Bowel [18]F-FDG Uptake and Response to Therapy

At baseline, rectum SUVmean did not differ between patients who experienced a pCR
(1.99 ± 0.59) and patients who did not (2.13 ± 1.11) (p = 0.48). On the other hand, colon
SUVmean was significantly lower in patients who experienced pCR after NAC (1.58 ± 0.56;
Figure 2) compared with non pCR patients (2.05 ± 1.17; Figure 3) (p = 0.02; Figure 4).

The multivariate approach confirmed results from the univariate analysis (F(6.67) = 2.49;
p < 0.03). DFA model pinpointed the factors that were significantly associated to pCR: colon
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SUVmean, cured meats, rectum SUVmean, fruits, alcoholic drinks, and red meat. Together,
these factors could explain up to 98.1% of the variance, and the first two factors (i.e., colon
SUVmean and cured meat) explained by themselves more than 90% of the variance (see
Supplementary Materials Table S1).

Figure 2. Sagittal (left panel) and coronal (right panel) images of whole-body [18]F-FDG PET/CT
scan. PET (upper panels) and fused PET/CT (lower panels) images, showing faint diffuse [18]F-FDG
colon and rectum uptake in a BC patient who reached pCR. FDG, fluorodeoxyglucose; PET/CT,
positron emission tomography/computed tomography; BC, breast cancer; pCR, pathological Com-
plete Response; PA: posterior-anterior, ; LR: left-right.

Figure 3. Sagittal (left panel) and coronal (right panel) images of whole-body [18]F-FDG PET/CT scan.
PET (upper panels) and fused PET/CT (lower panels) images, showing diffuse nonhomogeneous
[18]F-FDG uptake in colon and rectum in a BC patient who did not reach pCR.
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Figure 4. Distribution of baseline colon SUVmean values in patients who subsequently experienced
pCR after NAC compared to no pCR patients. The mean value for each group is indicated by a
central square. Boxes indicate the Standard Error. Whiskers represent 1.96 × Standard Error. NAC,
neoadjuvant chemotherapy; SUVmean, mean standardized uptake value.

4. Discussion

Currently, it is well established that maintaining a healthy weight, being physically
active, and following healthy eating patterns can reduce cancer risk and increase patients’
outcome and quality of life [4,5,9,10]. Besides their impact on cancer management, dietary
components have profound effects on inflammation. On one hand, human diet is a highly
complex mixture of chemical compounds which make it difficult to clearly predict the final
result of their overall effects. On the other hand, several dietary components have been
demonstrated to modify cancer risk by modulating systemic inflammation. Some nutrients
like omega-3 fatty acids and fiber can reduce inflammation, while others like refined carbo-
hydrates, cholesterol, and saturated fatty acids have pro-inflammatory activities [29–35].
However, to our knowledge, no data has emerged, until now, concerning the influence
of pro-inflammatory habits on response to NAC in BC patients. Here, we investigated
this association, taking advantage of bowel [18]F-FDG uptake measured before NAC as a
parameter for detecting bowel inflammation induced by unhealthy habits.

In agreement with previous data [28], in our study population at the time of diagnosis,
the percentage of women following all recommendations included in an ideal healthy
diet was very low (3.7%). Nevertheless, we noticed that most BC patients had a correct
intake of fruits, vegetables, and cereals, did not drink alcohol or spirits, had an appropriate
BMI, and regularly performed physical activity, just as suggested for cancer prevention
and management [4,9]. On the other hand, in our cohort, few women adhered to recom-
mendations concerning red and processed meat, which were classified by World Health
Organization’s International Agency for Research on Cancer as probably carcinogen and
carcinogen, respectively [9]. Indeed, more than one third of the patients overemployed
their consumption and about half of them abused cured meat.

Besides their effects on cancer, unhealthy habits may have an impact on bowel in-
flammation [29–34,36]. Thus, we assessed whether increased levels of bowel [18]F-FDG
uptake correlated with well-known pro-inflammatory foods could be a marker of bowel
inflammation. Drinks and foods were aggregated considering their well-known pro- or
anti-inflammatory activities, since no data on the effects of individual foods were available.
We observed that colon [18]F-FDG uptake positively correlated with the consumption
of pro-inflammatory drinks and foods, whereas rectum [18]F-FDG uptake was inversely
associated with anti-inflammatory food intake. Interestingly, colon SUVmean showed a
negative correlation trend with anti-inflammatory foods (p = 0.05). These findings reflect, at
least in part, literature results. In fact, it has been proven that a diet rich in fats, processed
meats, and sweet/salty snacks increased serum inflammatory markers [37]. Contrary, a
decrease in inflammatory factors was associated with dietary patterns rich in fruits and
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vegetables [31–34]. Thus, we can speculate that bowel [18]F-FDG uptake may be affected
by both pro- and anti-inflammatory foods and that we may use PET scan as an instrument
for the identification of patients with increased levels of [18]F-FDG uptake suggestive of
bowel inflammation. Furthermore, it could be useful to discuss the possible mechanisms
influencing the absorption of [18]F-FDG in the small and large bowel. A low-carbohydrate,
high-fat diet in the hours immediately before the PET examination reduced the [18]F-FDG
uptake in the descending colon and small bowel when compared to a routine diet [38],
possibly exerting its effect acting on the Randle cycle as previously demonstrated [39].
However, this condition should have marginally influenced our case since all patients were
on the same dietary limitations (low-carbohydrate diet since lunch on the day preceding
the PET scan). Surprisingly, we have shown here, for the first time, that colon mean [18]F-
FDG uptake was also inversely correlated with pCR, thus suggesting a role for colonic
inflammation and possibly its causative unhealthy foods and beverages in NAC response.
Furthermore, since pCR is considered a surrogate endpoint for long-term outcome [40],
we could speculate that unhealthy foods that trigger colonic inflammation may have an
impact on long-term outcome in BC patients. These results have also been confirmed by the
multivariate analysis carried out with DFA that highlighted that pCR was more strongly
influenced by colon [18]F-FDG uptake and cured meat; these were the variables that most
influenced the discrimination between pCR and not-pCR cases.

The influence of dietary patterns is widely recognized in inflammatory bowel disease.
An unhealthy diet, rich in processed meat and low in fibers, has been associated with
alterations in the gut microbiome and barrier function of the colonic epithelium [41]. In
particular, some evidence indicated that fiber is more effective than the Mediterranean
diet on influencing the gut microbiota composition [42–46]. In vivo studies have shown
that disruption of the healthy gut microbiota has direct effects on the immune system
by triggering a pro-inflammatory environment controlled by specific subpopulations of
the immune system (e.g., natural killer cells) [47]. Therefore, a healthy diet including
high-fiber foods, such as fruits, vegetables, and whole grains, could effectively reduce
the risk of several metabolic diseases, including colorectal and breast cancer [48–50]. In
addition, previous studies have demonstrated an association between gut microbiota and
physiologic bowel [18]F-FDG activity both in healthy subjects and BC patients [51,52]. In
healthy subjects, different levels of bowel uptake were associated with specific microbial
taxa, thus suggesting that an increased [18]F-FDG uptake might be caused by an increment
in intestinal permeability and might reflect impaired intestinal barrier function [51]. On the
other hand, Yoon and colleagues found that changes in intestinal bacteria abundance in BC
patients were associated with physiological intestinal [18]F-FDG and that the latter was
associated with pro-inflammatory Tumor Necrosis Factor-α, thus further supporting the
link between mucosal inflammation and physiologic intestinal [18]F-FDG uptake [52].

In the present study, no association was observed between the rectum SUVmean and
the pCR. However, compared to the rectum, the colon performs most of the large bowel
functions. In addition to systemic immune control and microbiota function, colon phys-
iology is determined by the role of the various epithelial cells that form its mucosa and
are responsible for water and electrolyte absorption [53]. In addition, probiotic bacteria in
the colon flora, such as Lactobacillus and Bifidobacterium, regulate micronutrient levels such
as vitamins (e.g., folate-producing strains) and exert an immunomodulatory effect [54].
Therefore, the impact of inflammation at the colon level is far more compelling, due to its
multiple functions that could interfere with response to NAC, than the possible inflam-
matory alterations of the rectum, which is primarily responsible as a reservoir for fecal
content [55].

Different studies have investigated the effect of exercise in counteracting inflam-
mation [56], and in obtaining benefits for patients with cancer [4,12]. However, in this
population, no statistical significance has been reached between physical activity and bowel
[18]F-FDG uptake, despite correlation analyses suggested an inverse association. This
could be due to the limited sample size or to the lack of accurate information about type,
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intensity, and duration of exercise. Moreover, we could not exclude that physical activity
may have an impact on inflammation and/or NAC response without affecting bowel tracts.

Similarly, despite the well-recognized role of excess body weight on BC risk [9] and
inflammation [36], in this study, we did not find a correlation between bowel [18]F-FDG
uptake and BMI. Nevertheless, we have to point out that our population was mainly
composed by normal weight women (only the 3.7% of patients were obese), thus possibly
mitigating the effect of this parameter on inflammation. Likewise, the lack of correlation
between smoking and [18]F-FDG bowel uptake may be due to the small proportion of
smokers in our population (i.e., 18.3%).

Some limitations of the present study should be mentioned. First of all, the mono-
centric design of the study impacted on the sample size. Due to the pilot nature of this
study, we did not calculate an a priori formal sample size estimation, so the conclusions
drawn by such a small group of patients should be taken with caution. However, this study
could provide us the effect size needed to plan a larger observational study to confirm and
validate our findings. Furthermore, we recognize that the present study lacks comparison
of dietary diversity as a consequence of the small sample size and the omnivorous habits of
most patients. On the other hand, we recruited more than 80 patients, which is on average,
more than usual for PET studies [51,57–66]. Moreover, a single center study allows a better
uniformity in patients’ recruitment, data collection, and PET scanning procedures. This
allowed us to exclude potential interferences in the results. In fact, the observed increased
bowel [18]F-FDG uptake could be due to interfering factors different from eating habits.
However, all women followed PET preparation guidelines, including at least 6 h fasting
and avoiding the consumption of carbohydrates on the evening before in order to minimize
variability due to the last meal before PET. In addition, during the analyses, we took into
consideration all comorbidities of our population, without finding differences in bowel
[18]F-FDG uptake between patients with a history of gastrointestinal diseases and women
without. Finally, none of our patients assumed the oral hypoglycemic treatment Metformin
that is known to affect intestinal [18]F-FDG uptake in diabetic patients [67]. Only one of
the enrolled women was diabetic and she treated it through an insulin pen.

5. Conclusions

In conclusion, albeit the pilot nature of the study, the most striking result of our study
is to have pinpointed an association between NAC not-complete response and increased
levels of colon [18]F-FDG uptake, which are affected by BC patients’ pro-inflammatory
eating habits (i.e., consumption of unhealthy foods/drinks), for the first time. Additional
investigations in enlarged cohorts are needed to confirm and validate our proof-of-principle
study and to deeply investigate whether [18]F-FDG PET/CT could be an easy instrument for
identifying BC patients who could be referred for nutritional counseling. Moreover, ongoing
studies on transcriptome profiling will enhance our understanding of the interaction
between bowel inflammation and NAC response in BC.
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Abstract: Dietary and genetic factors are considered to be associated with UGI cancer risk. However,
examinations of the effect of healthy diet on UGI cancer risk and the extent to which healthy diet
modifies the impact of genetic susceptibility on UGI cancer remains limited. Associations were ana-
lyzed through Cox regression of the UK Biobank data (n = 415,589). Healthy diet, based on “healthy
diet score,” was determined according to fruit, vegetables, grains, fish, and meat consumption. We
compared adherence to healthy diet and the risk of UGI cancer. We also constructed a UGI polygenic
risk score (UGI-PRS) to assess the combined effect of genetic risk and healthy diet. For the results high
adherence to healthy diet reduced 24% UGI cancer risk (HR high-quality diet: 0.76 (0.62–0.93), p = 0.009).
A combined effect of high genetic risk and unhealthy diet on UGI cancer risk was observed, with HR
reaching 1.60 (1.20–2.13, p = 0.001). Among participants with high genetic risk, the absolute five-year
incidence risk of UGI cancer was significantly reduced, from 0.16% to 0.10%, by having a healthy
diet. In summary, healthy diet decreased UGI cancer risk, and individuals with high genetic risk can
attenuate UGI cancer risk by adopting a healthy diet.

Keywords: UGI cancer; dietary pattern; polygenic risk score; prospective cohort; UK Biobank

1. Introduction

Upper gastrointestinal (UGI) cancer, including esophageal cancer (ESC) and gastric
cancer (GC), account for 1.7 million new cancer cases and 1.3 million deaths each year
worldwide [1]. Previous studies have identified several common environmental risk factors
for UGI cancer, including tobacco [2] and alcohol consumption [3], obesity [4], physical
activity [5], and dietary factors [6]. Dietary components have received an increasing amount
of attention as a potentially modifiable factor [7,8].

It was estimated that 5.1–5.9% of cancer cases each year worldwide can be attributed
directly to poor diet [9]. As recently reported by the World Cancer Research Fund Interna-
tional/American Institute for Cancer Research, the role of individual dietary components
on UGI cancer risk remains controversial and limited [10]. Rather than individual dietary
components, people consume diverse foods together, and the resulting complex combi-
nation of dietary components is likely to have interactive or synergistic effects [11]. In
this context, dietary pattern analysis has been recommended as an approach because it
considers the complexity of overall diet and can potentially facilitate public health inter-
ventions [12]. In recent years, cancer prevention guidelines have shifted from reductionist
or nutrition-centric approaches to more holistic dietary concepts characterized by dietary
patterns. Holistic dietary concepts emphasize how food as a whole can prevent chronic
disease, associating nutrients, foods or food groups with health rather than studying the
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role played by nutrient/food interactions in health [13–15]. Adherence to a dietary pattern
can be assessed using a priori method, which is constructed on the basis of a predefined set
of criteria (generally based on guidelines) to measure diet quality in a given population [16],
which would be easier to make comparisons between different studies and populations. A
meta-analysis of the association of GC risk with dietary patterns indicated that Western
dietary patterns (generally considered unhealthy, characterized by an increased consump-
tion of meat, high-fat dairy products, sweets, and starchy foods) were associated with a
higher GC risk, while prudent dietary patterns (generally considered healthy, characterized
by higher intake of vegetables and fruits) played a protective factor [17]. A case-control
study suggested that adherence to a healthy dietary pattern represented by high loadings
of vegetables and fruits was associated with a lower risk of GC [18]. However, there is
no large-scale prospective cohort study that systematically investigates the association
between dietary patterns and UGI cancer risk.

Accumulating evidence has shown that genetic factors have major roles in the de-
velopment of UGI cancer [19,20]. Recent genome-wide association studies (GWAS) have
identified dozens of genetic variants associated with UGI cancer risk [21,22]. The PRSs,
gathering genetic contribution and effects of all UGI cancer-associated genetic variants,
have been proven to effectively predict incident cases of ESC and GC [23,24]. Both dietary
factors and genetic risk play an essential role in the development of the disease. A Gene-
Diet Interaction Study from the UK Biobank showed that, compared with those in the
lowest intraocular pressure (IOP) polygenic risk score (PRS) quartile who consumed no
caffeine, those in the highest IOP PRS quartile who consumed ≥321 mg/day showed a
3.90-fold higher glaucoma prevalence [25]. Moreover, one current study suggested that
genetic factors modified the association between diet and cardiovascular disease (CVD) [26].
However, previous studies have typically focused on the separate effects of dietary factors
and genetic factors on UGI cancer risk. Few studies provided insight into the combined
effect of dietary factors and genetic factors on UGI cancer risk. It is unclear whether there
is a gene-diet combined effect or interaction in the risk of UGI cancer development, as well
as the extent to which participants with a high genetic risk of UGI cancer can offset that
risk by adhering to a healthy diet.

In this study, we conducted dietary pattern analysis based on examining the adherence
to healthy diet and investigated the association of adherence to healthy diet with UGI cancer
risk using UK Biobank data. We also tested the hypothesis that dietary factors and genetic
factors jointly contribute to incident UGI cancer and that adopting a healthy diet can
attenuate UGI cancer risk for individuals at high genetic risk.

2. Materials and Methods

2.1. Study Design and Participants

UK Biobank is a large, population-based prospective study with genetic and phe-
notypic data. Between 2006 and 2010, UK Biobank recruited over 500,000 participants
from the general population who were aged 40–69 years. Participants were recruited at
22 assessment centers located throughout England, Wales, and Scotland [27]. Partici-
pants completed a touch-screen questionnaire, took physical measurements, and provided
biological samples at assessment centers. The basic collection details are described else-
where [28,29]. We excluded participants with prevalent cancer (n = 46,531), those who
were missing any dietary information data (n = 40,132), and individuals who had with-
drawn consent for future linkage (n = 157), leaving 415,589 participants (193,083 men and
222,506 women) included in the study. First, we examined the association between the
degree of adherence to healthy diet defined by healthy diet score and UGI cancer risk.
Then, we compared the combined effect and interactions of healthy diet and genetic risk
categories on UGI cancer risk across genetic risk groups. Last, we compared the benefit of
adherence to a healthy diet within genetic risk groups (Figure 1).
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Figure 1. Study design and workflow. 1 For healthy diet and genetic risk on UGI cancer risk across
and within genetic risk group analysis, participants without available genetic information were
excluded (n = 21,032).

2.2. Exposure Measurement
2.2.1. Dietary Intake Assessment

The touch-screen questionnaire, self-completed at baseline, was used to collect the
frequency of consumption of the following 12 food items over the previous year with
FFQ: beef, lamb, pork, processed meat, oily fish, non-oily fish, fresh fruit, dried fruit, raw
vegetables, cooked vegetables, cereal, and bread. We also created new data fields based on
food items: (1) Red meat intake, (2) Total fish intake, (3) Total vegetables intake, (4) Total
fruit intake, (5) Whole grains intake, and (6) Refined grains intake. We summed beef, lamb
and pork intake to create red meat intake. We also summed oily fish and non-oily fish
intake to generate total fish intake. To calculate total vegetables and fruit consumption
respectively, we aggregated cooked vegetables and salad/raw vegetable intake as total
vegetables intake, and fresh fruit and dried fruit as total fruit intake. We divided grains
into whole grains and refined grains according to the type of bread and cereal mainly
consumed. We defined wholemeal or wholegrain bread, bran cereal, oat cereal, and muesli
as whole grains; white bread, brown bread, other bread, biscuit cereal, and other cereals as
refined grains. We categorized the 12 food items into 7 food groups, including red meat,
processed meat, total fish, total fruit, total vegetables, whole grains and refined grains. We
also defined serving size for each baseline food items. For bread and cereal, data were
provided for weekly consumption, which were converted into daily consumption. Detailed
serving size and coding for each food item/food group are shown in Table S1.

2.2.2. Healthy Diet Score Estimation

We adopted seven dietary factors and cut-offs according to recommendations for
dietary priorities on cardiometabolic health [30], that is, increasing fruit, vegetables, whole
grains, and fish consumption, and decreasing red meat, processed meat, and refined grains
intake. The healthy diet score was calculated using the seven dietary components: Total fruit
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≥ 4 servings/day; Total vegetables ≥ 4 servings/day; Total fish ≥ 2 servings/week; Processed
meat ≤ 1 serving/week; Red meat ≤ 1.5 servings/week; Whole grains ≥ 3 servings/day;
Refined grains ≤ 1.5 servings/day. Each favorable dietary factor was given one point
(Table S2). The score ranged from 0 to 7; we defined score 0–1 as low-quality diet, 2–4 as
intermediate-quality diet, and 5–7 as high-quality diet, according to data distribution
characteristics. Next, we categorized the scores into unfavorable diet (healthy diet score < 4)
and favorable diet (healthy diet score ≥ 4).

2.3. PRS Calculation and UGI-PRS Construction

Genotyping process and single nucleotide polymorphisms (SNPs) used in the UKB
research have been described elsewhere in detail [31,32]. We extracted variants with
p < 5 × 10−8 and minor allele frequency (MAF) ≥0.01 from GWAS with the largest sample
size in European ancestry [23,33]. For variants that were not available in the UKB genotyp-
ing data, their strong correlated SNPs (r2 > 0.8) were included in the present study. If more
than one variant correlated in the same locus were reported, the SNPs with the smallest
reported p-value were selected by using the linkage disequilibrium clumping procedure
(at r2 < 0.2) in PLINK. We excluded SNPs with allele mismatches or MAF differences > 0.10,
compared with those in the European population of 1000 Genomes, and palindromic SNPs
(A/T, G/C) with an MAF ≥0.45. Finally, we estimated site-specific PRS based on 13 SNPs
and 3 SNPs for ESC and GC, respectively (Table S3). No SNPs were shared or in high LD
(r2 > 0.6) with each other in more than one site-specific PRS. Firstly, site-specific PRS was
created following an additive model [34], generated by multiplying the genotype dosage of
each risk allele by its respective effect size, summing all alleles together. Then, we built a
UGI-PRS to assess UGI cancer risk by summing site-specific PRSs weighted by ESC and
GC age-standardized incidence rate in the UK population [35]. Cancer site-specific PRS
has been proven to effectively identify individuals with high risk of overall cancers and
gastrointestinal cancer risk [36,37]. The UGI-PRS was divided into three levels of genetic
risk: low (lowest quintile), moderate (quintiles 2–4), and high (top quintile).

2.4. Outcome Assessment

The outcomes in the study were first primary incident events due to UGI cancer (ESC
and GC), which is identified through the national cancer registries of England, Wales,
and Scotland, coded by the 10th revision of the International Classification of Diseases
(ICD-10), as (C15) and (C16) for ESC and GC, respectively. After four years of baseline
recruitment (2006–2010), UGI cancer risk in participants was assessed from baseline up to
the UGI cancer diagnosis, death, completion of follow-up, or loss to follow-up, whichever
occurred first. The time of risk was calculated according to date the participant attended
the assessment center (Data Field: 53), date of cancer diagnosis (Data Field: 40005) and
the end date of follow-up. The end date of follow-up was updated to September 2018 for
Scotland and to June 2021 for England and Wales. For participants who developed a UGI
cancer, time at risk was the interval between the date of cancer diagnosis and the date of
attending assessment. For participants without UGI cancer, time at risk was calculated by
the end date of follow-up minus date of attending assessment center.

2.5. Statistical Analysis

Cox proportional hazard models were used to investigate the associations between
healthy diet and UGI cancer risk and to estimate hazards ratios (HRs) and 95% confidence
intervals (CIs) with the time of follow-up used as the timeline variable. The proportional
hazard assumptions were checked using Schoenfeld residuals. We determined UGI cancer
risk for participants among healthy diet score categories (low-quality diet, intermediate-
quality diet, and high-quality diet group). We also compared the UGI cancer risk for
per two-point increase in healthy diet score. Furthermore, we investigated the combined
effect and interactions of dietary and genetic factors on UGI cancer risk according to
healthy diet and genetic risk categories to explore the extent to which healthy diet modified
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the associations between genetic susceptibility and UGI cancer risk across genetic risk
groups. We examined the results for potential additive and multiplicative interaction
between healthy diet and genetic risk [38]. The additive interaction was evaluated using
two indexes: the relative excess risk due to the interaction (RERI) and the attributable
proportion due to the interaction (AP) [39]. The 95% CIs of the RERI and AP were generated
by drawing 5000 bootstrap samples from the estimation data set [40]. If there was no
additive interaction, the CIs of the RERI and AP would include 0. In addition, we used
RHR (ratio of HR) to evaluate the gene–diet multiplicative interactions by setting variable
cross-product terms of the healthy diet with the genetic risk in the models. The 95% CIs
of RHR would contain 1 if there was no multiplicative interaction. We also calculated the
absolute risk as the percentage of incident UGI cancer cases occurring in each genetic risk
group to compare the benefit of adherence to a healthy diet with incident UGI cancer within
genetic risk groups. The absolute risk reduction was calculated according to the given
groups UGI cancer incidences difference, and then the difference in five-year event rates
was extrapolated among given groups. The calculation of 95% CIs for the absolute risk
reduction were calculated by drawing 1000 bootstrap samples from the estimation dataset.

Two models were applied in our analyses: minimally adjusted model, adjusted for
age at recruitment, sex, Townsend deprivation index, assessment center (10 regions) and
ethnic background; fully adjusted model, additionally adjusted for BMI (kg/m2, <25,
25–29.9, ≥30), glycosylated hemoglobin (HbA1c, mmol/mol, quintiles), smoking sta-
tus (never, former, current, unknown), alcohol intake frequency (never/rare, twice or
less per week, at least three times per week, unknown), education (college or university
degree, no degree, unknown), multimorbidity (None, ≥1, unknown), physical activity
(<600 MET minutes/week, 600–3000 MET minutes/week, >3000 MET minutes/week) [41]
and family cancer history (yes, no, unknown) (Table S4). We additionally adjusted the top
10 genetic principal components of ancestry in the analysis including genetic risk. Missing
data were coded as missing proxies (unknown) for categorical variables, while those for
continuous variables were imputed with sex-specific median values.

We performed the following sensitivity analysis to further investigate the robustness
of our results: (1) excluded participants who reported that they had made a major change in
their diet in the past 5 years due to illness in the past 5 years (n = 41,292); (2) excluded par-
ticipants followed up for less than two years (n = 1648); (3) excluded non-white participants
(n = 21,680).

All statistical analyses were performed with R software for version 4.2.0 (R Core Team, Auck-
land, CA, USA). All p values were two-sided and p < 0.05 was considered statistically significant.

3. Results

3.1. Participants and Characteristics

A total of 415,589 participants (53.54% women) had available dietary data of this
study. The median follow-up period was 12.12 (interquartile range: 11.32–12.84) years for
UGI cancer incidence. A total of 1389 UGI cancer developed during the period, including
564 GC and 831 ESC. The baseline characteristics of participants are shown in Table 1. For
1389 UK Biobank participants (mean [SD] age, 61.21 [6.29] years; 27.93% women) with
incidents of UGI cancer had a mean (SD) BMI of 28.61 (5.19) kg/m2. Of all participants,
the 16.99% with UGI cancer were current smokers, and 23.18% UGI cancer participants
consumed alcohol at least three times per week. The 414,200 participants (mean [SD] age,
56.17 [8.09] years; 53.63% women) had a mean (SD) BMI of 27.39 (4.75) kg/m2 without UGI
cancer. A total of 10.25% participants with UGI cancer were current smokers, and 18.29%
UGI cancer participants consumed alcohol at least three times per week.

118



Nutrients 2023, 15, 1344

Table 1. Baseline characteristics of participants in UK Biobank 1.

Participants

With Incident UGI Without UGI
Cancer (n = 1389) Cancer (n = 414,200)

Age at baseline, y 61.21 ± 6.29 56.17 ± 8.09
Female 388 (27.93) 222,118 (53.63)

Townsend deprivation index, means ± SD −1.04 ± 3.23 −1.40 ± 3.03
BMI, means ± SD 28.61 ± 5.19 27.39 ± 4.75

HbA1c, mmol/mol, means ± SD 38.12 ± 7.98 35.94 ± 6.47
Physical activity, MET minutes/week

<600 259 (18.65) 63,772 (15.4)
600–3000 774 (55.72) 244,531 (59.04)

>3000 356 (25.63) 105,897 (25.57)
Ethnicity

White 1346 (96.9) 392,733 (94.82)
Nonwhite 38 (2.74) 20,197 (4.88)
Unknown 5 (0.36) 1270 (0.31)
Education

College or university degree 352 (25.34) 139,657 (33.72)
No degree 1023 (73.65) 271,190 (65.47)
Unknown 14 (1.01) 3353 (0.81)

Smoking status
Never 506 (36.43) 228,680 (55.21)

Former 640 (46.08) 141,909 (34.26)
Current 236 (16.99) 42,454 (10.25)

Unknown 7 (0.5) 1157 (0.28)
Alcohol intake frequency

Never/rare 621 (44.71) 184,431 (44.53)
Twice or less per week 445 (32.04) 153,836 (37.14)

At least three times per week 322 (23.18) 75,752 (18.29)
Unknown 1 (0.07) 181 (0.04)

Health status
Multimorbidity, n (%)

None 216 (15.55) 107,012 (25.84)
≥1 1172 (84.38) 306,847 (74.08)

Unknown 1 (0.07) 341 (0.08)
Family cancer history

yes 832 (59.9) 257,969 (62.28)
no 380 (27.36) 109,695 (26.48)

Unknown 177 (12.74) 46,536 (11.24)
1 Values are presented as mean ± SD or n (%) unless otherwise indicated.

3.2. Healthy Diet and the Risk of UGI Cancer

The association between adherence to healthy diet and UGI cancer risk was shown in
Table 2. Individuals with a high-quality diet that included high intake of fruit, vegetables,
fish and whole grains and reduced amount of red meat, processed meat and refined grains
had a lower risk of UGI cancer incidents compared with those in low-quality diet group,
with HR of 0.76 (95% CI: 0.62–0.93, p = 0.009). Having a two-point increase in healthy diet
score was associated with a higher UGI cancer risk, with HR of 0.90 (95% CI: 0.83–0.97,
p = 0.006). Similar results were noted in a series of sensitivity analyses (Table S5).

Table 2. Associations between healthy diet score and the risk of UGI cancer.

Healthy Diet Total No. (Cases)
Minimally Adjusted Model 1 Fully Adjusted Model 2

HR (95% CI) p Value HR (95% CI) p Value

Healthy diet score 3

Low-quality diet (0–1) 64,171 (304) 1.00 (ref) 1.00 (ref)
Intermediate-quality diet (2–4) 297,417 (943) 0.81 (0.71, 0.92) 0.001 0.87 (0.77, 1.00) 0.047
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Table 2. Cont.

Healthy Diet Total No. (Cases)
Minimally Adjusted Model 1 Fully Adjusted Model 2

HR (95% CI) p Value HR (95% CI) p Value

High-quality diet (5–7) 54,001 (142) 0.66 (0.54, 0.81) <0.001 0.76 (0.62, 0.93) 0.009
Per two-point score increase 415,589 (1389) 0.84 (0.78, 0.91) <0.001 0.90 (0.83, 0.97) 0.006

p for trend <0.001 0.007

Definition of abbreviations: HR, hazard ratio; 95% CI: 95% confidence interval; ref, reference. 1 Minimally
adjusted model: adjusted for age at recruitment, sex, assessment center (10 regions), Townsend deprivation
index and ethnicity. 2 Fully adjusted model: minimally adjusted model additionally adjusted for education, BMI,
glycosylated hemoglobin (HbAlc), smoking status, alcohol intake frequency, physical activity, multimorbidity and
family history of cancer. 3 Healthy diet score: using available data from UK Biobank Food Frequency Question-
naire at baseline; Health diet score ranged from 0 to 7. Fruits: ≥4 servings/day; Vegetables: ≥4 servings/day;
Fish: ≥2 servings/week; Processed meats: ≤1 serving/week; Unprocessed red meats: ≤1.5 servings/week;
Whole grains: ≥3 servings/day; Refined grains: ≤1.5 servings/day.

3.3. Combined Effect and Interactions of Healthy Diet and Genetic Risk on UGI Cancer Risk

We determined that participants who had an unhealthy diet and were in a high genetic
risk group had an approximately 1.60-fold risk of UGI cancer risk, with HR reaching
1.60 (95% CI: 1.20–2.13, p = 0.001), when compared with participants with a healthy diet and
low genetic risk (Figure 2). The results of the sensitivity analysis did not change materially
(Figure S1A–C). The RERI, AP, and RHR were not significant, which indicated no additive
and multiplicative interactions of healthy diet and genetic risk on the risk of UGI cancer
(Table 3).

Figure 2. Risk of incident UGI cancer according to healthy diet and genetic risk categories in the UKB
cohort. The HRs were estimated using Cox proportional hazard models with adjustment for age at
recruitment, sex, assessment center (10 regions), ethnicity, Townsend deprivation index, education,
BMI, glycosylated hemoglobin (HbA1c), smoking status, alcohol intake frequency, physical activity,
multimorbidity, family history of cancer, and the first 10 principal components of ancestry. * For
healthy diet and genetic risk on UGI cancer risk across and within genetic risk group analysis,
participants without available genetic information were excluded (n = 21,032). Unfavorable diet
(healthy diet score < 4) and Favorable diet (healthy diet score ≥ 4).
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Table 3. Interaction between diet and genetic risk 1.

PRS *

Intermediate High

RERI (95% CI) −0.01 (−0.47–0.31) 0.28 (−0.23–0.67)
AP (95% CI) −0.01 (−0.29–0.26) 0.18 (−0.13–0.45)

RHR (95% CI) 1.03 (0.73–1.45) 0.84 (0.56–1.24)
Definition of abbreviations: RERI = relative excess risk due to the interaction; AP = attributable proportion due to
the interaction; RHR = ratio of hazard ratio. * Defined by PRS: low (lowest quintile), intermediate (quintiles 2–4),
and high (quintile 5). 1 Cox proportional hazards regression is adjusted for age at recruitment, sex, assessment
center (10 regions), Townsend deprivation index, ethnicity, education, BMI, glycosylated hemoglobin (HbAlc),
smoking status, alcohol intake frequency, physical activity, multimorbidity, and family history of cancer.

3.4. Benefits of Adherence to a Healthy Diet with UGI Cancer Risk

In further stratification analyses with an unhealthy dietary pattern as the reference
group according to genetic risk categories, we found that in the intermediate and high
genetic risk groups, similar risk reduction for UGI cancer were observed in those who
adhered to a healthy dietary pattern compared to those who adhered to an unhealthy
dietary pattern. Among participants with an intermediate genetic risk, the absolute five-
year incidence risk of UGI cancer were 0.13 for participants with an unhealthy dietary
pattern versus 0.11 for those with a healthy dietary pattern. Similarly, for individuals
with high genetic risk, the absolute five-year incidence risk of UGI cancer decreased from
0.16 for participants with an unhealthy dietary pattern to 0.10 for those with a healthy
dietary pattern (Table 4). The results of sensitivity analyses were similarly (Table S6).

Table 4. UGI cancer risk associated with healthy diet by genetic risk level in the UKB cohort 1.

Low Genetic Risk Intermediate Genetic Risk High Genetic Risk

Dietary Pattern Unfavorable Favorable Unfavorable Favorable Unfavorable Favorable

No. of cases/Person-years 142/61,2672 59/326,606 560/185,1465 230/968,645 244/627,221 78/311,605
HR (95% CI) Ref. 0.85 (0.63–1.17) Ref. 0.94 (0.80–1.10) Ref. 0.78 (0.60–1.01)

p value 0.323 0.417 0.057
Absolute risk (%)-5 years

(95% CI) 0.10 (0.07–0.12) 0.08 (0.05–0.10) 0.13 (0.12–0.15) 0.11 (0.09–0.12) 0.16 (0.13–0.19) 0.10 (0.07–0.13)

Absolute risk reduction
(%)-5 years (95% CI) Ref. 0.02 (−0.06–0.49) Ref. 0.03 (0.01–0.05) Ref. 0.06 (0.02–0.09)

1 Cox proportional hazards regression is adjusted for age at recruitment, sex, assessment center (10 regions),
Townsend deprivation index, ethnicity, education, BMI, glycosylated hemoglobin (HbAlc), smoking status, alcohol
intake frequency, physical activity, multimorbidity and family history of cancer. Unfavorable dietary pattern
(healthy diet score < 4) and Favorable dietary pattern (healthy diet score ≥ 4).

4. Discussion

In this large, prospective study using UK Biobank, we investigated dietary pattern
analyses based on healthy diet and UGI cancer risk. We found that improving the quality
of healthy diet was associated with a lower risk of UGI cancer. Across genetic risk groups,
analysis further showed that individuals with high genetic risk and an unhealthy dietary
pattern were at a greater risk of UGI cancer compared to those with low genetic risk and a
healthy dietary pattern. Within genetic risk groups, analysis indicated that adherence to
a healthy dietary pattern was consistently associated with a decreased absolute five-year
incidence risk of UGI cancer in intermediate and high genetic risk groups.

Current studies suggested that dietary patterns analyses are regarded as good ways
to explore diet and cancer risk. A systematic review and meta-analysis from prospective
cohort studies supported an association between healthy dietary patterns and decreased
risks of colon and breast cancer [42]. One study that focused on nutrition and breast cancer
showed that adherence to a healthy dietary pattern might improve overall survival after
diagnosis of breast cancer [43]. We performed dietary pattern analyses based on healthy
diet score and the risk of UGI cancer. A systematic review and meta-analysis on dietary
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patterns and gastric cancer risk indicated that there is an approximately two-fold difference
in GC risk between a ‘prudent/healthy’ diet, and a ‘Western/unhealthy’ diet [17]. A
population-based case-control study suggested that a diet high in fruit and vegetables
may decrease the risk of ESC cancer [44]. Another systematic review and meta-analysis
suggested that a healthy dietary pattern was significantly associated with a decreased risk
of ESC [45]. Our study also found similar results, i.e., that adherence to a healthy diet
reduced the UGI cancer risk. We also compared the benefit of adherence to a healthy dietary
pattern within genetic risk groups based on the calculation of absolute five-year incidence
risk of UGI cancer. We found that individuals with intermediate and high genetic risk who
adopted a healthy diet had a decreased risk of developing UGI cancer. For participants
with high genetic risk, the absolute five-year incidence risk of UGI cancer was significantly
reduced from 0.16% to 0.10% by having a healthy diet. Taken together, our findings along
with previous evidence not only demonstrated the significance of adherence to healthy diet,
but also provided collective support for public health interventions to promote a healthy
dietary pattern for everyone, especially people with intermediate or high genetic risks,
which will ultimately lead to a reduction of UGI cancer burden.

It has been estimated that ESC and GC could be prevented in 54% and 59% of patients
in the UK, respectively [46]. It is important to understand the contribution of modifiable
risk factors to UGI cancer and how they affect or add to the inherited genetic factors. At
present, several studies have summarized the association between diet and nutrition and
the UGI cancer risk; however, reported meta-analytic estimates from observational studies
may not represent causality. Instead, they may result from common biases across studies,
such as exposure measurement error, residual confounding, and publication bias, and
thereby weaken the strength of the scientific evidence [47–49]. In addition, few studies
have focused on the combined effect and interactions of gene–diet on the risk of UGI cancer.
We systematically and comprehensively investigated the association between modifiable
dietary factors with UGI cancer risk and tested the hypothesis that UGI cancer risk can be
modified or reduced by adopting a healthy diet in a large prospective cohort study.

UK Biobank is a large, general population-based prospective cohort, which provides
health outcomes and a wide range of potential confounders, including diet. One of the
inevitable problems with large sample studies is that p values are more likely to be sta-
tistically different. In detail, a statistical p value is the distance between the data and the
null hypothesis measured by an estimate of the parameter of interest. This distance is
usually measured in terms of the standard deviation (standard error). The standard error
shrinks as the sample size increases; in a very large sample, the standard error becomes very
small, which leads to a statistically significant distance between the estimate and the null
hypothesis that may be negligible. Therefore, to reduce type I errors, the null hypothesis
cannot be rejected by the p-value alone in a large sample study. These problems can be
solved by additionally reporting effect sizes and 95% confidence intervals (CI) [50]. In our
study, we provided 95% CI as well as p values to more cautiously infer the association
between healthy diet and UGI cancer.

The present study has several limitations. First, participants in the UK Biobank
are of European descent; therefore, the summary statistics should be generalized to the
general population with caution. Secondly, the use of self-reported recall of FFQ could
introduce some level of recall bias. Third, it is generally accepted that associations between
nutrients and disease should only be considered primary if the effects are independent of
energy intake [51]. We were not able to adjust for total energy intake because the baseline
touchscreen brief FFQ only covered some commonly consumed foods. Therefore, our
findings may be biased by the differences in body size, physical activity, and metabolic
efficiency resulting from energy intake. Last, covariates were evaluated only once at
baseline, and changes during the follow-up or competitive risk of other illnesses may have
an effect on risk estimates.
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5. Conclusions

Our findings confirm and broaden the results from previous studies. Healthy diet was
associated with a lower risk of UGI cancer. Dietary factors and genetic risk had a combined
effect on risk of UGI cancer. Individuals with high genetic risk can attenuate UGI cancer
risk by adopting a healthy dietary pattern.
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Abstract: With diet-related chronic diseases being the largest contributors to U.S. morbidity and
mortality, identifying population-level strategies to promote healthier diets is essential. Intervention
during early childhood may be particularly important. The Child and Adult Care Food Program
(CACFP), a federal nutrition assistance program in the U.S. that supports serving meals and snacks in
child care settings, reaches millions of U.S. children. Recent 2017 updates to CACFP’s meal patterns
were meant to improve the nutritional quality of food served through CACFP by providing more
whole grains, fruit, and vegetables. In this study, we used a natural experimental, longitudinal study
of child care centers participating in CACFP compared to nonparticipating centers to assess whether
the quality of food and beverages served (per menu analysis) improved following the CACFP meal
pattern changes. While we found that CACFP centers were more likely to meet several key nutrition
standards in comparison to non-CACFP centers overall, there were no differences in menu quality
from before to after the 2017 standards change between CACFP and non-CACFP centers. Nutrition
standards for CACFP may need to be further strengthened with adequate financial and technical
support given to child care programs for effective implementation.

Keywords: child nutrition; CACFP; menu analysis; preschools

1. Introduction

Poor diet quality contributes more to global morbidity than any other behavioral,
environmental, occupational, or metabolic risk factor [1]. Identifying how to shift dietary
patterns towards choices that promote health and prevent chronic disease is a critical public
health challenge. Ensuring that young children develop healthy eating habits may be a
particularly effective strategy, given that habits formed during this developmental stage
can persist throughout the life course [2]. However, in the U.S., young children currently
consume foods high in sugar, sodium, and saturated fat and low in fiber, so diets of many
children fall short of dietary recommendations [3,4].

Child care settings are important to focus on because they have the potential to help
reshape food choices for the majority of American children who attend regular non-parental
care, including center-based child care [5]. Children, especially those attending all day
programs, could obtain a significant fraction of daily calories from meals and snacks served
and have more choices in terms of a variety and types of foods served outside of home.
Child care programs can influence children’s dietary intake by providing nutritious foods
and beverages and implementing feeding practices that encourage healthy choices [6–8].
A large role in supporting nutrition in child care settings belongs to the USDA Child and
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Adult Care Food Program (CACFP), which serves 4.6 million children per year, targeting
benefits to children from households with low incomes [9]. Foods provided to children in
CACFP programs must meet specific nutrition standards in order to be reimbursed with
federal funds. These standards can thus help ensure that the meals and snacks served to
children in child care promote healthy eating habits and nutrition.

Until recently, the nutrition standards for CACFP had not been updated to be in line
with dietary science [10]. While there was some evidence that CACFP meals and snacks had
some nutritional benefits over those served in non-CACFP participating programs, such as
serving more fruit and vegetables and fewer sugary beverages, these benefits tended to be
small and inconsistent across studies [11–16]. The standards themselves were originally
designed before the onset of the childhood obesity epidemic and thus did not focus on
nutrition for healthy child weight and chronic disease prevention [10]. In 2017, as a result
of the Healthy, Hunger-Free Kids Act of 2010, the standards were updated for the first time
since 1968 to be more in line with what dietary science has found promotes health and
reduces risk of chronic disease [3]. The updated guidelines increase foods such as whole
grain, fruit, and vegetable offerings and decrease added sugars [17]. Such changes could
help promote healthier eating for the millions of mostly low-income children who attend
CACFP-participating programs [9].

Emerging research suggests that the updated standards have been widely imple-
mented [18] and may have resulted in some improvements in young children’s dietary
intake [19,20]. However, studies to date have only examined changes within CACFP-
participating programs or were limited to survey data only [21]. Without a comparison
group of non-participating programs, it is difficult to assess whether any improvements in
child care menu and/or meal quality are truly due to the updated meal pattern standards
in CACFP or whether improvements may be due to natural time trends or some other
influence on child care meals. Finally, prior research assessing menu quality in child care
settings has been limited to cross-sectional studies and often lack comparison groups of
non-participating programs [22,23].

This study aims to address this evidence gap by leveraging pre-update and post-
update menu data on the reported meals and snacks served in a sample of both CACFP-
participating and -nonparticipating child care centers. Using a longitudinal, difference-in-
difference approach, this study evaluates the extent to which the 2017 CACFP meal pattern
changes were associated with improvements in the quality of meals and snacks served.
We hypothesized that: (1) CACFP participation would be associated with better menu
quality as compared to nonparticipation both before and after the updates and (2) that
menu quality would improve in CACFP-participating programs from before and after the
updates while staying the same in nonparticipating programs.

2. Materials and Methods

2.1. Study Sample and Design

The sample consisted of licensed child care centers in the state of Connecticut (CT)
that served meals and/or snacks to children 0–5 years of age (not including school-age
after-school programs). To identify eligible centers, administrative records of licensed
child care centers in the state were obtained in 2016 (prior to the implementation of the
updated CACFP standards) and again in 2019 from the CT Office of Early Childhood.
This list was compared to the State Department of Education’s records on CACFP par-
ticipation. All CACFP-participating centers were assumed to serve meals and/or snacks
by design. For non-participating centers, which could either opt to serve their own food
or have parents/guardians send in meals and snacks, researchers verified via telephone
whether the center served meals and/or snacks. The study invited all CACFP-participating
centers (n = 176) and a sample of non-CACFP centers serving children ages 0–5 (n = 391
randomly selected from 733 non-CACFP centers serving young children and known to
provide food) to participate. Non-CACFP centers located in low-income communities
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were oversampled to provide a stronger comparison group with CACFP centers given that
CACFP participation is associated with serving low-income communities.

To recruit these centers, center directors were contacted by email to participate in an
online survey about food service practices affecting young children. This initial e-mail
requested that the survey be completed by the person most familiar with the food service
at the child care center. As part of the survey, participants were asked to submit a copy
of their current menu to show food selections of children in their care. All participants
consenting into the study and completing the survey received a monetary incentive (a USD
20 gift card). The survey data were reported elsewhere [13,21,24].

We collected data from 237 child care centers in 2016 as part of what was initially
planned to be a cross-sectional study and then conducted a second data collection with
a sample of 201 centers in 2019, many of whom had participated in the original data
collection, after the updated CACFP standards had been implemented. Of these centers,
directors provided weekly menus for 92 centers at both baseline and follow-up, which
resulted in a final sample for longitudinal analysis of 55 non-CACFP participating centers
and 37 centers participating in CACFP.

2.2. Measures
2.2.1. Child Care Center-Level Characteristics

Child care providers completed surveys about center characteristics, including: CACFP
participation status; whether the center was accredited by the National Association for the
Education of Young Children (NAEYC); whether the center participates in Connecticut’s
School Readiness program (which is an indicator of how many low-income children are
served by the center); and non-profit/for-profit status. Providers also reported whether
they had received CACFP training and what types of kitchen facilities their center had.
Center capacity, i.e., the maximum number of enrolled children allowed per center, was de-
termined from administrative licensing data, and data on household income, racial/ethnic
composition, and poverty status for the U.S. Census block in which the center was located
were assessed by linking the center’s address with data from the 2013–2017 American
Community Survey [25].

2.2.2. Menu Quality

For each participating child care center, the research team extracted one week’s worth
of menu data. Each food and beverage item listed on the menu for each meal on the
sampled week was classified into one or more food and beverage categories relevant to
CACFP nutrition standards using a coding protocol from prior studies, which is available
upon request [13,24,26]. We categorized milks as low-fat (1%) or skim, reduced fat (2%),
whole fat, and flavored (for any flavor and percent fat). We classified other beverages
as 100% fruit juice; fruit drinks/other sugar-sweetened beverages (SSBs, such as sodas,
lemonades, non-100% juice drinks); or water (tap or bottled, unsweetened). We classified
foods as follows: fruit of any type (excluding juice); vegetables of any type; dark green
vegetables (e.g., spinach, broccoli, mixed greens); red and orange vegetables (e.g., carrots,
squash, red peppers); starchy vegetables (e.g., potatoes, corn, green peas); legumes; grain
products of all types; whole-grain products (first ingredient on nutrition label is a whole
grain); refined grain products (first ingredient on package label is not a whole grain); grain
products of unknown whole-grain content; grain-based desserts (cookies, pastries, granola
bars); meat/meat alternates of any type (includes both meats and vegetarian protein
sources); lean meats (poultry); red or processed meats (beef, lamb, goat, ham, sausage, hot
dogs); pre-fried meats (chicken nuggets, chicken fingers, fish sticks); nuts/nut butter; eggs;
natural cheese; processed cheese (American cheese, spray cheese, Velveeta); yogurt; tofu
or other soy products; sweets (non-grain-based: ice cream, candy, pudding); and other
foods. Cereals were evaluated for compliance with CACFP standards on sugar content by
checking manufacturer’s website for nutrition information.
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With these coded data, we first assessed the extent to which center menus met basic
CACFP standards for serving all required meal/snack components. Centers were coded as
meeting basic component standards if they reported serving the following to preschool-age
children: three required components for breakfast (fruits/vegetables, grain/meat/meat
alternate, low-fat/skim milk); five required components for lunch (fruit, vegetable, grain,
low-fat/skim milk, meat/meat alternate), and two components for snack (any of two of the
five lunch components above) [9].

We then assessed if the food and beverage items on the menus met each of five of the
2017 updated daily minimum CACFP nutritional requirements for meals [17] served for
each day in the sampled menu week. The five standards assessed were: (1) only unflavored
low-fat/skim milk served to children ages 2–5 years old; (2) at least one serving of whole
grains per day; (3) both fruit and vegetable served at lunch; (4) 100% fruit/vegetable juice
limited to one serving per day; and (5) no grain-based desserts served as grains. We chose
these five standards, as we were able to assess them with menu data; some other standards,
such as eliminating on-site frying or limiting the sugar content of cereals and yogurts,
were not possible to evaluate with menus at both time points. The minimum standard for
serving fruit and vegetable at lunch was assessed per meal, and the other four minimum
CACFP standards were assessed as meeting or not meeting the standards per day.

Lastly, we evaluated if menus met the following voluntary CACFP “best-practice”
standards, which are encouraged but not required by CACFP: (1) serve fruit or vegetable
as one of the two components at every snack; (2) serve whole fruit more often than juice; (3)
serve dark green vegetables at least weekly; (4) serve red and orange vegetables at least
weekly; (5) serve beans and legumes at least weekly; (6) serve starchy vegetables least
weekly; (7) serve other vegetables at least weekly; (8) serve at least two servings of whole
grains daily; (9) serve lean meats, nuts, and legumes only; (10) limit to one serving or less of
processed meats weekly; (11) limit cheese to natural cheese only; (12) limit to one serving or
less of pre-fried meat weekly; and (13) provide no non-creditable foods with added sugars
(e.g., candy, sugary drinks). The best-practice standard for fruit or vegetable at snack was
assessed per snack; whole fruit served more often than juice and at least two daily servings
of whole grains were assessed per day; the remaining best-practice standards were assessed
on a weekly basis.

2.3. Statistical Analysis

We calculated the proportion of centers meeting each of the accreditations, type
of preschool, staff CACFP training, meal preparation methods, access to food service
facilities and equipment, and the mean (±SD) for descriptive and demographic data.
Data were stratified by CACFP participation status and baseline (2016) versus follow-up
(2019). Because many centers in our sample provided snacks but not lunches (these were
household-provided) and thus were not comparable to centers providing lunches on several
of the CACFP outcomes, we also stratified our analysis by centers that provided snacks
only and centers that provided meals only or meals and snacks.

We calculated the proportion of centers by CACFP status, year, and food service type
that met each CACFP meal component requirement, minimum nutrition standard, and
best-practice standard. We also calculated the mean (±SD) total number of minimum
standards met per day and best-practice standards met each week.

To test whether the updated minimum CACFP standards increased the nutritional
quality of meals served in CACFP centers (based on menus), we used a difference-in-
difference approach. Generalized estimating equations (GEE) logistic regression models
were used to calculate the odds of meeting each of the CACFP minimum standards and
voluntary best practices for menus, accounting for the clustering of menu observation days
within centers. Models included a term for (1) time comparing 2019 to 2016; (2) CACFP sta-
tus comparing CACFP to non-CACFP centers, and (3) an interaction term between time and
CACFP status to estimate whether CACFP centers experienced additional changes in menu
quality from 2016–2019 beyond the overall time effect (the difference-in-difference estima-
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tor and the CACFP policy change effect). To select demographic and center-characteristic
covariates for the model, we used a backward selection process; the only covariate that
meaningfully altered parameter estimates and remained significant was center capacity;
thus, all models also adjusted for center capacity. Two-sided tests of significance were
conducted in these models; alpha was set at p < 0.05.

The 2016 data collection was approved by the University of Connecticut Institutional
Review Board in June 2015, and the 2019 study was approved in May 2018. Analyses were
conducted on SAS 9.4. (Cary, NC, USA).

3. Results

The administrative and sociodemographic characteristics of the centers are presented
in Table 1, showing important differences between CACFP- and non-CACFP participating
programs. Of the 37 CACFP-participating centers in the final sample, 100% served meals
and/or snacks, while only 18 (32.7%) of the 55 non-CACFP participating centers did; the
remaining 37 non-CACFP centers served snacks only. All CACFP centers in the sample
were accredited by NAEYC, while only 54.6% of non-CACFP centers were; similarly,
participation in CT’s School Readiness program was much more common among CACFP
centers. Capacity was higher on average in CACFP centers, and tuition was lower. CACFP
centers were more likely to have kitchens on site or to heat up foods on site delivered
from a vendor than non-CACFP centers, who were more likely to have partial kitchens
or microwaves in classrooms. CACFP centers were located in areas that tended to have
lower median household incomes and lower proportions of the population identifying as
non-Hispanic White or as having a college degree and higher levels of poverty.

The frequencies with which centers serving meals and snacks (n = 37 CACFP centers,
n = 18 non-CACFP centers) met each of the minimum CACFP meal component and nu-
trition standards as well as the voluntary best-practice standards, are shown in Table 2;
frequencies for centers only serving snacks are shown in Appendix A Table A1. At both
time points, CACFP centers were significantly more likely to meet the minimum meal
component requirements for breakfasts, lunches, and snacks than non-CACFP centers.
They were also more likely to meet the 2017 updated minimum nutrition standards for
serving both fruits and vegetables at lunch and serving at least one whole grain per day at
both time points; both CACFP and non-CACFP centers were overwhelmingly likely, before
and after the updates, to serve low-fat milk to 2–5-year-olds and to limit the serving of 100%
juice to once per day. Meanwhile, CACFP and non-CACFP centers had similar frequencies
of not serving grain-based desserts in 2016, and these frequencies both increased in 2019. In
general, compliance with the voluntary best-practice standards was less prevalent among
both CACFP and non-CACFP centers, with some exceptions. Particularly poor compliance
was for serving only lean meats, nuts, and legumes for meat/meat alternates and serv-
ing natural cheese only. Although rates of serving at least two servings of whole grains
improved over time, only one-third of non-CACFP centers and about one-half of CACFP
centers managed to satisfy this standard in 2019.

Results from the difference-in-difference GEE models are shown in Table 3 for centers
serving meals and snacks (results for centers serving snacks only are shown in Appendix A
Table A2). In evaluating the role of overall time trends and controlling for CACFP status,
centers were more likely to limit grain-based desserts and serve whole fruits more often
than juice in 2019 as compared to 2016 (aOR for grain-based dessert standard, 2019 vs. 2016:
4.40, 95% CI: 1.2, 16.2; aOR for whole fruit best-practice standard, 2019 vs. 2016: 4.23, 95%
CI 1.5, 11.6); however, no other significant differences from 2016 to 2019 were observed.
There were, however, several significant differences in the likelihood of meeting CACFP
standards between non-CACFP and CACFP centers at baseline. In 2016, CACFP centers
were more likely to serve both fruits and vegetables at lunch (aOR = 4.42, 95% CI 1.25, 15.5),
serve whole grains at least once per day (aOR = 2.72, 95% CI: 1.3, 5.9), and not serve foods
with added sugars (aOR = 3.50, 95% CI: 1.1, 11.3). However, when evaluating whether the
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change in CACFP standards in 2017 was associated with additional increases in meeting
standards for CACFP centers, no significant changes at p < 0.05 were found.

Table 1. Demographics characteristics of n = 92 Connecticut-licensed child care centers in 2019 1.

Non-CACFP Centers (n = 55) CACFP Centers (n = 37) p-Value 3

Meal and/or snack served, n (%): <0.001
Meal only or meal and snack served 18 (32.7) 37 (100)

Snack only served 37 (67.3) 0 (0.0)
Accreditations, n (%):

Center accredited by the National Association for
the Education of Young Children (NAEYC) 30 (54.6) 37 (100) <0.001

Center has School Readiness program slots
available 8 (15.1) 30 (81.1) <0.001

Center has a sponsoring organization, n (%) 1 12 (21.8) 13 (39.4) 0.08
Center capacity, mean (SD) 88.4 (60.1) 117.9 (94.3) 0.10
Weekly tuition, mean (SD) 2 USD 262.4 (78.7) USD 210.2 (57.9) 0.003

Meal preparation, n (%): <0.001
Kitchen on site from scratch 11 (20.0) 19 (51.4)

Kitchen of another center and delivered 0 (100) 0 (100)
Purchased from a vendor and heat up on site 5 (9.1) 5 (13.5)
Purchased from a vendor and do not heat up 8 (14.6) 7 (18.9)

Other 31 (56.4) 6 (16.2)
Kitchen and equipment, n (%): 0.003

Full kitchen on site 25 (45.5) 24 (62.2)
Partial kitchen on site (fridge/freezer alone) 21 (38.2) 10 (27.0)

Microwaves in the classroom 15 (27.3) 1 (2.7)
No cooking equipment on site 4 (7.3) 1 (2.7)

Sociodemographic characteristics of center’s Census
tract, mean (SD):

Median household income USD 98,717 (USD 43,852) USD 52,255 (USD 24,791) <0.001
Percent of population with college degree 47.1 (16.4) 28.6 (21.4) <0.001
Percent of households below poverty level 6.4 (6.2) 21.2 (13.7) <0.001

Percent of population that is non-Hispanic White 78.8 (12.9) 47.2 (28.9) <0.001

Notes: 1 Center characteristics were also measured in 2016; as these variables did not differ significantly in 2019,
we present 2019 values only for clarity, but 2016 data are available on request; 2 measured in 2016 data collection;
3 p-values are from chi-square or Fisher’s exact tests for categorical variables and t-tests for continuous variables.

Table 2. Frequencies of menus meeting CACFP minimum standards and voluntary best practices
among non-CACFP and CACFP centers providing meals and snacks in Connecticut, 2016–2019.

2016 (Old CACFP Meal Pattern) 2019 (New CACFP Meal Pattern)

Non-CACFP Centers CACFP Centers Non-CACFP Centers CACFP Centers

N menu days 90 179 89 185
N meals and snacks 246 492 232 544

Breakfast, n (%) 35 (14.2) 159 (32.3) 54 (23.3) 175 (32.2)
Lunch, n (%) 86 (35.0) 174 (35.4) 80 (34.5) 180 (33.1)

Snack (a.m./p.m.), n (%) 125 (50.8) 159 (32.3) 98 (42.2) 189 (34.7)

Meeting CACFP meal component requirements, n (%) of meals 1

Breakfasts 30 (85.7) 153 (96.2) 40 (74.1) 159 (90.9)
Lunches 57 (66.3) 149 (85.6) 50 (62.5) 163 (90.6)
Snacks 112 (89.6) 154 (96.8) 81 (82.7) 184 (97.4)
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Table 2. Cont.

Meeting CACFP minimum nutrition standards, n (%) of days

Fruit and vegetables as 2 components
at lunch 66 (76.7) 161 (92.5) 64 (80.0) 164 (91.1)

Unflavored skim/low-fat milk to
2–5-year-old children 84 (93.3) 178 (99.4) 84 (94.4) 183 (98.9)

≥1 serving of whole grains per day 35 (38.9) 110 (61.5) 49 (55.1) 160 (86.5)
Limit 100% fruit/vegetable juice to

1 serving per day 84 (93.3) 173 (96.7) 89 (100) 184 (99.5)

No grain-based desserts served 78 (86.7) 150 (83.8) 86 (96.6) 177 (95.7)

Mean (SD) total number of minimum
standards met per day 4.1 (0.8) 4.4 (0.7) 4.4 (0.7) 4.9 (0.6)

Following CACFP voluntary best practices, n (%) of snacks, days, and weeks

Meal-level best practices
Fruit or vegetable as 1 of 2

components at snack 93 (74.4) 95 (61.6) 61 (62.2) 107 (56.6)

Daily best practices
Whole fruit served more often than

juice 59 (65.6) 156 (87.2) 78 (87.6) 168 (90.8)

≥2 servings of whole grains per day 13 (14.4) 50 (27.9) 27 (30.3) 101 (54.6)
Weekly best practices

Dark green vegetables ≥ 1 time/week 11 (61.1) 25 (69.4) 10 (55.6) 27 (73.0)
Red and orange vegetables ≥

1 time/week 14 (77.8) 33 (91.7) 15 (83.3) 32 (86.5)

Bean and peas ≥ 1 time/week 11 (61.1) 13 (36.1) 10 (55.6) 20 (54.1)
Starchy vegetables ≥ 1 time/week 13 (72.2) 27 (75.0) 14 (77.8) 29 (78.4)
Other vegetables ≥ 1 time/week 18 (100) 34 (94.4) 17 (94.4) 36 (97.3)
Processed meats ≤ 1 time/week 15 (83.3) 28 (77.8) 15 (83.3) 37 (100)
Pre-fried meats ≤ 1 time/week 18 (100) 28 (77.8) 15 (83.3) 36 (97.3)

Natural cheese only 0 (0.0) 0 (0.0) 1 (5.9) 3 (8.6)
Only lean meats, nuts, and legumes

served for meat/meat alternates 4 (22.2) 3 (8.3) 3 (17.7) 3 (8.3)

No non-creditable foods with added
sugars served 7 (38.9) 25 (69.4) 10 (55.6) 23 (62.2)

Mean (SD) total number of best practices
followed per week 7.3 (1.6) 6.9 (1.5) 7.2 (1.5) 7.6 (1.5)

Notes: 1 Meal component requirements for CACFP are as follows: Breakfast (three components): milk, vegetables,
fruit, or both and grains; Lunch (five components): milk, meat/meat alternates, vegetables*, fruit, and grains;
Snacks (two components from milk, meat/meat alternates, vegetables, fruit, grains). *2 servings of vegetables
were not considered due to low availability of this practice.

Table 3. Difference-in-difference model results: centers servings meals or meals and snacks.

2019 (Post-Update) vs.
2016 (Pre-Update)

CACFP vs. Non CACFP
Interaction between 2019 to

2016 and CACFP Status

Odds
Ratio

95% CI p-Value
Odds
Ratio

95% CI p-Value
Odds
Ratio

95% CI p-Value

CACFP minimum nutrition
standards

Fruit and vegetables as 2
components at lunch 1.09 0.38, 3.1 0.88 4.42 1.25,

15.5 0.02 0.78 0.20,
3.04 0.72

Unflavored skim/low fat
milk to 2–5-year-old

children
0.76 0.13, 4.3 0.75 13.0 0.98

172.2 0.05 0.66 0.12,
3.71 0.64

At least one serving of
whole grains per day 1.97 0.98, 4.0 0.06 2.72 1.3, 5.9 0.01 2.02 0.75, 5.4 0.17
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Table 3. Cont.

2019 (Post-Update) vs.
2016 (Pre-Update)

CACFP vs. Non CACFP
Interaction between 2019 to

2016 and CACFP Status

Odds
Ratio

95% CI p-Value
Odds
Ratio

95% CI p-Value
Odds
Ratio

95% CI p-Value

No grain-based dessert 4.40 1.2, 16.2 0.03 0.80 0.42, 1.5 0.49 0.97 0.22, 4.4 0.97
Best Practice Standards

Fruit or vegetable as 1 of 2
components at snack 0.41 0.12,

1.46 0.17 0.19 0.08,
0.50 <0.001 2.27 0.59,

8.82 0.23

Whole fruit served more
often than juice 4.23 1.5, 11.6 0.005 4.82 1.4, 16.2 0.01 0.34 0.10,

1.15 0.08

At least 2 servings of
whole grains per day 2.77 1.0, 7.7 0.05 2.53 0.80, 8.0 0.11 1.14 0.35,

3.71 0.82

Dark green vegetables at
least once per week 0.79 0.27, 2.3 0.66 1.58 0.47,

5.27 0.46 1.5 0.38, 6.0 0.56

Red and orange vegetables
at least once per week 1.50 0.29, 7.9 0.63 4.33 0.82,

22.8 0.08 0.97 0.04,
3.29 0.38

Bean and peas at least
once per week 0.77 0.32,

1.83 0.55 0.36 0.11, 1.2 0.10 2.97 0.92, 9.6 0.07

Starchy vegetables at least
once per week 1.50 0.64, 3.5 0.35 1.26 0.36, 4.4 0.72 0.80 0.21, 3.0 0.73

Lean meats, nuts, and
legumes only 0.71 0.20, 2.5 0.60 0.31 0.06, 1.6 0.16 1.41 0.27, 7.2 0.68

No non-creditable foods
with added sugars,

including candy, sugary
drinks

1.99 0.61, 6.5 0.26 3.50 1.1, 11.3 0.04 0.36 0.09, 1.4 0.14

Notes: All regressions adjusted for center capacity. The CACFP 2017 minimum nutrition standard of limiting
100% fruit/vegetable juice to one serving per day as well as the CACFP best-practice standards of serving other
vegetables at least once per week, serving processed meats once a week or less, serving pre-fried meats once a
week or less, and serving only natural cheese were not modeled due to lack of non-positive cases in certain cells.

4. Discussion

In this longitudinal, natural experimental study of whether the 2017 CACFP nutrition
standard changes were associated with better adherence to best-practice standards for child
care menus, we found that CACFP-participating centers had a higher likelihood of meeting
several nutrition standards compared to non-participating centers. CACFP centers were
overall more likely than non-CACFP centers to serve both a fruit and a vegetable at lunch,
to serve whole grains at least once per day, to serve fruit more often than juice, and to
refrain from serving foods with added sugars. However, at the same time, we also found
that there was no evidence of an extra improvement in nutrition standard adherence for
the CACFP centers related to the 2017 CACFP standard changes when comparing these
centers to non-CACFP centers over time.

Our findings regarding the higher likelihood of CACFP centers meeting several key
nutrition standards (although not all) are similar to prior investigations comparing CACFP
to non-CACFP centers using cross-sectional study designs [19,21]. Previous studies have
also found that CACFP centers are more likely to serve whole grains and limit foods
with added sugars such as sugary drinks and candy when compared to non-CACFP
centers while also finding few consistent differences between CACFP and non-CACFP
centers when it comes to the serving of fruit and vegetables and the types of meats/meat
alternates served [11,13–15,21,24,27]. Menus from both CACFP participating and non-
participating centers were highly adherent with the CACFP nutrition standards. The
centers in this sample, regardless of CACFP participation, overwhelmingly served low-fat
milk to 2–5-year-olds, offered fruits and vegetables daily, and limited serving juice and
grain-based desserts, making it difficult to impossible for there to be a significant difference
for CACFP centers.
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Previous evaluations of the 2017 CACFP nutrition standards change have examined
changes among CACFP-participating programs only [18–20,26]. One study found signifi-
cant increases in CACFP-participating center directors reporting not serving sugary cereals
or flavored milk, serving 100% whole grain products, and serving processed meats less
than once a week from before to after the change in standards [18]. Another found increases
in the likelihood of meeting the whole-grain standard but no other significant changes [26],
alongside findings that children increased intake of whole grains and fruit but did not
increase intake of vegetables or milk [19]. Sisson et al. found that children’s intake of fiber
increased and sugar decreased at CACFP centers from before to after the standards change,
but that there were no significant changes in adherence to CACFP requirements and best
practices [20]. Taken together with our study, which is the first to use a comparison group
not exposed to CACFP to control for time effects independent of the standards change,
these studies suggest that while there may have been some small improvements in what
was served to and consumed by children in CACFP centers, this may not have been due to
the change in standards themselves.

The minimal impact of the standards change for CACFP can be contextualized by
comparing with the impact of the standards changes for the National School Lunch and
Breakfast Programs that were also required by the Healthy, Hunger-Free Kids Act of
2010 [28]. The USDA requested recommendations based on the best available science for
both programs from the National Academies of Medicine (NAM) [10,29]. The recommen-
dations for the school meals programs were nearly adopted in full by the USDA [30], and
Congress authorized increases in school meal reimbursements to account for the higher
food costs associated with compliance with these new standards as well as funding to
support implementation [31]. In contrast, the final standards issued by USDA for CACFP
were necessarily less of a change than what had been recommended by NAM because no
corresponding increase in CACFP meal reimbursements was authorized, and no grants
were set aside to support child care programs in updating kitchen equipment or training
staff [17]. The differing strength in standards for school meals versus CACFP as well as
the differing investment of resource appears to have resulted in differing impacts; while
several studies have found the changes to school meals have significantly improved stu-
dents’ nutritional quality [32,33] and reduced obesity risk [34,35], our study, alongside the
prior evaluations within CACFP centers [19,20,26], suggests very limited impact. Although
following the stronger voluntary best-practice standards for CACFP could potentially lead
to larger impacts, there appears to be little indication that participating programs are aware
of them. Training by CACFP state agencies to support adoption of the best practices may
help. Resources for providing and encouraging such training by state CACFP and licensing
agencies are needed.

Strengths and Limitations

Strengths of this study include the use of a longitudinal study design with a compari-
son group of centers not participating in CACFP. Nearly all studies of CACFP to date have
used cross-sectional designs or have not leveraged a comparison group of nonparticipating
centers, making it difficult to test whether any changes observed in CACFP menus over
time are due to CACFP’s nutrition standards changes or whether they might be due to an
underlying trend affecting all centers regardless of CACFP participation. An additional
strength was the use of centers’ menus for analyzing nutrition standard adherence rather
than relying on self-report measures, which may not be accurate.

A limitation of this study is the unbalanced covariates between the CACFP and non-
CACFP centers. Because this study could not use a randomized, controlled trial design, we
made every effort to draw a comparison sample of non-participating (i.e., unexposed to the
nutrition standards changes) centers that would be as similar to CACFP centers as possible,
limiting the sample to only those providing meals and attempting to oversample from
low-income areas. Despite these efforts, the nonparticipating centers were substantially
different from the CACFP centers. They were less likely to be accredited, to serve children
from households with low incomes, and to have kitchen facilities while having higher
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tuition. Such differences may be impossible to avoid, given that CACFP is uniquely focused
on centers that serve children from households with low income and centers make a choice
to join the program. Despite these differences, our analyses indicated that these covariates
were not associated with menu quality, suggesting the differences were unlikely to be
confounders. However, the possibility of confounding cannot be ruled out. Another
important limitation of the longitudinal menu assessment was a lower response rate than
in cross-sectional surveys [21,24].

This study also was not able to evaluate whether there were differences in children’s
actual consumption of foods and beverages served over time. Our study does not evaluate
what foods and beverages were served to children or consumed by children. While evalu-
ating menus and their compliance with nutrition standards is important, data on meals
served and consumed are needed and should be prioritized in future studies. Such studies
can answer a critical question of nutrient density, which menu assessments cannot. Finally,
our analysis was limited to one state (Connecticut), which could affect generalizability of
our findings, particularly with respect to states with much higher CACFP participation
rates. Future research should prioritize using national longitudinal samples to understand
impacts of the CACFP meal patterns across diverse areas and child care programs. While
nationally representative studies examining CACFP exist [16], they are not currently longi-
tudinal and do not involve examination of meals for unexposed children in non-CACFP
programs.

5. Conclusions

Participation in CACFP is associated with increased likelihood of serving whole grains,
fruits and vegetables instead of juice, and refraining from serving foods and beverages
with added sugars. However, the updates to CACFP’s nutrition standards via the Healthy,
Hunger-Free Kids Act of 2010 were not associated with improved likelihood of centers
adhering to nutrition standards when accounting for changes that may have been occurring
over time for centers regardless of CACFP participation. To effect more beneficial changes
to the foods and beverages served to the millions of children who receive subsidized
meals through CACFP, stronger nutrition standards for the program, with appropriate
accompanying financial and technical support for implementation, may be needed.
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Appendix A

Table A1. Frequencies of meeting CACFP minimum standards and voluntary best practices among
non-CACFP and CACFP centers providing snacks only, Connecticut, 2016–2019.

2016 (Pre-Update) 2019 (Post-Update)

Non-CACFP
Centers

CACFP
Centers

Non-CACFP
Centers

CACFP
Centers

N days 254 163 247 174
N snacks 449 169 408 189
Morning snack, n (%) 234 (52.1) 11 (6.5) 227 (55.6) 15 (7.9)
Afternoon snack, n (%) 215 (47.9) 158 (93.5) 181 (44.4) 174 (92.1)
N weeks 51 33 50 35

CACFP meal component requirements, n (%)
Morning snack 198 (84.6) 10 (90.9) 202 (89.0) 15 (100)
Afternoon snack 175 (81.4) 153 (96.8) 161 (89.0) 169 (97.1)
CACFP minimum nutrition standards, n (%)
N days 254 163 247 174
Unflavored skim/low-fat milk to 2–5-year-old children 253 (99.6) 162 (99.4) 242 (98.0) 172 (98.9)
At least one serving of whole grains per day 76 (29.9) 27 (16.6) 67 (27.3) 58 (33.3)
Limit 100% fruit/vegetable juice to one serving per day 237 (93.3) 162 (99.4) 233 (94.3) 174 (100)
No grain-based dessert 220 (86.6) 133 (81.6) 224 (90.7) 166 (95.4)
Mean total number of minimum standards met per day, SD 3.1 (0.7) 3.0 (0.6) 3.1 (0.7) 3.3 (0.6)

CACFP best practices, n (%)
Morning snacks, n 234 11 227 15
Fruit or vegetable as 1 of 2 components, n (%) 139 (59.4) 7 (63.6) 140 (61.7) 11 (73.3)
Afternoon snacks, n 215 158 181 174
Fruit or vegetable as 1 of 2 components, n (%) 149 (69.3) 96 (60.8) 120 (66.3) 96 (55.2)
Day service, n 254 163 247 174
Whole fruit served more often
than juice, n (%) 106 (41.7) 59 (36.2) 118 (47.8) 72 (41.4)

≥2 servings of whole grains per
day, n (%) 7 (2.8) 2 (1.2) 6 (2.4) 1 (0.6)

Weeks, n 51 33 50 35
Dark green vegetables at least
once per week, n (%) 3 (5.9) 1 (3.0) 3 (6.0) 1 (2.9)

Red and orange, n (%) vegetables
at least once per week, n (%) 19 (37.3) 4 (12.1) 13 (26.0) 5 (14.3)

Bean and peas at least once per
week, n (%) 17 (33.3) 5 (15.2) 17 (34.0) 6 (17.1)

Starchy vegetables at least once
per week, n (%) 3 (5.9) 0 (0.0) 1 (2.0) 1 (2.9)

Other vegetables at least once per
week, n (%) 20 (39.2) 10 (30.3) 25 (50.0) 14 (40.0)

Processed meats one serving per
week or less, n (%) 51 (100) 33 (100) 50 (100) 35 (100)

Pre-fried meats one serving per
week or less, n (%) 51 (100) 33 (100) 50 (100) 35 (100)

Natural cheese only, n (%) 4 (11.8) 5 (21.7) 13 (44.8) 13 (50.0)
Lean meats, nuts, and legumes
only, n (%) 21 (95.5) 11 (100) 21 (95.5) 10 (100)

No non-creditable foods with
added sugars, including candy,
sugary drinks, n (%)

30 (58.8) 32 (97.0) 38 (76.0) 33 (94.3)

Mean total number of best practices
met per week, SD 4.7 (2.1) 4.3 (1.5) 5.1 (1.6) 4.5 (1.4)

Notes: Meal component requirements for CACFP are as follows: Snacks (two components from milk, meat/meat
alternates, vegetables, fruit, grains).
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Table A2. Difference-in-difference model results: centers servings snacks only.

2016 (Pre-Update) vs. 2019
(Post-Update)

CACFP vs. Non CACFP
Interaction between 2019 to 2016
and CACFP Status

n
Odds
Ratio

95% CI p-Value
Odds
Ratio

95% CI p-Value
Odds
Ratio

95% CI p-Value

CACFP minimum nutrition standards

Unflavored skim/low-fat milk to
2–5-year-old children 838 0.16 0.005, 5.2 0.30 2.40 0.0005,

11,895 0.84 3.06 0.11, 86.5 0.51

At least one serving of whole
grains per day 838 0.87 0.58, 1.3 0.52 0.49 0.29, 0.85 0.01 2.62 1.2, 5.5 0.01

No grain-based dessert 838 1.47 0.87, 2.5 0.15 0.69 0.43, 1.1 0.13 3.12 1.2, 7.9 0.02

Best practice standards
Morning snack: Fruit or vegetable
as 1 of 2 components 487 1.11 0.72, 1.70 0.65 1.02 0.19, 5.6 0.98 1.39 0.16, 12.1 0.76

Afternoon snack: Fruit or
vegetable as 1 of 2 components 728 0.86 0.58, 1.3 0.48 0.70 0.40, 1.2 0.20 0.91 0.50, 1.6 0.75

Whole fruit served more often
than juice 838 1.24 0.84, 1.8 0.28 0.81 0.46, 1.4 0.46 0.91 0.49, 1.7 0.77

At least 2 servings of whole grains
per day 838 0.87 0.29, 2.6 0.80 0.38 0.07, 2.0 0.26 0.54 0.03, 8.9 0.66

Dark green vegetables at least
once per week 169 1.01 0.23, 4.5 0.99 0.40 0.02, 7.4 0.54 0.97 0.22, 4.3 0.94

Red and orange vegetables at least
once per week 169 0.59 0.27, 1.3 0.18 0.23 0.07, 0.77 0.02 2.00 0.43, 9.2 0.38

Bean and peas at least once per
week 169 0.98 0.51, 1.9 0.96 0.30 0.10, 0.94 0.04 1.23 0.36, 4.2 0.74

Other vegetables at least once per
week 169 1.51 0.90, 2.5 0.12 0.68 0.26, 1.7 0.42 0.93 0.29, 3.0 0.90

Natural cheese only 169 6.10 1.6, 22.6 0.007 2.07 0.49, 8.8 0.32 0.60 0.10, 3.6 0.58
No non-creditable foods with
added sugars, including candy,
sugary drinks

169 2.13 1.0, 4.3 0.04 30.5 2.6, 352.9 0.006 0.23 0.01, 3.9 0.31

Notes: All regressions adjusted for center capacity. The CACFP 2017 minimum nutrition standard of limiting
100% fruit/vegetable juice to one serving per day as well as the CACFP best practice standards of serving starchy
vegetables at least once per week, serving processed meats once a week or less, serving pre-fried meats once a
week or less, and serving lean meats, nuts, and legumes only were not modeled due to lack of non-positive cases
in certain cells.
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Abstract: A review of the literature showed that there were only a few studies that reported on
the dietary patterns of children in South Africa. The aim of the present study was to characterise
the dietary patterns of children aged 1–<10 years who were studied during the Provincial Dietary
Intake Survey (PDIS) in 2018 and to investigate the socio-demographic predictors thereof, as well
as the associations with stunting and overweight/obesity. Dietary pattern analysis was conducted
within three age groups, namely 1–<3-year-olds, 3–<6-year-olds, and 6–<10-year-olds using iterated
principal factor analysis with varimax rotation and 24 h recall data from the PDIS. The dietary
patterns that emerged seem to be far from ideal. Energy-dense, nutrient-poor patterns were included
in the top three strongest patterns in all three age groupings that were investigated. Few of the
dietary patterns included vegetables other than starchy vegetables, fruit, dairy, quality proteins, and
unrefined carbohydrates. There were no associations between any of the dietary patterns and stunting
or overweight/obesity in the children. Key predictors of greater adherence to the mostly unhealthy
patterns included indicators of a higher socio-economic status in all three age groups, as well as
having an obese mother in the 6–<10-year-old group. Key predictors of greater adherence to the
mostly healthy patterns were a higher wealth index and having an obese mother in the two younger
groups, with no predictors in the 6–<10-year-old group. We conclude that the dietary patterns of
children in the Western Cape contain strong elements of the energy-dense, nutrient-poor dietary
patterns. Interventions to improve the dietary intake of children should be directed at both poorer
and higher income communities.

Keywords: dietary patterns; stunting; overweight; obesity; children < 10 years; South Africa

1. Introduction

The Joint Malnutrition Estimates (JME) report that, globally, 149.2 million children
under five years of age are stunted, 45.4 million are wasted, and 38.9 million are overweight.
Overweight and obesity have emerged as global challenges, affecting low- and high-income
countries alike. Their figures show that the share of both adults and children who are
overweight or obese is increasing globally [1].

Optimal nutrition during infancy and childhood is essential for the growth and de-
velopment of children. Malnutrition in children can result in a range of nutrition-related
health problems, depending on the nature thereof, i.e., deficient and/or excessive intakes of
energy, macro, and micronutrients. Childhood malnutrition phenotypes that are a concern
in South Africa include stunting, overweight/obesity, iron anaemia (iron deficiency), and
low vitamin A levels [2].
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Malnutrition during childhood has been linked to poor cognitive development and,
over time, the promotion of the development of non-communicable disease [3]. According
to Liberali et al. [4], one of the most serious public health problems of the 21st century
in both low-, middle-, and high-income countries is the fact that childhood obesity is a
predictor of risk of obesity in adulthood. Not only is childhood obesity associated with
adult obesity but also with increased risk for numerous non-communicable diseases (NCDs)
such as diabetes, cardiovascular diseases (CVDs), and certain cancers [5,6].

In South Africa, as in many sub-Saharan African countries, a double burden of malnu-
trition is prevalent in children [2]. A recent study of children under five in two provinces
in South Africa clearly illustrates the prevalence of the double burden of malnutrition in
children per se. The prevalence of stunting in under five-year-olds was 21.6%, underweight
5.6%, overweight 10.3%, and obesity 7.0%. In the five- to younger than 10-year-old group,
6.7% were stunted, 6.8% underweight, 13.4% overweight, and 6.8% obese [7]. A comparison
of anthropometric indicators in 1–9-year-olds in the Western Cape (WC) province between
1999 and 2018 shows no increase in stunting in the total group of children (14.9–13.7%), but
an increase in overweight/obesity (13.5–21.8%) [8]. The 2022 Obesity Atlas projects that
28.2% of 5–9-year-old children in South Africa will be obese by 2030 [9].

While many NCDs may not present until later in life, dietary habits and patterns
are generally formed in childhood and continue into adulthood [10]. A World Health
Organization (WHO) systematic review concluded that a person’s predisposition to devel-
oping obesity and other NCDs can be influenced as early as during foetal development
and during childhood [11]. This is confirmed by researchers exploring what is known
as the “life course of disease approach” to NCD prevention and control. This approach
contends that all areas of life should be considered in relation to controlling NCD rates
from preconception and prenatal care, to infancy, childhood, adolescence, adulthood, and
the elderly [12]. The “life course of disease approach” thus advocates for the importance of
educating and introducing intervention strategies from early in life.

The Global Burden of Disease Study (GBDS) noted that the highest rates of mortality
and disability-adjusted life years (DALYs) related to diet were recorded in low- and middle-
income countries [13]. The risk factors associated with the highest rate of mortality in these
countries descending order were as follows: “a diet high in sodium, low in whole grains,
low in fruits, low in nuts and seeds, low in vegetables, low in fish/seafood (omega-3-rich
fatty acids), low in fibre, low in poly-unsaturated fats, low in legumes, high in trans fats,
low in calcium, high in sugar-sweetened beverages, high in processed meat, low in milk
and high in red meat” [13].

The nutrition transition documented in many LMICs is closely associated with the
development of many NCDs [14,15]. This transition is described as a major change in diet
from a traditional pattern which is largely composed of unrefined grains, legumes, fruit,
and vegetables towards one of refined starches, added sugars, and animal products, fats and
oils combined with a reduced intake of fruit, vegetables, legumes, nuts, and seeds [14,15],
which has also been described as an obesogenic dietary pattern [4]. The obesogenic dietary
pattern has been associated with several potential drivers, including economic growth, fast
urbanization, and increase in the production and consumption of highly processed foods,
as well as socio-economic and lifestyle characteristics [16]. Numerous studies have shown
that these ultra-processed foods do not have the same nutritional benefits as unprocessed
foods [17].

The analysis of dietary patterns for investigation of diet–disease interactions was
introduced in the 1980s [18–21]. Dietary patterns provide a broader picture of food and
nutrient consumption that reflects not only the effect of individual nutrients, but also
the contribution of dietary variety and interactions between dietary components [22].
According to Malekua et al. [23], identifying dietary patterns that consider the overall
eating habits, rather than focusing on individual foods or simple counts of consumed foods,
better helps to understand the combined effects of dietary components. This information
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can be translated into suitable dietary guidelines for children to prevent the establishment
of obesogenic dietary patterns, while promoting healthy dietary patterns [24].

Healthy dietary patterns have been described as a “diet [that] largely consists of
vegetables, fruits, whole grains, legumes, nuts, and unsaturated oils, includes a low to
moderate amount of seafood and poultry, and includes no or a low quantity of red meat,
processed meat, added sugar, refined grains, and starchy vegetables”; thus, diverse and
nutrient-dense [25]. As a result, many countries have adopted food-based dietary guide-
lines [26] to assist children and adults in making healthy food choices, including South
Africa [27,28].

The aim of the present study was to characterise the dietary patterns of children
aged 1–<10 years who were studied during the Provincial Dietary Intake Survey (PDIS) in
2018, and to investigate socio-demographic predictors of the identified dietary patterns,
as well as associations between dietary patterns and stunting and overweight/obesity. In
South Africa, little data are available regarding the diet of children and how the nutrition
transition has affected their dietary intake. The only national survey in children was
undertaken in 1999, the National Food Consumption Survey (NFCS), with no follow up
for comparison to show trends and changes in diet [8]. The PDIS study was a follow-up of
the NFCS study in two rapidly urbanizing and economically active provinces, Gauteng
and the Western Cape, to investigate dietary intake and growth status in children aged
1–<10-years [8].

2. Materials and Methods

2.1. Study Area

The two provinces selected were Gauteng (GTG) and the Western Cape (WC), because
they are the most rapidly urbanizing and wealthiest provinces with extensive migration
from rural areas to cities in search of jobs and a better quality of life [29].

2.2. Structure of the Sample and the Sampling Procedure

The detail of sample structure and sampling procedure has been described else-
where [7]. Briefly, six strata were identified, namely two provinces (GTG and WC), with
each having three areas of residence: urban formal, urban informal, and rural areas. Enu-
merator areas (EAs) were identified in each stratum. A stratified two-stage sample design
was used with a probability proportional to the size sampling of EAs at the first stage,
and systematic sampling of households within the EAs at the second stage. The for-
mula included below was used to determine the number of households per stratum, for
six domains:

N = Deft2 × {[(1/P) − 1]/a2}/(R1 × R2 × d)

where

N = the number of households per sampling stratum, taking non-response into account
was calculated to be N (=175);
Deft (=1.3) is the design effect;
P (=0.21) is the estimated proportion of children classified as stunted;
a (=0.2) is the desired relative standard error;
R1 (=0.96) is the individual response rate;
R2 (=0.89) is the household gross response rate;
d (=1.06) is the number of eligible individuals per households [7].

The number of eligible individuals per households (d = 1.06) was calculated as the
average number of children aged 1–<10 years per household. It was proposed to survey
175 × 6 strata, or 1050 households. Precision of estimates across regions (rural, urban
informal, and urban formal) was ensured by including a minimum of 50 interviews per
stratum [7]. Since the sample sizes of GTG rural, WC rural, and urban informal were less
than 150, we increased sampling accordingly to ensure sufficient observations per cell in
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each age group, with the proposed sample size then being 1050 + 218 = 1268. A total of
84 EAs were selected from the six strata, 25 formal residential, 10 informal residential, and
11 rural EAs in GTG, as well as 18 formal residential, 10 informal residential, and 10 rural
EAs in the WC.

2.3. Selection of Households and Children within Households

Maps of primary sampling units were generated and passed on to fieldwork teams.
The total number of households (HHs) in each EA and a listing of eligible HHs was
compiled for each EA, which served as the sampling frame for the selection of HHs.
A maximum of 16 HHs were selected per EA based on a predetermined fixed interval
(calculated to be specific to each EA) starting from a randomly determined point. A backup
sampling frame was constructed in each EA by asking members of the 16 selected HHs to
identify nearby HHs with women and children of the appropriate age of 1–<10 years old.

One child in each randomly selected HH was included in the survey. If more than
one child in the prescribed age interval was present in the HH, then all eligible children in
the HH were numbered in age order for random selection of one child using a “Random
Number Table” designed for this purpose.

Inclusion criteria were as follows: children aged 1–<10 years (12–119 months) old; male
or female; availability of a parent/primary caregiver to provide consent; and availability
of a parent/primary caregiver to assist with completion of the research questionnaires.
Children who were mentally or physically handicapped; who were on a prescribed diet
for a childhood disease, e.g., Type 1 diabetes, phenylketonuria, and other conditions; who
were ill at the time of the visit or were ill during the past 24 h; whose mothers/caregivers
were unable to respond, or appeared to be incapable of responding or providing reliable
information; whose mother/caregiver was under the influence of alcohol/drugs or was
under 15 years old were not eligible for participation.

Sampling weights were calculated to adjust for the oversampling in the rural and
urban informal areas and the number of children in the 1–<3, 3–<6, and 6–<10 year age
groups, bearing in mind the survey design. The final post hoc stratification weighting
reflects the census population of the Western Cape and Gauteng provinces [30]. The three
age groups were demarcated to reflect children who are in the first 1000 days of life (children
in their third year, but not yet three years old, were included in this group), older preschool
children, and primary school-aged children.

2.4. Fieldwork Teams

Fieldwork in each province was led and managed by a registered dietitian (fieldwork
coordinators). Research teams in the two provinces included a team leader and two pairs of
experienced field workers. Team leaders and field workers received a week-long extensive
training session using a manual developed for the purpose of the study. Training was
facilitated by researchers experienced in administration of sociodemographic and dietary
questionnaires, as well as the fieldwork coordinators. Training of the WC fieldwork teams
took place in Cape Town and was attended by the GTG fieldwork coordinator. Subsequently,
training of GTG fieldworkers took place in Johannesburg, which was co-facilitated by the
WC fieldwork coordinator to contribute to data fidelity. After each training module, the
field workers practiced using the questionnaires through role play sessions with each other.
At the end of the week, the field workers completed a practical and written test based on
case studies. Field workers who did not achieve a certain percentage were not selected.

2.5. Measures
2.5.1. Socio-Demographic Questionnaire

The socio-demographic questionnaire included questions (predictors) which could
impact the dietary intake and health outcomes of children and were based on the child,
family, household, and environment. Questions about the child included birth date, gender,
primary caregiver, and whether they attended a creche or preschool facility. Questions about
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the family and household were head of household, marital status of mother, education
and employment status of mother and father, type of house, availability of electricity or
other energy devices, source of drinking water, type of toilet, and household density. These
variables were selected as they were used in the National Food Consumption Survey (1999),
and many were found to be significant predictors of nutritional status at the time [31].

A wealth index was calculated as indicated by the World Bank [32] and applied in the
2016 South Africa Demographic and Health Survey [33]. Iterated principal factor analysis
was used to estimate relative wealth, and this estimation is based on items loading on the
first factor. The first factor contributes to a wealth index that assigns a larger weight to
assets that vary the most across households, so that an asset found in all households is
given a weight of zero. The wealth index in this study was based on amenities available in
the home and environment [7].

Hunger (food security) was measured using the Community Childhood Hunger
Identification Project (CCHIP) questionnaire [34]. This questionnaire measures household,
child, and individual-level food security. The scale comprises eight questions and a score
of one is given for affirmative answers. A total score of 5–8 indicates the presence of food
shortage (hunger) in the household, a score of 1–4 reflects risk of hunger, and a score of
zero indicates that the house is food-secure (no hunger).

2.5.2. Dietary Intake

A 24 h recall was conducted with each participant to determine dietary intake using the
multiple pass method [35] (details on the application of this method have been described
elsewhere, Steyn et al. [36]). The literature indicates that the accuracy of reporting one’s
own dietary intake in younger children is not good, but that it improves between the ages
of 8 and 12 years [37]. Consequently, in this study, all dietary interviews took place in the
presence and with the input of the mother/primary caregiver. For 1–6-year-old children,
the mother/caregiver reported on the intake of the child on the previous day with no
input from the child. For 7–<10-year-old children, the mother/caregiver and child were
interviewed together to record the dietary intake during the prior 24 h. If the child had
been at a day care centre the previous day, the centre was visited by the fieldworker and the
meals and portion sizes determined for the 24 h in question. All weekdays and Sundays
were covered proportionally by each team to ensure that potential variation due to day of
the week was captured.

Portion sizes were obtained using a booklet adapted from the Dietary Assessment and
Education Kit (DAEK) [38]. The booklet comprises life-size sketches of generic household
utensils and crockery (Figure 1) and life-size portions of actual foods, e.g., different slices
of bread varying in size and thickness, to make estimations of portion size as accurately as
possible. The sketches were validated in adolescents [39]. Generic three-dimensional food
models made from flour were also used to assist in recording volume measures such as
porridge and rice.

Breast milk consumption was quantified by asking mothers whether their child was
still receiving breast milk and, if yes, the number of feeds the child received during the
previous 24 h. Based on the study by Neville et al. [40], we used an estimate of 100 mL per
feed to calculate the volume of breast milk consumed per day.

A common concern with a single 24 h recall is the day-to-day variation in the diet
of free-living populations. The National Cancer Institute (NCI) method [41,42] that was
developed to distinguish within-person from between-person variation accounts for ex-
treme intakes, including zero intake, allows for adjustment for covariates and association
analyses, and was applied in this study to estimate the usual dietary intake from repeated
24 h dietary recall assessments on a subsample of 148 (second recall) and 146 (third recall)
children (details on the application of this method in this research have been described
elsewhere) [36].
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Figure 1. Life-size generic models used in the DAEK [38].
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After completion of an EA, the questionnaires were verified by the two registered
dietitians who managed the fieldwork in the two provinces for quality control purposes.
The 24 h recalls were coded by these dietitians using the South African Food Composition
Tables (SAFCTs) [43], each coding the recalls collected in their allocated province. Where
necessary, codes were confirmed in consultation with the rest of the research team to ensure
uniform decisions and coding of foods.

Food items were allocated to 30 food parameters based on the similarity of nutrient
profiles in the allocated SAFCT food codes [43] (Table 1).

Table 1. Food parameters and allocated foods for dietary pattern analyses.

Food Parameters
Terminology in
Result Tables

Allocated Foods

Infant food Infant food Breast milk, breast milk substitutes, infant cereals

White bread Bread white White bread or rolls

Brown bread Bread brown Brown and whole wheat bread or rolls

Unrefined cereals UCs Hi-fibre breakfast cereals, e.g., All-Bran, Weetbix

Refined cereals RCs Refined breakfast cereals, sweetened and unsweetened

Maize porridge Maize pap Soft, stiff, and crumbly

Other refined carbohydrates Rcarb-other Rice, pasta, samp, mabella, mageu

Cheese Cheese Cheddar, gouda

Dairy Dairy Milk, yoghurt, and maas (sour milk)

Poultry Poultry With or without skin, any preparation

Red meat Red meat Beef, mutton, lamb and organ meat, any preparation

Processed meat Proc meat Cold meats, sausages, canned meat, dried meat

Eggs Eggs Any preparation

Fish Fish Fresh, canned, any preparation

Legumes Legumes Beans, lentils—soup and other preparations, soy mince

Vegetables: starchy Veg-starchy Potatoes, sweet potato, corn, sweet corn

Vegetables: starchy + fat Veg-starchy + fat “Slap chips” 1, potato roasted in fat, candied sweet potato

Vegetables: non starchy Veg-non starchy All vegetables except for starchy vegetables

Fruit Fruit Any fresh, canned or dried fruit, juice

Fats and oils: saturated Fats-oils-sat Butter, lard, hard margarine, coconut oil, non-dairy creamer

Fats and oils: unsaturated Fats-oils-unsat Soft margarine, plant oils, avocado, nuts, salad dressing

Refined carbohydrate + fat Rcarb + fat Savoury snacks—crisps, crackers

Refined carbohydrate + fat + sugar Rcarb + fat + sugar Cake, tarts, doughnuts, ice-cream, chocolates

Refined carbohydrate +protein + fat Rcarb + prot + fat Samoosas, pies, vetkoek, pizza, pasta dishes, fish cake

Refined carbohydrates + sugar Rcarb + sug Sweets: boiled, jelly-like

Sugar-sweetened beverages SSBs Fizzy drinks, squash, sport drinks

Sugar or syrup Sugar Granulated sugar, syrup, jam

Tea-coffee Tea-coffee Rooibos tea, Ceylon tea, coffee (no milk/sugar added)

Soup-sauces Soup-sauces Commercial soups, tomato sauce, chutney

Miscellaneous Misc. Condiments, Marmite, Bovril, fish paste

Mageu = fermented maize drink; Maas = sour milk; Vetkoek = balls of dough fried in oil; 1 French fries.
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2.6. Data Management and Analysis

All data were captured centrally by two experienced researchers. Data analyses were
conducted using SAS Version 9.4, SAS for Windows (SAS Institute, Carry, NC, USA).
Frequencies were tallied for the socio-demographic variables which were compared be-
tween the WC and GTG using the Rao–Scott chi-squared test, incorporating the complex
survey design.

Dietary pattern analysis was conducted within each of the designated age groups,
namely 1–<3-year-olds, 3–<6-year-olds, and 6–<10-year-olds using principal factor analysis
with varimax rotation [44]. It is evident from other research that the dietary units of
analysis used for dietary pattern identification include percentage of total daily energy
contribution (kJ) of each food group/item [45], or daily amount consumed from each food
group/item in grams [46], or daily frequency of consumption of a food group/item [47].
We conducted principal factor analyses using each of these options. After consideration
of the Kaiser–Meyer–Olkin (KMO) statistic, which tests the appropriateness of applying
principal factor analysis to the dataset (post hoc sampling adequacy) [48], as well as the
percentage total variance explained by the identified patterns, it was evident that the
frequency of consumption of food groups/items was the most appropriate dietary unit to
use for our dataset.

As the frequencies of intake of the 30 food parameters calculated for this research
(Table 1) were not normally distributed, the data were normalised using Blom’s transforma-
tion [49]. Ricci et al. explain that this transformation is particularly suitable to normalise
and standardise food or nutrient intakes before principal factor analysis is conducted [50].
The decision on the number of dietary patterns to be retained was based on the visual
inspection of the scree plot, eigenvalues of >1.5, and interpretability of the pattern, as was
conducted by Faber et al. [51]. No golden rule on the cut-off for the exclusion of food
parameters in the principal factor analysis, using the pattern (factor) loadings, has yet
been set. We retained food parameters with a loading of >0.3 and <−0.3 for interpretation
and naming of each dietary pattern, which is in line with the cut-offs used by several
other researchers [50–52]. Factor scores were generated for each food parameter using the
loading of all 30 food parameters on each factor pattern. Higher factor scores reflect greater
adherence of the food parameter to the specific pattern.

Predictors of dietary patterns were identified by constructing multiple regression mod-
els with backward elimination. As five patterns were retained in each age group, a total of
15 regression models were constructed. The dietary pattern scores were standardized-
dependent variables with zero means and standard deviations of 1 unit. The socio-
demographic variables outlined above, as well as province (the WC and GTG) were the
independent variables in these analyses. The parameter estimate, standard error (SE), as
well as the p-value for the independent variables that showed a significant association with
the outcome variables that were retained in the final models are reported in the results.
Variance inflation factors (VIFs) were calculated and were all less than 1.6, indicating the
absence of multicollinearity.

The association between dietary patterns and anthropometric variables was investi-
gated using logistic regression with (1) BAZ > 2SD and (2) HAZ < −2SD as dependent
variables, with the pattern score as independent variable while controlling for age, gender,
and province.

3. Results

3.1. Results for Sociodemographic Profile of HHs

Data on the socio-demographic profile of HHs included in the study are shown in
Table 2. The sample comprised 49.3% of boys and 50.7% of girls. For 70.4% of the children,
the primary caregiver was the mother, while the head of the household was mostly the
father (39.7%) or the grandmother (24.0%). Fifty-three percent of mothers did not complete
grade 12 compared with 29.1% of fathers. Significantly more mothers were employed in
the WC compared with GTG (38.4% vs. 22.4%), while 65% of all fathers were employed.
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In the WC, 68.0% of the sample were of mixed ancestry, while in GTG 97.8% were black
African. The majority of the sample were urban formal residents (88.2%). Food insecurity
was present in 20.7% of the households.

Table 2. Sociodemographic and other characteristics of the 1–<10-year-old children in the two
provinces studied.

Gauteng
N = 733
% (95% CI)

Western Cape
N = 593
% (95% CI)

Rao–Scott
Chi-Sq Values

All
N = 1326
% (95% CI)

Primary caregiver
Mother 70.1 (65.6–74.6) 71.0 (64.7–77.2) 0.045 * 70.4 (66.8–74.0)
Father 6.6 (3.4–9.7) 1.8 (0.2–3.3) 5.0 (2.8–7.1)
Grandparent 16.7 (12.9–20.4) 21.0 (15.5–26.4) 18.1 (15.0–21.2)
Other (e.g., sibling, aunt) 6.7 (4.0–9.5) 6.3 (2.1–10.4) 6.6 (4.3–8.8)
Age in years
1–<3 years 26.3 (22.1–30.6) 25.3 (19.4–31.2) 0.923 26.0 (22.6–29.4)
3–<6 years 35.4 (31.0–39.8) 35.1 (30.7–39.5) 35.3 (32.1–38.5)
6–<10 years 38.3 (34.1–42.4) 39.6 (33.1–46.1) 38.7 (35.2–42.2)
Gender
Male 50.2 (45.5–54.9) 47.5 (43.1–51.9) 0.391 49.3 (45.9–52.7)
Female 49.8 (45.1–54.5) 52.5 (48.1–56.9) 50.7 (47.3–54.1)
Head of household
Father 40.2 (33.8–46.6) 38.8 (34.6–43.0) 0.132 39.7 (35.3–44.1)
Mother 16.8 (13.8–19.9) 10.8 (7.0–14.5) 14.8 (12.5–17.2)
Grandmother 21.9 (15.5–28.3) 28.3 (21.8–34.9) 24.0 (19.3–28.8)
Grandfather 11.7 (8.3–15.1) 14.0 (10.0–18.0) 12.5 (9.9–15.0)
Other (e.g., aunt, uncle) 9.4 (5.7–13.1) 8.1 (4.9–11.4) 9.0 (6.3–11.7)
Marital status of mother
Unmarried 41.1 (34.9–47.2) 34.8 (28.4–41.1) <0.001 *** 39.0 (34.4–43.5)
Married 24.9 (20.5–29.4) 41.3 (33.3–49.2) 30.4 (26.4–34.3)
Divorced/widowed 4.8 (2.5–7.0) 2.4 (0.7–4.2) 4.0 (2.4–5.6)
Living together 27.8 (22.0–33.6) 20.8 (15.9–25.7) 25.5 (21.4–29.6)
Other 1.4 (0.2–2.6) 0.8 (0.0–1.8) 1.2 (0.3–2.1)
Mother’s highest education
Not completing Gr. 12 51.2 (44.9–57.4) 57.7 (47.1–68.3) 0.183 53.3 (47.9–58.7)
Completion of Gr. 12 33.9 (28.4–39.4) 24.7 (17.6–31.8) 30.8 (26.5–35.2)
Qualification after Gr.12 12.2 (8.7–15.7) 15.6 (7.6–23.6) 13.3 (9.9–16.8)
Do not know 2.8 (1.4–4.1) 2.0 (0.5–3.5) 2.5 (1.5–3.5)
Father’s highest education
Not completing Gr. 12 26.9 (22.0–31.7) 33.8 (29.0–38.5) 0.323 29.1 (25.6–32.7)
Completion of Gr. 12 32.6 (26.9–38.3) 30.4 (25.2–35.6) 31.9 (27.8–36.0)
Qualification after Gr.12 13.1 (9.4–16.9) 10.7 (5.7–15.7) 12.3 (9.4–15.3)
Do not know 27.4 (22.4–32.4) 25.2 (19.7–30.6) 26.7 (22.9–30.4)
Mother’s employment status
Yes 22.4 (17.8–26.9) 38.4 (31.0–45.9) <0.001 ** 27.7 (23.9–31.5)
No 74.6 (69.6–79.6) 60.2 (53.0–67.5) 69.8 (65.8–73.9)
Do not know/not applicable 3.0 (1.3–4.7) 1.3 (0.3–2.4) 2.5 (1.3–3.6)
Father’s employment status
Yes 64.8 (60.6–69.1) 65.3 (59.7–70.9) 0.953 65.0 (61.6–68.4)
No 21.4 (17.5–25.3) 20.5 (15.1–25.9) 21.1 (18.0–24.2)
Do not know/not applicable 13.8 (11.1–16.4) 14.1 (10.2–18.1) 13.9 (11.7–16.1)
Wealth index quintiles
One 21.1 (14.6–27.6) 17.7 (10.7–24.7) 0.263 20.0 (15.1–24.8)
Two 17.8 (12.0–23.6) 24.3 (20.0–28.6) 20.0 (15.9–24.0)
Three 21.3 (17.0–25.7) 17.0 (12.6–21.4) 19.9 (16.7–23.1)
Four 21.5 (16.7–26.3) 17.5 (12.4–22.6) 20.2 (16.6–23.7)
Five 18.3 (11.6–25.0) 23.5 (14.5–32.5) 20.0 (14.7–25.3)
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Table 2. Cont.

Gauteng
N = 733
% (95% CI)

Western Cape
N = 593
% (95% CI)

Rao–Scott
Chi-Sq Values

All
N = 1326
% (95% CI)

Ethnicity
Black African 97.8 (96.0–99.6) 27.6 (12.9–42.3) <0.001 ** 74.5 (69.5–79.4)
Mixed ancestry 2.2 (0.3–4.0) 68.0 (53.7–82.4) 24.1 (19.2–28.9)
Other 0.0 (0.0–0.1) 4.4 (0.6–8.2) 1.5 (0.3–2.7)
Type of residence
Rural 2.4 (0.7–4.1) 6.6 (1.6–11.5) 0.194 3.8 (1.9–5.7)
Urban formal 88.9 (82.3–95.4) 86.8 (79.1–94.5) 88.2 (83.2–93.2)
Urban informal 8.7 (2.7–14.7) 6.6 (1.7–11.5) 8.0 (3.7–12.3)
Mother’s BMI [39]
Underweight/normal
BMI = <18.5 and 18.5–24.9 kgm2 33.3 (28.0–38.5) 29.1 (23.6–34.5) 0.002 ** 32.0 (28.0–35.9)

Overweight
BMI = 25–29.9 kgm2 27.7 (23.6–31.8) 20.4 (16.5–24.3) 25.4 (22.4–28.5)

Obese BMI ≥ 30 kgm2 39.1 (35.8–42.3) 50.6 (43.0–58.1) 42.6 (39.4–45.8)
Hunger scale [25]
Total score = 0: No risk 57.9 (49.5–66.3) 48.8 (38.9–58.7) 0.1483 54.9 (48.5–61.3)
1–4: At risk of hunger 22.1 (17.2–27.0) 28.9 (23.0–34.9) 24.4 (20.6–28.2)
5–8: Food shortage in house 20.0 (14.8–25.1) 22.3 (16.5–28.0) 20.7 (16.8–24.6)

95% CI, 95% confidence intervals; * Significant relationship between the variable and province, chi-squared
p-value < 0.05; ** p < 0.01; *** p < 0.001; N-values reflect actual number of cases, estimates are adjusted using
relevant weighting.

3.2. Results for 1–<3-Year-Old Children

The five dietary patterns and significant socio-demographic predictors for 1–<3-year-
olds are shown in Table 3. The total variance explained by the five patterns in this age
group is 31.7%.

Maize porridge had a very high (PL = 0.84) positive pattern loading (PL) on the first
dietary pattern. Soup/sauces also loaded positively (PL = 0.44), while dairy and refined
carbohydrates loaded negatively. This pattern was labelled the “Pap & sauce pattern” Pap
is the term commonly used for maize porridge which can be eaten soft, stiff, or crumbly as
a starch. Predictors for greater adherence to this pattern were living in Gauteng and being
at risk of or experiencing hunger. Predictors of lesser adherence were having an aunt or
uncle as head of the household, a mother with a grade 12 qualification, a father who has a
post grade 12 qualification, and a greater wealth index.

The two food parameters that had the highest positive loading on the second pattern
were tea/coffee (PL = 0.74) and sugar (PL = 0.72) and this was labelled the Tea/coffee
and sugar pattern. Fats and oils high in saturated fat and legumes also loaded positively
on this pattern (PL < 0.6). Predictors of greater adherence to this pattern were a higher
wealth index and being at risk of hunger. Being looked after by a sibling or aunt predicted
lesser adherence.

Foods that comprised a combination of refined carbohydrates and fat, e.g., crisps or
savoury biscuits (PL = 0.52) and foods that comprise a combination of refined carbohy-
drates, sugar, and fat, e.g., cake, ice cream, and chocolate (PL = 0.5), brown bread (PL = 0.42),
SSBs (PL = 0.41), and fruit (PL = 0.36) loaded positively on this pattern, and was labelled the
“Mostly unhealthy snack pattern”. Baby foods loaded negatively on this pattern. Predic-
tors of greater adherence to this pattern were having a mother with a grade 12 qualification
and a father with a post grade 12 qualification. Having a grandmother as primary caregiver
predicted lesser adherence.
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White bread had the highest positive loading on the fourth pattern (PL = 0.65), with
processed meat (PL = 0.53), miscellaneous items, e.g., Marmite, Bovril, fish paste, and
condiments (PL = 0.36), as well as eggs (PL = 0.32) also loading positively on this pattern,
and was labelled the “White bread & topping pattern”. Significant predictors of lesser
adherence to this pattern were living in Gauteng, being looked after by a sibling or aunt,
and having an obese mother. There were no predictors of greater adherence.

Unsaturated fats and oils had the highest positive loading (PL = 0.6) on the fifth
pattern. Vegetables (all except starchy vegetables) (PL = 0.41) and fish (PL = 0.31) also
loaded positively, while poultry (PL = −0.35) and sweets (PL= −0.55) loaded negatively
on this pattern, and were labelled the “Healthy pattern”. Predictors of greater adherence
to this pattern were living in Gauteng, having an overweight mother or obese mother,
and a higher wealth index. Having a grandparent as head of the household predicted
lesser adherence.

Starchy vegetables combined with fat, e.g., “slap chips” (French fries) did not load on
any dietary pattern in this age group.

There were no significant associations between dietary patterns and HAZ or BAZ
variables (results not shown in a table).

3.3. Results for 3–<6-Year-Old Children

Dietary patterns and significant socio-demographic predictors for 3–<5-year-olds are
shown in Table 4. The total variance explained by the five patterns in this age group
is 30.5%.

Tea/coffee (PL = 0.85) and sugar (PL = 0.82) had very high positive loadings on the
first dietary pattern. Fats and oils (saturated PL = 0.49 and unsaturated PL = 0.31 fats/oils),
as well as brown bread (PL = 0.33) also loaded positively on this pattern, which was labelled
the “Tea/coffee, sugar & sandwich pattern”. There were no significant socio-demographic
predictors of this pattern.

The second pattern was labelled the “Unhealthy pattern” as all food parameters
that loaded positively on it were deemed to be unhealthy. These items are white bread
(PL = 0.65); starchy vegetables combined with fat, e.g., “slap chips” (French fries) (PL = 0.55);
foods which combine refined carbohydrates with animal protein and fat, e.g., pies, “vetkoek”,
pasta dishes and pizza (PL = 0.41); foods which combine refined carbohydrate with sugar
and fat, e.g., cake, doughnuts, ice cream, and chocolates (PL = 0.41); and processed meat
(PL = 0.36). Predictors of greater adherence to this pattern were having a grandparent
as head of the household, a higher wealth index, and having a mother who is employed.
Living in Gauteng was a predictor of lesser adherence.

The food parameter, RC-other, which includes rice and pasta, had the highest loading
(PL = 0.71) on the third pattern. Starchy vegetables (PL = 0.48) and poultry (PL = 0.43) also
loaded positively on this pattern, while maize porridge loaded negatively (−0.53). It was
labelled the “Starch & poultry pattern”. Being looked after by a sibling or aunt, living in
Gauteng, and having an overweight mother were predictors of lesser adherence to this
pattern. There was no significant predictor of greater adherence.

Four food items that could typically be consumed as part of breakfast loaded positively
on the fourth pattern, including dairy (PL = 0.62), fruit (PL = 0.57), cheese (PL = 0.46),
and refined breakfast cereal (PL = 0.46). This pattern was labelled the “Breakfast pattern”.
Predictors of greater adherence to this pattern were being a girl, a higher wealth index,
and having a mother with a post grade 12 qualification, a father with a grade 12 or a post
grade 12 qualification, an employed mother, and an obese mother. Predictors of lesser
adherence were living in Gauteng, being looked after by a grandmother, and having an
employed father.
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Legumes (PL = 0.41), vegetables (all except starchy vegetables) (PL = 0.41), and
miscellaneous items, e.g., Bovril, marmite, fish paste (PL = 0.40) loaded positively on the
fifth pattern, while unrefined carbohydrates loaded negatively (PL= −0.64). This pattern
was labelled the “Vegetable & legume pattern”. Predictors of greater adherence to this
pattern were living in Gauteng and the presence of hunger in the household. There was no
significant predictor of lesser adherence.

Soups/sauces, as well as foods that combine refined carbohydrates and fat, e.g., crisps
(any type) and salty biscuits did not load on any pattern in this age group.

There were no significant associations between dietary patterns and HAZ or BAZ
variables (results not shown in a table).

3.4. Results for 6–<10-Year-Old Children

Dietary patterns and significant socio-demographic predictors for 6–<10-year-olds are
shown in Table 5. Total variance explained by the five patterns in this age group is 31.37%.

Foods that combined refined carbohydrates with fat, e.g., crisps and salty biscuits,
had the highest loading on the first pattern (PL = 0.47), followed by SSBs (PL = 0.44), fruit
(PL = 0.41), unrefined cereals (PL = 0.4), and sweets (PL = 0.36), while fish (PL = −0.33),
legumes (PL = −0.39), and maize porridge (PL = −0.5) loaded negatively. As only two
healthy food items loaded positively (versus three unhealthy items) and three healthy
items loaded negatively on this pattern, it was deemed to be more reflective of unhealthy
eating. It was labelled the “Mostly unhealthy pattern 1”. Predictors of greater adherence
to this pattern were having a father with a grade 12 qualification, a higher wealth index,
and having an obese mother. Predictors of lesser adherence to this pattern were living in
Gauteng, being at risk of experiencing hunger, and having hunger present in the household.

Tea and/or coffee (PL = 0.85), sugar (PL = 0.82) and dairy loaded positively on the
second pattern and this was labelled the “Tea/coffee, sugar and dairy pattern”. Predictors
of lesser adherence to this pattern were the mother being the head of the household,
being looked after by a sibling or aunt, being a girl, and living in Gauteng. There was no
significant predictor of greater adherence to this pattern.

Food parameters that loaded positively on the third pattern were mostly unhealthy,
including refined breakfast cereals (PL = 0.53); foods which combined refined carbohydrates
with animal protein and fat, e.g., pies, “vetkoek”, pasta dishes, and pizza (PL = 0.34); and
foods which combined refined carbohydrates with sugar and fat, e.g., cake, doughnuts, ice
cream, and chocolates (PL = 0.32), with red meat being the exception (PL = 0.44). As two
healthy food parameters, non-starchy vegetables and poultry also loaded negatively on
this pattern, which was labelled the “Mostly unhealthy pattern 2”. Predictors of greater
adherence to this pattern were a higher wealth index and having a mother with a post
grade 12 qualification. Predictors of lesser adherence were living in Gauteng and having
hunger present in the household.

White bread had a high loading PL = (0.84) on the fourth pattern together with
unsaturated fats and oils (PL = 0.48) and processed meat (PL = 0.42), while brown bread
loaded negatively (PL = −0.51). This pattern was labelled the “White bread & processed
meat pattern”. The only significant predictor for this pattern was living in Gauteng, which
predicted lesser adherence.

The fifth pattern was labelled the “Non-maize pap or bread starch pattern,” as “other”
refined carbohydrates, e.g., rice and pasta (PL = 0.68) and starchy vegetables (PL = 0.46)
loaded positively on this pattern. Predictors of greater adherence to this pattern were
having an aunt or uncle as head of the household, being looked after by a grandmother,
being at risk of experiencing hunger, and having hunger in the household. Predictors of
lesser adherence were having an employed father and living in Gauteng.

Soups/sauces, and starchy vegetables that were combined with fat, e.g., “slap chips”
(French fries), did not load on any pattern in this age group.

There were no significant associations between dietary patterns and HAZ or BAZ
variables (results not shown in a table).
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4. Discussion

A review of the literature shows that there are not many studies that report on the
dietary patterns in children. In the present study, we set out to examine dietary patterns and
socio-demographic predictors thereof in 1–<10-year-old children in two economically active
provinces in South Africa. We also investigated associations between identified patterns
and anthropometric indicators in the children. The results show that the dietary patterns
were far from ideal, with no associations with anthropometric indicators. Predictors of both
healthy and unhealthy patterns related to having a higher socio-economic status and an
obese mother.

Tea (mostly rooibos tea) with sugar, but not so much coffee, is a drink that has
previously been found to load strongly on dietary patterns in children under 2 years of age
in lower income areas in in KwaZulu Natal and the North West province in South Africa
(using a single unadjusted 24 h recall for dietary pattern analysis) [51]. Moreover, these
researchers found that, in their 18–24-month-old group, sugar also had a high loading on the
tea pattern. This indicates that tea was taken with sugar and the researchers speculated that
mothers were substituting breast milk/formula milk with tea as children grew older [51],
despite the recommendation in the paediatric food-based dietary guidelines that tea, coffee,
and sugary drinks should be avoided [27]. Our results confirm that a tea/coffee–sugar
pattern seems to be common in young children in South Africa as a Tea/coffee and sugar
pattern emerged as one of the two strongest patterns in each age group, with pattern
loadings (PLs) for tea/coffee and sugar being >0.8 in the two older groups and >0.7 in the
1–<3-year-old group.

Dairy also loaded on the Tea/coffee and sugar pattern in the 6–<10-year-olds, but not in
the two younger age groups. This may indicate that tea is not necessarily given with milk
in the younger age groups, reducing the potential nutrient density of the pattern in terms of
quality protein, calcium, and other micronutrients. The practice of feeding children sugar
in combination with black tea was also reported for children in Kenya and Tanzania [52].
However, in the 4–<6-year-olds, brown bread and fats (saturated and unsaturated), loaded
on the tea/coffee and sugar pattern, indicating that the drink may be accompanied by a
sandwich made form healthy bread with butter/margarine as a spread, increasing nutrient
density. Predictors of the Tea and coffee pattern were contradictory, with indicators of both a
higher socio-economic and a hunger profile being contributors to greater adherence to the
Tea/coffee and sugar pattern.

Patterns that reflect the energy-dense, nutrient-poor Western dietary pattern [14]
were prominent in the study sample. Pattern 3 (Mostly unhealthy snacks) in 1–<3-year-olds
comprised unhealthy snacks such as crisps, salty biscuits, cake, sweet biscuits, ice cream,
chocolate, and SSBs (fruit also loaded on this pattern, but with a lower PL). Pattern 4 (White
bread and toppings) in this age group comprised a sandwich on white bread with mostly
unhealthy toppings (processed meat, salty spreads). Pattern 2 (Unhealthy foods and snacks) in
the 4–<6-year-old age group was deemed to be unhealthy and comprised white bread, “slap
chips,” items such as pies, “vetkoek”, pasta dishes, pizza, cake, as well as the unhealthy
snacks mentioned for the 1–<3-year-olds. The strongest pattern (Mostly unhealthy 1) in the
6–<10-year-old group comprised unhealthy snacks such as crisps, salty biscuits, SSBs, and
sweets (fruit and unrefined breakfast cereal also loaded on this pattern, but with lower
PLs). Pattern 3 (Mostly unhealthy 2) in this age group comprised unhealthy meal items such
as refined breakfast cereals and foods/items such as pies, “vetkoek”, pasta dishes, and
pizza, as well as the mentioned unhealthy snacks. Pattern 4 (White bread and processed meat)
in this age group comprised white bread, a saturated/unsaturated fat (margarine) spread,
and processed meat.

Unhealth dietary patterns consumed by South African children have been reported
by a few groups. Hooper et al. [53] indicated that the diets of 8–13-year-olds in urban
areas in the Western Cape included unhealthy items such as fried potatoes, sausages,
tinned fruit salad, custard, and jelly. Faber et al. [51] described a More westernized pattern
in children under 2 years of age in KwaZulu Natal and the North West province, which
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was found to be positively associated with unhealthy nutrients such as cholesterol and
saturated fat, emphasizing the importance of interventions to address unhealthy food
choices. White bread flour in South Africa is fortified with eight micronutrients [54], but
the fortification mix does not include calcium; vitamins C, D, and E; and other biologically
active compounds found in unrefined cereals, fruit, and vegetables. White bread with a
margarine spread and polony seems to be a recurring pattern in young children in the
Western Cape, either served as a meal at home or included in the school lunch box [55].
Together with refined breakfast cereals, white bread may reflect the presence of poor food
choice patterns, as they were combined with unhealthy snacks and foods in the patterns
we identified.

A higher socio-economic status (higher wealth index, father and/or mother with
grade 12/post-grade 12 qualification, and mother employed) were significant promoters
of the unhealthy patterns identified in the present study. Temple and Steyn [56] and
Heady et al. [57] showed that healthy foods such as milk, animal proteins, vegetables,
and fruits, are more expensive than unhealthy foods. However, in their comparison of
relative caloric prices (RCPs) of healthy and unhealthy across income levels and continents,
Heady et al. [57] also categorized soft drinks, fruit juice, and salty snacks as expensive, and
processed meats as very expensive. The Health Promotion Levy on sugary beverages was
legislated 2017, with the aim of reducing SSBs consumption [58]. If households were to
continue purchasing these items, as is evident from the PDIS results where these drinks
were the fifth most consumed item (31% in 1–<3-year-olds; 42% in 3–<6-year-olds; 50%
in 6–<10-year-olds) [36], it would come with the extra cost. The continued use of SSBs in
South African communities is further illustrated in the results of the household inventory
conducted by O-Halloran et al. [55] in low-income households in the Cape Town Metropole,
where fizzy drinks were present in 66.6% of surveyed households. Of note is that fruit,
which is classified as expensive [56,57], also loaded on Pattern 3 in the 1–<3-year-olds
and Pattern 1 in the 6–<10-year-olds, albeit with lower PLs than the unhealthy items.
Socio-demographic predictors of a Sweet tooth dietary pattern in Ghanaian adolescents
also included household wealth, living with parents, and going to school with pocket
money [59]. Money taken to school is usually spent at school tuckshops, where mostly
unhealthy items, including crisps, sweets, chocolates, and fizzy SSB are sold to children in
higher and lower socio-economic areas [55,60].

Each of the three age groups had a dietary pattern that was composed mainly of one
or a combination of starches. This could reflect the South African Food-Based Dietary
Guideline of making starchy foods part of most meals [61]. Maize porridge is typically
given to young children in South Africa, especially in under 2-year-olds, either as a soft
porridge at breakfast and/or in a stiffer consistency at lunch and/or supper with/without
a sauce/soup containing some form of meat and/or vegetables [36,51]. It was thus not
surprising that the strongest pattern in the 1–<3-year-olds in the youngest age group in the
current study comprised maize porridge as the key starch and a soup/sauce (Maize pap
and soup/sauce pattern). The nutrient density of this pattern may be acceptable if combined
with a sauce/soup containing a quality protein, because maize meal is also fortified with
eight micronutrients [54]. However, it is a concern that dairy does not load on this pattern
in this age group. Pattern 3 (Starches and poultry) in the 4–<6-year-olds and Pattern 5
(Starches) in the 6–<10-year-olds comprised rice, pasta, and starchy vegetables, with poultry
also loading on Pattern 3 in the 3–<6-year-old group. Starch-based diets could be low
in nutrient density if they do not include a fortified cereal and are not combined with
quality protein, fruit, and vegetables. Being at risk of or experiencing hunger promoted the
starchy patterns in the youngest and oldest age group, while there were no promotors of
the pattern in the 4–<6-year-old group. Starchy dietary patterns have been shown to be
linked to poverty [62,63].

Patterns that included mostly healthy food items were Pattern 5 (Vegetables and Fish)
in the 1–<3-year-old group and Patterns 4 (Breakfast items) and 5 (Legumes and Vegetables)
in the 4–<6-year-old group. Pattern 5 in the youngest age group included unsaturated
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fats/oils, vegetables (except starchy vegetables), and fish, with the fats/oils most probably
used in the preparation of the fish and vegetables. Healthy food items that loaded on
Pattern 4 (Breakfast items) in the 3–<6-year-old group were dairy, fruit, and cheese. However,
refined breakfast cereal, which is typically not classified as healthy, also loaded on this
pattern. Based on the profiles of expensive versus cheap foods outlined by Temple et al.
and Heady et al. [56,57], these two patterns can be categorized as expensive. The promotors
of greater adherence to these patterns were higher WI (both patterns), higher qualified
mother (both patterns), and father and an employed mother, confirming that income plays
a role in the establishment and maintenance of these mostly healthy patterns. Pattern 5 in
the 4–<6-year-olds included legumes and vegetables (excluding starchy vegetables), which
are classified as healthy food choices [64,65]. However, salty spreads and condiments also
loaded equally on this pattern. Faber et al. [51] identified a Rice and legume pattern in in
12–17-month-olds from low socio-economic populations in South Africa in Kwa-Zulu Natal
and the Northwest province, which was positively associated with fibre, plant protein, and
polyunsaturated fat [51]. Of note is that, for some children a pattern consisting of either
legumes and vegetables, or rice and legumes, this may not be combined with high-quality
protein which would not sustain optimal growth and development. Confirming this notion,
Pisa et al. [66] found a positive association between BMI-for-age z-scores and a dietary
pattern characterized by animal products and a second pattern comprising starch and
folate. Our results show that hunger in the household promoted greater adherence to the
Legume and vegetable pattern in this age group, suggesting that there is a possibility that
quality proteins may be lacking.

It is important to note that not a single pattern that included mostly healthy items
emerged in the 6–<10-year-old group. This illustrates a potential decrease in dietary
quality with increasing age among primary school children. The results on adequacy of
micronutrient intake in the PDIS sample confirms that 6–<10-year-olds had a lower intake of
calcium, phosphorus, zinc, and vitamin C than the younger age groups [67]. Dietary pattern
identification using data from a quantified food frequency questionnaire (recall period past
7 days) and principal component (PC) analysis in 9–11-year-old children in urban areas
from 12 countries across the world (n = 7199) resulted in two strong components, namely a
Healthy pattern and an Unhealthy pattern. The Healthy pattern included dark green vegetables,
orange vegetables, other vegetables, berries, and fruits while the Unhealthy pattern included
fast foods, fried food, French fries (“slap chips”), and SSBs. The researchers concluded that
the same “healthier” and “unhealthier” foods tend to be consumed in similar combinations
among 9–11-year-old children in different countries, despite variation in food culture,
geographical location, ethnic background, and economic development [68].

A few studies in children and adolescents have shown associations between dietary
patterns and undernutrition outcomes. Three patterns that included a quality animal
protein were identified in children aged < 5 years living in rural Burkina Faso, but the
Leaves-based diet did not result in improvements in wasting and stunting (dietary method
used: semi-quantitative food frequency questionnaire; recall period—past 7 days) [69].
Analysis of dietary data for children younger than 5 years of age from the Demographic
Surveillance System conducted in Kwale County, Kenya, showed that the Traditional pattern
(minimal animal protein) showed a higher risk for stunting compared with the Protein-
rich pattern (dietary method used: semi-quantitative food frequency questionnaire; recall
period—past month) [70]. A greater adherence to a Dairy, vegetable, and fruit pattern was
found to be associated with increased HAZ and reduced risk of stunting in younger
than 5-year-olds in Ethiopia. However, no significant associations between the Egg, meat,
poultry, and legume pattern with HAZ and stunting were found (dietary method: single
24 h recall of frequency of intake of seven or nine food groups depending on age) [23]. In
6–19-year-old Nigerian children and adolescents, a Traditional dietary pattern (containing
mainly cereals/starchy food and legumes, and thus no quality animal protein) increased,
while a diversified dietary pattern (containing all food groups) reduced the odds for
thinness (dietary method: food frequency questionnaire; recall period—past month) [70].
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In the present study, at least one of the five dietary patterns identified for each of the three
age groups included a quality animal protein. Egg loaded positively on pattern 4, and fish
on pattern 5 in 1–<3-year-olds; poultry on pattern 3, and dairy and cheese on pattern 4
in 3–<6-year-olds; and dairy on pattern 1, and red meat on pattern 2 in 6–<10-year-olds.
Based on findings by others, the expectation was that one or more of these patterns would
protect against stunting. However, we did not find any associations between stunting and
any of the dietary patterns in the three age groups.

Associations between energy-dense dietary patterns and overweight/obesity have
also been reported, albeit mostly in adolescents. Keding et al. [52] stated that an average
of 10% of urban children in Kenya and Tanzania were overweight or obese. According to
these researchers, this is mainly due to a Purchase dietary pattern, which is dominated by
bought and processed foods. In the Nigerian study mentioned above, the Traditional dietary
pattern did not only promote thinness, but also increased the odds of being overweight or
obese, reflecting a double burden of malnutrition linked to this dietary pattern [71]. As for
stunting, no associations between any of the dietary patterns and overweight/obesity were
found in the current study.

Finally, in the present study, the BMI of the mothers showed interesting associations
with the dietary patterns of their children. In the 1–<3-year-olds, an obese mother predicted
greater adherence to the Healthy pattern (unsaturated fats/oils, vegetables, and fish) and
lesser adherence to the White bread and topping pattern (processed meat and salty spreads),
and in the 3–<6-year-olds greater adherence to the mostly healthy Breakfast item pattern.
In the 6–<10-year-olds, an obese mother predicted increased adherence to the strongest
pattern, which was Mostly unhealthy pattern 1. Various elements of the energy-dense, low-
nutrient Western dietary pattern have been linked to obesity in adults [72–74]. From their
systematic review of risk factors for overweight and obesity within the home environment
of preschool children in sub-Saharan Africa, Kwansa et al. concluded that the home food
environment, through the types of foods offered, and greater maternal BMI, were key
aspects contributing to overweight and obesity among pre-schoolers [74]. Our results may
indicate that these effects were not yet in play in the 1–<6-year-olds in the Western Cape
but affected the dietary patterns of the 6–<10-year-olds.

Limitations

Although the dietary data in the present study were collected using an adjusted 24 h
recall to remove intra-individual variability, the recall period does not necessarily reflect
the dietary patterns of children in early life. This may explain the lack of association
between dietary patterns and anthropometric outcomes in the present study. We suggest
that an investigation of the dietary intake of a cohort of children from one to 18 years
of age may provide better insights into long-term dietary patterns and associations with
anthropometric indicators and other health outcomes. However, the feasibility of this type
of study design in an LMIC is questionable due to limited funding and resources, as well
as the logistics of tracing often migrating children over such a period of time. Periodic
cross-sectional surveys add value in terms of insights into the dietary patterns of children
that can be used in intervention planning and assessment. Despite the limitation linked
to the recall period, the dietary patterns that emerged are in line with expectations when
considering the nutrition transition [14,15], most commonly consumed foods [31,36,55],
and the dietary patterns reported by Faber et al. [51] for South African children. PC analysis
for dietary pattern identification does not come without limitations, including subjective
decisions on how to interpret and name patterns, the number of components to retain, and
the threshold for factor loadings to be used in naming patterns [65]. The retained patterns
typically also explain less than 50% of the variance explained. The five patterns in each
age group in the present study explained almost a third of the variance, which compares
well with the variance explained by the two patterns per age group by Faber et al. [51]
(just more than a third). Principal factor analysis aims to maximize the fraction of variance
explained by a weight linear combination of original variables, which does not necessarily
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increase the ability to discriminate between subjects with disease (malnutrition) or not. The
present study’s data were self-reported and a cross-sectional design was used; hence, no
causal links can be implied.

5. Conclusions

Bearing in mind the limitations of this study, we conclude that the dietary patterns
in 1–<10-year-old children in the Western Cape contain strong elements of energy-dense,
nutrient-poor Western dietary patterns, as at least one such a pattern was included in the
top three strongest patterns in all three age groups that were investigated. Few of the
dietary patterns included vegetables other than starchy vegetables, or fruit, dairy, quality
proteins, and unrefined carbohydrates. Key predictors of greater adherence to the mostly
unhealthy patterns included indicators of a higher socio-economic status in all three age
groups, as well as having an obese mother in the 6–12-year-old group. As dietary habits
and patterns formed in childhood continue into adulthood [10], the findings of this research
point to an urgent need for review of the effectiveness of current policy and interventions
aimed at ensuring child food security and well-being, as well as a review of policy and
legislation aimed at supporting a healthy food environment, to identify drivers of the
nutrition transition that may need further actioning to improve the dietary patterns of
children in the country.

Key predictors of greater adherence to the mostly healthy patterns were a higher
wealth index and having an obese mother in the two younger groups, with no predictors in
the 6–<10-year-old group. There were no associations between any of the dietary patterns
and stunting or overweight/obesity in the children. We recommend that interventions
to improve the dietary intake of children should be directed at both poorer and higher
income communities.

We foresee that the methodology for extraction of dietary patterns from dietary
datasets that we established and described in detail in this study will be of value to
others in the same field of research. The dietary patterns and socio-demographic predictors
for 1–<10-year-olds we reported in this paper may inform the need for, and design of,
further research for the monitoring of dietary patterns of South African children.
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Abstract: A dietary pattern transition is a risk factor for the double burden of malnutrition (DBM),
but related information is limited. This study aimed to identify sex differences in dietary patterns
of adults in a low–middle income country and to examine their association with DBM. A total
of 8957 adults (4465 men and 4492 non-pregnant and non-lactating women) who participated in
the 2013 Philippine National Nutrition Survey were included in the analysis. Logistic regression
models were formulated to investigate the relationship between dietary patterns and DBM. The factor
analysis derived seven dietary patterns for males and six patterns for females. Results showed that
approximately 30% of Filipino adults suffered from DBM. The rice pattern was associated with lower
odds of DBM for males only. The meat and sugar pattern in males and the protein-rich foods, cereal,
and sugar pattern in females decreased DBM likelihood. An inverse relationship was observed for the
vegetables and corn patterns, wherein females had an increased risk for DBM. Our findings suggest
that rice-based and meat-containing patterns could play protective roles in DBM development among
adults in the Philippines. Understanding sex-specific dietary patterns can be utilized to guide public
health nutrition interventions in the prevention of malnutrition in all its forms.

Keywords: dietary patterns; double burden of malnutrition; adults; Philippines; low–middle
income country

1. Introduction

Dietary patterns are shifting considerably in low- and middle-income countries, as
exemplified by the displacement of staple-food-based diets with increased meat, fat, salt,
and added sugar intakes. Consequently, the transition in food patterns is a key driver for
the double burden of malnutrition (DBM), defined as the co-existence of undernutrition
with overnutrition and diet-related non-communicable diseases across the life course [1,2].
Several studies have been conducted using the dietary pattern approach in order to under-
stand the complex etiology of DBM among adults [3–9]. Evidence suggests that less diverse
diets and a traditional dietary pattern were risk factors for individual-level DBM [7–9].

The Philippines is continuously facing DBM. In particular, Filipino adults suffer from
malnutrition in all its forms [10–12]. Transformations in food consumption have also been
evident in the country [13]. What is known to date on the nexus of the dietary pattern–
double burden of malnutrition is largely on a national scale. Hence, this study aimed to
identify the distinct dietary patterns of male and female community-dwelling adults in a
low–middle income setting and to examine the relation of dietary patterns to DBM using
the Philippines as an example.
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2. Materials and Methods

2.1. Data Source and Subjects

We analyzed the data from the 8th Philippine National Nutrition Survey (PNNS), a
cross-sectional study that is accessible through http://enutrition.fnri.dost.gov.ph/site/
home.php (accessed on 3 September 2020) [14]. Briefly, the survey was carried out from
2013 to 2014 by the Department of Science and Technology–Food and Nutrition Research
Institute to determine the nutrition and health status of Filipinos. The PNNS has a stratified
multistage sampling design representative at the national, regional, and provincial levels.
The objectives, design, and procedures of PNNS have been detailed elsewhere [15,16].

The study participants were restricted to male and female adults (≥20 years old) with
complete subject identification in the six survey components (i.e., dietary, anthropometry,
biochemical, clinical, socioeconomic individual, and socioeconomic household). Pregnant
women, lactating mothers, and those with missing data on cardiometabolic risk factors
(CMRF), hemoglobin, serum retinol, and urinary iodine excretion (UIE) were excluded.
Participants with high energy intake (greater than 5 standard deviations of mean energy
intake) were also excluded [17]. No participants had low energy intake or lower than
5 standard deviations of mean energy intake. As a result, a total of 8957 adults were
included in the analysis. The flowchart of the selection process for the study samples is
illustrated in Figure 1.

Figure 1. Selection of study participants. (Cardiometabolic risk factors were defined as an individual
with any of the following factors: (1) overweight/obesity or abdominal obesity, (2) hypertension,
(3) hyperglycemia, or (4) dyslipidemia [low high-density lipoprotein (HDL) cholesterol or hyper-
triacylglycerolemia]. There were no study participants with missing values on cardiometabolic
risk factors).

2.2. Dietary Intake Assessment and Dietary Pattern Analysis

Dietary intake was assessed with 24-h food recall in the 8th PNNS. Registered nutritionist-
dietitians administered the food recalls on two non-consecutive days. Common household
measurements or food sample weighing was utilized to estimate the amount of food and
beverages consumed. Calibrated kitchen utensils, rulers, and a photo compilation of foods
were used as aids. Subsequently, the weights were converted to purchased values, and
energy intakes were computed utilizing the Philippine Food Composition Table. The food
items were then aggregated into food groups [18].
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Dietary patterns were derived separately for males and females through factor analysis
(principal axis factoring method with varimax rotation in R software) based on the mean
intake of 18 food groups (Supplementary Table S1). To avoid too many zero values in the
data and irrelevant results, only the food groups that were consumed by more than 10% of
the study population were included in the analysis [19–22]. The number of factors retained
was determined considering the scree plot results, components with eigenvalue >1.0, and
factor interpretability (Supplementary Figure S1). A factor loading of ≥0.25 was the
cut-off value for identifying food groups that strongly contribute to a particular dietary
pattern [22–24]. The naming of dietary patterns was decided according to published studies
and data interpretation. Additionally, when a food group was loaded in more than one
dietary pattern, the group with the higher or positive coefficient was accounted for in the
labeling [25]. Factor scores were then calculated and divided into tertile intervals. The
bottom tertile (T1) corresponds to low adherence in a dietary pattern, the middle tertile
(T2) corresponds to medium adherence, and the upper tertile (T3) corresponds to high
adherence. The Kaiser-Meyer-Olkin measure of sampling adequacy and Bartlett’s test of
sphericity were done before factor analysis to evaluate data suitability.

2.3. Undernutrition, Cardiometabolic Risk Factors, and Double Burden of Malnutrition

A study participant was considered to be experiencing undernutrition if at least one of
the following conditions was present: (1) underweight, (2) anemia, (3) vitamin A deficiency,
or (4) iodine insufficiency. An underweight categorization was assessed utilizing body
mass index (BMI) and calculated as the weight in kilograms divided by the height in
meters squared. The weight and height of the participants were obtained by employing
mechanical platform beam balance scales (Detecto™) and microtoise (Seca™), respectively.
Furthermore, the BMI classification applied was done according to the World Health
Organization (WHO) [26]. Biochemical indicators for three micronutrient deficiencies, i.e.,
anemia, vitamin A deficiency, and iodine insufficiency, were collected during the survey.
Anemia was examined from hemoglobin utilizing a spectrophotometer [27]. Hemoglobin
values <13 g/dL for males and <12 g/dL for females indicated anemia [28]. On the
other hand, vitamin A deficiency was tested from serum retinol by High-Performance
Liquid Chromatography [29] and distinguished as serum retinol <10 μg/dL [30]. Iodine
insufficiency was determined from UIE levels through the acid digestion/colorimetric
method [31]. The cut-off used was UIE <50 μg/dL [32].

The criteria used for having a CMRF were adopted from Zeba and colleagues [9]. It
was defined as having any of the following factors: (1) overweight/obesity or abdomi-
nal obesity, (2) hypertension, (3) hyperglycemia, or (4) dyslipidemia [low high-density
lipoprotein (HDL) cholesterol or hypertriacylglycerolemia]. Overweight/obesity and ab-
dominal obesity were categorized based on the WHO guidelines [26,33]. Overweight and
obesity were evaluated by computing the BMI. For waist circumference, calibrated tape
measures were utilized [18]. Hypertension was denoted by a blood pressure measurement
of ≥140/≥90 mmHg [34]. Blood pressure readings were performed with a calibrated non-
mercurial sphygmomanometer (A&D Um-101™) and stethoscope [18]. Hyperglycemia
was characterized as a fasting blood glucose ≥110 mg/dL [35], and dyslipidemia was char-
acterized as having an HDL cholesterol <40 mg/dL for males or <50 mg/dL for females, or
triglyceride ≥150 mg/dL [36,37]. Plasma blood glucose was analyzed for hyperglycemia,
while serum blood lipids were assessed for dyslipidemia via the enzymatic colorimetric
method [18]. We described the total double burden of malnutrition (total DBM) at the
individual level as the concomitance of various forms of undernutrition (underweight,
anemia, and vitamin A deficiency or iodine insufficiency) and at least one CMRF [12].

2.4. Other Co-Variates

The other co-variates in this study were the sociodemographic and lifestyle characteris-
tics obtained through one-on-one interviews. Sociodemographic information encompasses
sex (male or female), age (20–39, 40–59, and ≥60 years), educational attainment (elementary
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and lower, high school, college and higher), marital status (single, married or with partner,
and others or widowed/separated/annulled/divorced), employment status (employed or
unemployed), and wealth quintile (poorest, poor, middle, rich, richest). Household size
was created from the socioeconomic datasets and categorized as 1–3, 4–6, and ≥7. The
lifestyle factors of smoking (current smoker or not), alcohol consumption (current drinker
or not), and physical activity (low or high) were likewise controlled in the analysis and
classified utilizing WHO standards [38,39].

2.5. Statistical Analysis

All data analyses were conducted in R software version 4.0.3 (R Foundation for Statistical
Computing, Vienna, Austria). The percentages of sociodemographic characteristics, lifestyle
factors, and total DBM were generated according to sex and compared using the Chi-square
test. A binary logistic regression analysis was employed to evaluate the relationship between
the tertiles of dietary pattern scores and total DBM for males and females separately, since
there was significant interaction with sex and some outcome variables. The formulated models
were adjusted for all co-variates and the energy intake. The reference group for each dietary
pattern was the bottom tertile (T1). Multicollinearity was assessed in all models. The multi-
level sampling design of the survey was considered in the regression analysis, i.e., sampling
weights were employed to generate results representative of the adult population in the
Philippines. The significance level was set at p < 0.05.

3. Results

3.1. Participants’ Characteristics

A total of 8957 adults were included in this study with a balance between male and
female participants (Table 1). The study sample mostly belonged to the 20–39 years old
age group (46.5%), finished high school education (37.9%), were married (66.6%), and were
employed (59.5%). There were slightly more females in the older age group (16.6%) and more
females who attained college education or higher (32.4%) relative to males. Alternatively, more
males were single or unmarried (26.4%) and employed (76.3%). The median household size
was four and no sex differences were noted. There were more males in the poorest and poor
quintiles than females. In terms of lifestyle factors, 26.9% were current smokers, 51.3% were
current alcohol drinkers, and 44.2% had low physical activity. A noticeably greater percentage
of males were smokers and alcohol drinkers, whereas more females had low physical activity.

Table 1. Characteristics of the participants according to sex.

Variables 1
Total Male Female p-Value

(n = 8957) (n = 4465) (n = 4492)

Age group <0.001
20–39 years 46.5 48.8 44.2
40–59 years 38.3 37.3 39.3
≥60 years 15.2 13.8 16.6

Educational attainment 0.005
≤Elementary 31.9 33.9 29.9
High school 37.9 38.2 37.6
≥College 30.2 27.8 32.4

Marital status <0.001
Single 23.4 26.4 20.4

Married 66.6 67.9 65.2
Others 10.1 5.7 14.4

Employment status <0.001
Employed 59.5 76.3 43.0

Unemployed 40.5 23.7 57.0

Household size 0.840
1–3 33.3 33.3 33.3
4–6 45.1 44.9 45.3
≥7 21.6 21.8 21.4
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Table 1. Cont.

Variables 1
Total Male Female p-Value

(n = 8957) (n = 4465) (n = 4492)

Wealth quintile <0.001
Poorest 17.6 19.4 15.8

Poor 19.3 20.0 18.6
Middle 20.6 20.7 20.4

Rich 20.6 19.9 21.2
Richest 22.0 20.0 24.0

Current smoker <0.001
Yes 26.9 46.0 8.1
No 73.1 54.0 91.9

Current alcohol drinker <0.001
Yes 51.3 72.4 30.6
No 48.7 27.6 69.4

Physical activity <0.001
Low 44.2 36.5 51.7
High 55.8 63.5 48.3

Values are weighted percentages (%). 1 Variables with missing observations: educational attainment (n = 44),
smoking and drinking status (n = 521), physical activity classification (n = 614).

About 36% of the participants were suffering from undernutrition and 84.5% had
CMRF with a significant sex difference (Table 2). Iodine insufficiency (23.8%) and low HDL
cholesterol (70.1%) had the highest prevalence among the indicators of undernutrition and
CMRF, respectively. Correspondingly, the individual-level DBM affected approximately
one-third of the adult population (29.5%).

Table 2. Distributions of undernutrition, cardiometabolic risk factors, and double burden of malnutrition.

Variables
Total Male Female p-Value

(n = 8957) (n = 4465) (n = 4492)

Undernutrition
Underweight 11.2 10.4 12.0 <0.001

Anemia 6.5 5.4 7.5 0.014
Vitamin A deficiency 0.1 0.0 0.1 0.430
Iodine insufficiency 23.8 21.0 26.5 0.001

Cardiometabolic risk factors
Overweight/Obesity 29.4 25.9 32.9 0.001
Abdominal obesity 13.4 3.4 23.2 <0.001

Hypertension 22.5 24.3 20.6 0.008
Hyperglycemia 10.2 11.1 9.3 0.047

Low HDL cholesterol 70.1 61.4 78.8 <0.001
Hypertriacylglycerolemia 39.5 46.5 32.6 <0.001

≥1 Undernutrition 1 35.5 32.1 38.9 0.001

≥1 Cardiometabolic risk factor 2,3 84.5 81.9 87.1 0.002

Total DBM 4 29.5 25.6 33.3 <0.001

Values are weighted percentages (%). 1 Having any of the following conditions: (1) underweight, (2) anemia,
(3) vitamin A deficiency, (4) iodine insufficiency. 2 Having any of the following factors: (1) overweight/obesity or
abdominal obesity, (2) hypertension, (3) hyperglycemia, (4) dyslipidemia (low HDL cholesterol or hypertriacylglyc-
erolemia). 3 Cardiometabolic risk factor with missing observations: both body mass index and abdominal obesity
(n = 220), hypertension (n = 36), hyperglycemia (n = 352), both low high-density lipoprotein (HDL) cholesterol
and hypertriacylglycerolemia (n = 110). 4 Total DBM, total double burden of malnutrition or the co-existence of
underweight or anemia or vitamin A deficiency or iodine insufficiency and at least one cardiometabolic risk factor.

3.2. Dietary Patterns

Tables 3 and 4 present the dietary patterns that were extracted through factor analysis
for males and females. Seven dietary patterns explaining 25.5% of the total variance in the
consumption of food groups were derived for males. For females, 6 dietary patterns were
generated, representing 20.5% of the variance in food intake. The three dietary patterns
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composed of: (1) the rice pattern (with high positive loading in the rice and rice products
food group), (2) the fruits and miscellaneous food pattern (consisting of fruits and other
miscellaneous food groups), and (3) the fish pattern (the fish and fish products food group
had high factor loading), which were common for both males and females. The results of
the factor analysis also demonstrated a number of sex differences. For example, the meat
and sugar pattern; the vegetables pattern; the cereal, egg, and oils pattern; and the beverage
pattern emerged among males but not females. On the contrary, the dietary patterns labeled
as protein-rich food, cereal and sugar, vegetables and corn, and fats and oils were seen only
among females.

Table 3. Factor loadings for the seven dietary patterns identified among males.

Food Groups
Dietary Patterns 1

Rice Meat and Sugar Fruits and Miscellaneous Food Fish Vegetables Cereal, Egg, and Oils Beverage

Rice and rice products 0.964 0.071 0.007 0.077 0.076 −0.002 −0.038
Corn and corn products −0.411 −0.022 −0.029 0.043 0.236 −0.118 −0.007

Other cereal products −0.026 0.252 0.032 −0.056 −0.066 0.381 −0.031
Starchy roots and tubers −0.067 0.017 0.015 0.008 0.120 −0.008 −0.008

Sugar and syrups 0.027 0.460 0.005 −0.018 −0.025 0.172 −0.007
Dried beans, nuts, and seeds 0.034 0.016 −0.014 −0.074 0.021 0.065 0.021

Green leafy and yellow vegetables −0.035 −0.091 0.024 −0.012 0.547 −0.079 −0.012
Other vegetables 0.099 −0.079 0.024 −0.134 0.282 0.074 −0.001

Fruits 0.005 0.028 0.548 0.043 0.061 0.052 −0.015
Fish and fish products 0.113 −0.001 0.001 0.860 −0.072 −0.012 0.012

Meat and meat products 0.057 0.351 0.009 −0.159 −0.101 0.117 0.262
Poultry 0.058 0.174 −0.011 −0.115 −0.036 0.141 0.079

Eggs 0.092 0.002 −0.002 −0.079 −0.065 0.307 0.016
Milk and milk products −0.026 0.083 0.097 −0.023 0.021 0.228 0.037

Fats and oils 0.019 0.041 0.013 0.050 0.022 0.377 0.018
Beverages −0.025 0.103 −0.009 0.008 −0.008 0.041 0.531

Condiments and spices −0.012 0.178 0.026 0.111 −0.016 −0.004 0.063
Other miscellaneous 0.016 0.005 0.639 −0.013 0.012 0.051 0.005

Proportion variance, % 6.4 2.8 4.0 4.6 2.7 3.0 2.0
Cumulative variance, % 6.4 9.2 13.2 17.8 20.5 23.5 25.5

Bold values represent food groups kept in their related dietary pattern. 1 Dietary patterns are labeled based on the
factor loadings with the value of 0.25 or greater.

Table 4. Factor loadings for the six dietary patterns identified among females.

Food Groups
Dietary Patterns 1

Rice Protein-Rich Foods,
Cereal, and Sugar

Fruits and
Miscellaneous Food

Fish Vegetables and Corn Fats and Oils

Rice and rice products 0.889 −0.308 0.019 0.131 0.029 0.114
Corn and corn products −0.299 −0.067 −0.043 0.028 0.327 −0.055

Other cereal products −0.040 0.456 −0.028 −0.001 −0.078 0.122
Starchy roots and tubers −0.031 0.028 0.065 0.002 0.149 −0.012

Sugar and syrups 0.057 0.374 0.056 −0.007 0.040 0.125
Dried beans, nuts, and seeds 0.032 0.037 −0.042 −0.057 0.070 0.205

Green leafy and yellow vegetables 0.018 −0.150 −0.010 0.010 0.405 −0.032
Other vegetables 0.074 −0.030 0.053 −0.118 0.331 0.112

Fruits 0.000 0.112 0.536 0.012 0.080 −0.011
Fish and fish products 0.097 −0.093 0.028 0.669 −0.091 −0.070

Meat and meat products 0.051 0.385 0.011 −0.156 −0.057 0.110
Poultry 0.047 0.303 0.081 −0.050 −0.042 0.069

Eggs 0.045 0.046 0.058 −0.055 −0.041 0.189
Milk and milk products −0.040 0.345 0.107 0.036 0.007 0.063

Fats and oils −0.018 0.135 0.035 0.090 −0.024 0.362
Beverages −0.028 0.206 0.033 −0.074 −0.031 0.022

Condiments and spices −0.010 0.344 −0.045 0.100 −0.017 −0.087
Other miscellaneous 0.030 0.036 0.457 0.002 0.051 0.057

Proportion variance, % 5.1 5.2 3.0 3.0 2.5 1.7
Cumulative variance, % 5.1 10.3 13.3 16.3 18.8 20.5

Bold values represent food groups kept in their related dietary pattern. 1 Dietary patterns are labeled based on the
factor loadings with the value of 0.25 or greater.

3.3. Association of Dietary Patterns and Double Burden of Malnutrition

The relationship between total DBM and tertiles of dietary pattern scores was examined
using a logistic regression analysis. The rice pattern and the meat and sugar pattern were
associated with DBM in males (Table 5). Those in the middle tertile (T2) of the rice pattern were
less likely to have DBM—after adjusting for sociodemographic characteristics, lifestyle factors,
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and energy intake, unlike males in the bottom tertile (T1). Similarly, male adults with medium
and high adherence (T2 and T3) to the meat and sugar pattern had a lower risk for total DBM.
The remaining dietary patterns showed no significant associations with DBM among males.

Table 5. Logistic regression models for double burden of malnutrition across tertiles of dietary pattern
scores among males 1.

Dietary Patterns

Total DBM 2

(n = 1250)

OR (95% CI)

Rice pattern (ref. = tertile 1)
Tertile 2 0.82 (0.68, 0.99)
Tertile 3 1.06 (0.80, 1.41)

Meat and sugar pattern (ref. = tertile 1)
Tertile 2 0.78 (0.64, 0.96)
Tertile 3 0.75 (0.58, 0.97)

Fruits and miscellaneous food pattern (ref. = tertile 1)
Tertile 2 0.99 (0.82, 1.19)
Tertile 3 0.96 (0.79, 1.16)

Fish pattern (ref. = tertile 1)
Tertile 2 1.02 (0.86, 1.22)
Tertile 3 1.00 (0.82, 1.23)

Vegetables pattern (ref. = tertile 1)
Tertile 2 0.97 (0.80, 1.18)
Tertile 3 1.12 (0.91, 1.38)

Cereal, egg, and oils pattern (ref. = tertile 1)
Tertile 2 0.89 (0.73, 1.09)
Tertile 3 0.93 (0.75, 1.16)

Beverage pattern (ref. = tertile 1)
Tertile 2 1.05 (0.87, 1.25)
Tertile 3 0.93 (0.75, 1.14)

1 Values in bold are significantly different at a level of p < 0.05. Models were adjusted for sociodemographic
characteristics, lifestyle factors, and energy intake. 2 Total DBM, total double burden of malnutrition or the co-
existence of underweight or anemia or vitamin A deficiency or iodine insufficiency and at least one cardiometabolic
risk factor.

Regarding females, two dietary patterns were found to be associated with DBM (Table 6).
Those in the upper tertile (T3) of the protein-rich foods, cereal, and sugar patterns had a lower
likelihood of having DBM in the regression models that controlled for the co-variates. An in-
verse relationship was noted in the vegetables and corn pattern. Female adults with medium
and high adherence (T2 and T3) to the latter pattern had higher odds of developing DBM.

Table 6. Logistic regression models for double burden of malnutrition across tertiles of dietary pattern
scores among females 1.

Dietary Patterns

Total DBM 2

(n = 1654)

OR (95% CI)

Rice pattern (ref. = tertile 1)
Tertile 2 1.16 (0.97, 1.39)
Tertile 3 1.02 (0.80, 1.30)

Protein-rich foods, cereal, and sugar pattern (ref. = tertile 1)
Tertile 2 0.94 (0.77, 1.15)
Tertile 3 0.78 (0.61, 0.99)

Fruits and miscellaneous food pattern (ref. = tertile 1)
Tertile 2 0.99 (0.82, 1.19)
Tertile 3 0.99 (0.82, 1.18)

Fish pattern (ref. = tertile 1)
Tertile 2 0.95 (0.79, 1.13)
Tertile 3 0.86 (0.71, 1.04)

Vegetables and corn pattern (ref. = tertile 1)
Tertile 2 1.28 (1.07, 1.53)
Tertile 3 1.36 (1.12, 1.64)

Fats and oils pattern (ref. = tertile 1)
Tertile 2 0.84 (0.69, 1.02)
Tertile 3 0.83 (0.66, 1.03)

1 Values in bold are significantly different at a level of p < 0.05. Models were adjusted for sociodemographic
characteristics, lifestyle factors, and energy intake. 2 Total DBM, total double burden of malnutrition or the co-
existence of underweight or anemia or vitamin A deficiency or iodine insufficiency and at least one cardiometabolic
risk factor.

168



Nutrients 2022, 14, 3495

4. Discussion

In this study, seven dietary patterns emerged through factor analysis for males and six
for females. The rice and fish patterns were also ascertained in previous research [40–43].
In the same manner, the fruits and miscellaneous food pattern, the vegetables pattern, and
the vegetables and corn pattern were consistent with past literature [44,45]. The key food
groups in the meat and sugar pattern and cereal, egg, and oils pattern of males and the
protein-rich foods, cereal, and sugar pattern of females resembled the dietary patterns
pertained as unhealthy [46–48], Western [49], and high fat and sugar [50]. The beverage
pattern and the fats and oils pattern were described in earlier studies as well [51–54].

Individual-level DBM affected about three in every ten adults (29.5%) and was higher
than the estimates of Zeba and colleagues [9]. Data analysis revealed that dietary patterns
had mixed effects on total DBM. Filipino male adults consuming a diet high in rice had
a decreased susceptibility for total DBM. The meat and sugar pattern identified among
males and the protein-rich foods, cereal, and sugar pattern derived among females were
associated with a decreased risk for DBM. Interestingly, the vegetables and corn dietary
patterns increased the risk for DBM in females.

Studies on the relationship between rice intake and DBM are scarce and frequently
draw on metabolic syndromes or its components as outcomes. In a recent meta-analysis,
rice intake was positively correlated with metabolic syndrome [55]. A pooled analysis of
three US cohorts observed no associations between white and brown rice consumption
and cardiovascular health [56]. Eshak and colleagues [57] likewise explored the relation
between white rice and major cardiovascular diseases among men and reported an in-
verse correlation. The latter study was coherent with our findings. Probable reasons for
lower cardiometabolic risk are the varying rice starch compositions [58], processing and
cooking methods [58], and complementary dishes eaten with rice [59]. For micronutrient
deficiencies, the Philippines has been implementing the fortification of rice with iron since
2000 [60]. Production of healthier rice varieties, such as high-iron and high-zinc types,
are also being carried out as part of the biofortification efforts [61]. These recommended
public health strategies have been implemented to address micronutrient malnutrition
in the country [62]. However, it is important to note that high consumption of rice and
rice products alone is not recommended without ensuring diet diversity, and that total
carbohydrate intake is within the acceptable macronutrient distribution range.

Male adults adhering to the meat and sugar pattern and female adults favoring the
protein-rich foods, cereal, and sugar pattern had a lower likelihood of having DBM. This
can be supported on a number of accounts. First, these dietary patterns are comprised
of animal proteins, mainly from meat, poultry, milk, and dairy products that have been
found to be negatively associated with blood pressure, insulin resistance, and obesity in
previous literature [63,64]. Second, animal-based protein foods, specifically meat, are high
in heme-iron, zinc, and vitamin B12 [65]. Third, high amounts of sugar and syrups are
present in these dietary patterns. Available evidence has illustrated that dietary sugars do
not cause obesity and diet-related disease, but rather sugar consumption in excess of energy
requirements [66]. Khan and colleagues further substantiated that the kind of sugar, sucrose
in particular, was associated with a reduction in cardiovascular disease mortality [67].

It is widely known that vegetable-containing dietary patterns are favorable for less-
ening the risk of non-communicable diseases due to the dietary fiber, antioxidants, and
phytochemicals it contains. These bioactive compounds regulate insulin secretion, lipid
profile fluctuations, oxidative stress, and inflammatory and immune status [68–75]. More-
over, some vegetables are rich sources of essential vitamins and minerals, though less
bioavailable than animal sources [76]. The positive association between the vegetables and
corn pattern and DBM can be substantiated by the low vegetable consumption among
Filipino adults, i.e., daily per capita vegetable intake (68.5–68.9 g/day) [77,78], which may
have counteracted the hypothesized benefits. Collectively, a balanced dietary pattern with
the appropriate combination of food groups should be put forward together with the
current nutritional guidelines.

169



Nutrients 2022, 14, 3495

Our findings also had limitations. Firstly, causality and lifetime dietary intake cannot
be drawn, given the nature of the study. Secondly, reporting bias and measurement errors
are inherent in assessing dietary intakes. Thirdly, factor analysis involves several subjective
decisions to be made. Fourthly, the dietary patterns explained the low variability in total
food intake (25.5% for males and 20.5% for females). Fifthly, the nutrient intakes of the male
and female adults by tertile of the dietary pattern scores were not calculated. Finally, there
were unmeasured confounders, thus warranting careful interpretation of the results when
generalizing to the general population of adults. Despite these limitations, our study is one
of the few nationally-representative epidemiological investigations focusing on the impact
of dietary patterns on malnutrition in all its forms among community-dwelling adults.

5. Conclusions

In conclusion, this population-based study identified sex-specific dietary patterns that
were significantly associated with DBM development among adults in the Philippines.
Our findings suggest that rice-based and meat-containing food patterns may potentially
exert protection against the risk of developing nutritional deficiencies and cardiometabolic
diseases among Filipino adults simultaneously. These unique dietary patterns can be
utilized to guide public health nutrition interventions directed toward DBM prevention.
Further research is necessary to validate our findings.
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Abstract: To examine the association of body mass index (BMI) and a plant-based diet (PBD) with
cognitive impairment in older adults, this cohort study used data from the Chinese Longitudinal
Healthy Longevity Survey (CLHLS), a national, community-based, longitudinal, prospective study in
China. Cognitive function was evaluated via the Mini-Mental State Examination (MMSE). Diet was
assessed using a simplified food frequency questionnaire (FFQ), and PBD patterns were estimated
using the overall plant-based diet index (PDI), the healthful plant-based diet index (hPDI), and
the unhealthful plant-based diet index (uPDI). BMI was measured objectively during the physical
examination. Cox proportional hazard models and restricted cubic spline analyses were used. A total
of 4792 participants with normal cognition at baseline were included, and 1077 participants were
identified as having developed cognitive impairment during the 24,156 person-years of follow-up.
A reverse J-shaped association was observed between BMI and cognitive impairment (p = 0.005 for
nonlinearity). Participants who were overweight (HR = 0.79; 95% CI 0.66–0.95) and obese (HR = 0.72;
95% CI 0.54–0.96) had a decreased risk of cognitive impairment, while those who were underweight
(HR = 1.42; 95% CI 1.21–1.66) had an increased risk. Lower PDI, lower hPDI, and higher uPDI were
associated with an increased risk of cognitive impairment (HR = 1.32; 95% CI 1.16–1.50 for PDI;
HR = 1.46; 95% CI 1.29–1.66 for hPDI; HR = 1.21; 95% CI 1.06–1.38 for uPDI). The protective effect
of being overweight on cognitive impairment was more pronounced among participants with a
higher PDI (HR = 0.74; 95% CI 0.57–0.95) than those with a lower PDI (HR = 0.87; 95% CI 0.67–1.12),
among participants with a higher hPDI (HR = 0.73; 95% CI 0.57–0.94) than those with a lower
hPDI (HR = 0.93; 95% CI 0.72–1.10), and among participants with a lower uPDI (HR = 0.61; 95%
CI 0.46–0.80) than those with a higher uPDI (HR = 1.01; 95% CI 0.80–1.27). Our results support
the positive associations of overweight status, obesity, an overall PBD, and a healthful PBD with
cognitive function in older adults. A lower adherence to an overall PBD, a healthful PBD, and a
higher adherence to an unhealthful PBD may attenuate the protective effect of being overweight on
cognitive function.

Keywords: cognitive impairment; body mass index; plant-based dietary pattern; older Chinese
adults; cohort
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1. Introduction

With the global population ageing, the number of older adults with dementia is set to
rise substantially across the world. Nearly 46 million individuals were affected by dementia
worldwide in 2015, and that number is predicted to reach 152 million in 2050 [1]. Dementia
is a common and serious neurodegenerative disorder of older adults which impairs quality
of later life and imposes a heavy burden on the affected individuals, their families, and the
economy [2]. As there are currently no effective treatments for dementia, prevention is of
major importance in fighting this disease [3]. Cognitive impairment is a prodromal phase
of dementia that provides an opportunity to take steps to prevent dementia [4]. Therefore,
the recognition of possibly modifiable risk factors for cognitive impairment is of great
importance for dementia prevention.

Increasing attention has been paid to associations between weight status, measured
by body mass index (BMI), and cognitive function in older populations. Although the
mechanism has not been completely explained, it has been widely proposed that unfa-
vorable weight status may affect metabolic functions, promote inflammation, and disrupt
the balance of gut microbiota, which could increase the risk of poor cognitive function [5].
However, previous epidemiological studies have shown conflicting results between BMI
and cognitive function, with some research suggesting that higher BMI contributes to poor
cognitive function [6–12], and other studies observing an apparent beneficial effect of higher
BMI on cognitive function [13–21]. Also, few large, prospective cohort studies have been
conducted in the older Chinese population. Our previous results suggested that a larger
BMI and a BMI-defined overweight status were related to slower cognitive decline [13]. A
cohort study reported that BMI-defined overweight status was associated with a lower risk
of cognitive impairment [22], and another recent cohort study suggested that a BMI-defined
underweight status was related to a higher risk of cognitive impairment [23].

Plant-based foods are a rich source of antioxidants and anti-inflammatory nutrients that
could reduce inflammation and oxidative stress in the central nervous system [24–26]. Several
studies have linked plant-based diets (PBDs), which are characterized by a higher con-
sumption of plant-based foods and a lower or no intake of animal-based foods, with better
neurological health [26,27]. However, previous studies on PBDs are somewhat limited
because due to the lack of differentiation between the quality of plant-based foods. Recent
research further defined three plant-based diet indices (PDIs), including the overall plant-
based diet index (PDI), the healthful plant-based diet index (hPDI), and the unhealthful
plant-based diet index (uPDI), so as to consider the dietary quality of a PBD. For instance,
the PDI assesses alignment with diets higher in plant-based foods and lower in animal-
based foods, the hPDI emphasizes a high consumption of healthful plant-based foods and
a low consumption of unhealthful plant-based foods, and the uPDI is the opposite of the
hPDI in that it emphasizes a high consumption of unhealthful plant-based foods within the
context of an overall PBD [28–30]. Previous research has shown that healthful plant-based
foods (e.g., fresh vegetables and fresh fruits) were related to better neurological health,
while unhealthful plant-based foods (e.g., preserved vegetables and added sugars) were
related to poor neurological health [27,31]. To date, relatively little research has investigated
the relationship between plant-based dietary patterns (overall PBD, healthful PBD, and
unhealthful PBD) and cognitive function [32,33].

Currently, the evidence for a potential moderating role of a PBD in the relationship
between BMI and cognitive function is scarce. To fill this knowledge gap, we utilized a
nationally representative sample of older Chinese adults to prospectively evaluate the
association of BMI with cognitive impairment, explore the associations of three plant-based
dietary patterns with cognitive impairment, and examine the potential moderating role of
a PBD in the association between BMI and cognitive impairment.
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2. Methods

2.1. Study Population

As detailed elsewhere [34,35], the Chinese Longitudinal Healthy Longevity Survey
(CLHLS) is an ongoing, prospective cohort study among Chinese adults aged 65 years
and older that was established in 1998 using multistage cluster sampling, and recruiting
participants from 23 out of the 31 provinces in China, thus covering about 85% of the total
population in China. Follow-up surveys were conducted every 3 or 4 years. All participants
signed written informed consent for the baseline and follow-up surveys. The CLHLS study
was approved by the Biomedical Ethics Committee of Peking University, Beijing, China
(IRB00001052–13074).

Since the height and weight information were first objectively measured in the sixth
wave (2011), our research considered the sixth wave (2011) as the baseline. The seventh
wave (2014) and the eighth wave (2018) were considered as the follow-up. Figure 1
shows the detailed flowchart of participant selection for the current study. A total of
9765 participants attended the 2011 cycle survey of the CLHLS. Of these, 360 were excluded
for the following reasons: they had missing height or weight measurements (n = 247),
they did not complete the cognitive measurements (n = 54), they did not complete the
dietary assessments (n = 2), or they were younger than age 65 at baseline (n = 57). An
additional 2245 participants were excluded due to cognitive impairment at baseline, and
an additional 360 participants had a confirmed diagnosis of dementia and/or Alzheimer’s
disease at baseline. In addition, 2008 participants without at least one follow-up assessment
of cognition were excluded. The remaining 4792 individuals were included in the analyses.

Figure 1. Flow chart of participants.

2.2. Measurement and Calculation of Body Mass Index

Body weight (in kilograms) and height (in centimeters) were measured by trained asses-
sors following standardized procedures. BMI, defined as the weight (kg) in kilograms divided
by the height (m) squared, was categorized as: underweight (BMI < 18.5 kg/m2), normal
(18.5 ≤ BMI < 24 kg/m2), overweight (24 ≤ BMI < 28 kg/m2) and obese (BMI ≥ 28 kg/m2) [21].

2.3. Assessment of Cognitive Function

The CLHLS used the Chinese version of the Mini-Mental State Examination (MMSE) to eval-
uate cognitive function. The MMSE contains a total of 30 items that assess orientation, registration,
attention and calculation, recall, and language, with a score range from zero to 30 [36,37]. Use of the
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MMSE in the CLHLS is well-documented as both reliable and valid [22,35,38–41]. Since MMSE
scores might be influenced by education level [40], participants were defined as cognitively
impaired following education-based MMSE cutoff points. Specifically, we used the MMSE
scores of 18, 20, and 24 as the cut-off points for subjects with no formal education, only a
primary school education (1–6 years), and a middle-school or higher education (>6 years),
respectively [32,40].

2.4. Measurement and Calculation of Plant-Based Diet Indices

Each participant’s dietary information was collected using a simplified food frequency
questionnaire (FFQ). The questionnaire has been broadly used, with its reliability and
validity both well-supported [28,40,42–44]. The simplified FFQ in the CLHLS included 16
food groups which are commonly consumed in China. In the present study, we divided
the 16 food groups into 3 categories according to their potentially divergent health effects,
including healthful plant-based foods (whole grains, fresh fruits, fresh vegetables, legumes,
garlic, vegetable oils, nuts, and tea), unhealthful plant-based foods (refined grains, pre-
served vegetables, and sugar (white granulated sugar or candies)), and animal-based foods
(animal fat, eggs, fish and aquatic products, meat, and milk and dairy products) [29,45,46].
For legumes; garlic; nuts; tea; salted, preserved vegetables; sugar (white granulated sugar
or candies); eggs; fish; meat; and milk, the questionnaire had 5 options, including “almost
every day”, “≥1 time per week”, “≥1 time per month”, “occasionally”, or “rarely or never”.
For whole grains, refined grains, vegetable oil, and animal fats, the questionnaire had
two options, including “yes” and “no”. For fruits and fresh vegetables, the questionnaire
had four options, including “almost every day”, “quite often”, “occasionally”, or “rarely
or never”.

Using this dietary data, we computed the PDI, the hPDI, and the uPDI to evaluate
the overall PBD pattern, the healthful PBD pattern, and the unhealthful PBD pattern,
respectively [28,29,40]. Intake frequencies of the 16 food groups were assigned a score
between 1 and 5. For the PDI, plant-based food groups were given positive scores (1
for the least frequent consumption and 5 for the most frequent consumption), whereas
animal-based food groups were given reverse scores (5 for the least frequent consumption
and 1 for the most frequent consumption). For the hPDI, healthful plant-based foods were
given positive scores, but unhealthful plant-based foods and animal-based foods were
reverse scored. For the uPDI, healthful plant-based foods and animal-based foods were
reverse scored, but unhealthful plant-based foods were given positive scores. We summed
the 16 food-group scores for everyone to derive the PDI, hPDI, and uPDI, with a theoretical
range of 16 to 80. More detailed information on calculating the PDI, hPDI, and uPDI are
provided in Table A1. In the present study, the PDI, hPDI, and uPDI were classified into
2 halves based on the median level, including a lower half (lower PDI, lower hPDI, and
lower uPDI) and a higher half (higher PDI, higher hPDI, and higher uPDI), respectively.

2.5. Assessment of Covariates

Covariates shown by prior research that could alter the associations of the BMI and
a PBD with cognitive function were adjusted in our analyses. Potential confounders
included age (years), sex (male or female), type of residence (city, town, or country),
education (illiterate or literate), main occupation before 60, smoking status (current, former,
or never), drinking status (current, former, or never), financial status (financial dependence
or independence), regular exercise (yes or no), and health conditions. Health conditions
were evaluated by taking into consideration six diseases: hypertension, diabetes, heart
disease, stroke, cancer, and respiratory disease. Each disease was scored 1 (present) or 0
(not present).

2.6. Statistical Analysis

Descriptive statistics were used to summarize the baseline characteristics. Cox pro-
portional hazard models were conducted to evaluate the association of baseline BMI with
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cognitive impairment using categories of BMI with the normal group as the reference. We
also used Cox proportional hazard models to examine the associations of PDIs, hPDIs,
and uPDIs with cognitive impairment. The follow-up period for each individual was
computed from baseline to the date of the first occurrence of cognitive impairment, to the
date of death, lost-to-follow-up, or to the end of follow-up, whichever occurred first. The
proportional hazards assumption was verified by using a global test for zero slope of the
scaled Schoenfeld residuals over time. In addition, we performed a restricted cubic spline
with 4 knots placed at the 5th, 35th, 65th, and 95th percentiles, and we used the median
value of the baseline BMI as a reference point to test the potential non-linear association
of the baseline BMI with cognitive impairment. We performed stratified analyses by PDI,
hPDI, and uPDI score to assess whether the associations of BMI and cognitive impairment
varied with PDI, hPDI, and uPDI scores. The regression models included sex, age, resi-
dence, education, occupation, smoking status, drinking status, regular exercise, financial
independence, and health conditions.

Data were analyzed using STATA 16 (StataCorp, College Station, TX, USA) and R
software, version 3.4.2 (R Foundation, Vienna, Austria). Tests were two-sided with the
statistical significance set as p < 0.05.

3. Results

Of the 4792 participants included, 2425 (50.61%) were men, and there was a mean
age of 80.70 ± 9.58 years old at baseline. In total, 2493 (52.02%) participants were living in
rural locations, 2339 (48.81%) were illiterate, 2972 (62.02%) were never smokers, and 3133
(65.38%) participants were never drinkers. The mean baseline BMI was 22.02 ± 4.46 kg/m2,
and the percentages of participants classified as underweight, normal, overweight, and
obese were 18.53%, 55.46%, 19.39%, and 6.62%, respectively. The mean PDI, hPDI, and uPDI
were 48.71 ± 6.05, 54.09 ± 5.38, and 42.78 ± 6.65 at baseline, respectively. The distribution
of baseline covariates by baseline BMI level is shown in Table 1.

During the 24156 person-years of follow-up, 1077 participants developed cognitive
impairment. As shown in Table 2, after multivariable adjustment, as compared with the
normal weight group, the HRs of cognitive impairment were 1.42 (95% CI = 1.21–1.66,
p < 0.001) in the underweight group, 0.79 (95% CI = 0.66–0.95, p = 0.010) in the overweight
group, and 0.72 (95% CI = 0.54–0.96, p = 0.026) in the obese group. Baseline BMI was non-
linearly correlated to the risk of cognitive impairment, with a reverse J-shaped relationship
(p for non-linear trend = 0.005). (See Figure 2.)

After multivariable adjustment, a lower PDI, a lower hPDI, and a higher uPDI were
related to an increased risk of cognitive impairment. The HRs of cognitive impairment
were 1.32 (95% CI = 1.16–1.50, p < 0.001) in the lower PDI group compared with the higher
PDI group; the HRs of cognitive impairment were 1.46 (95% CI = 1.29–1.66, p < 0.001) in
the lower hPDI group as compared with the higher hPDI group, and the HRs of cognitive
impairment were 1.21 (95% CI = 1.06–1.38, p = 0.004) in the higher uPDI group as compared
with the lower uPDI group (Table 3).

We observed a significant interaction between baseline BMIs and PDIs, with the
corresponding associations of an overweight status being much more pronounced among
participants with a higher PDI than those with a lower PDI, among participants with a
higher hPDI than those with a lower hPDI, and among participants with a lower uPDI than
those with a higher hPDI (Figure 3). Specifically, the protective effect of being overweight on
cognitive impairment was attenuated with a 13% (95% CI = 0.67–1.12, p = 0.267) decreased
risk, which was not significant among those with a lower PDI, in contrast with a 26% (95%
CI = 0.57–0.95, p = 0.017) decreased risk, which was significant among those with a higher
PDI. Similarly, the protective effect of an overweight status on cognitive impairment was
attenuated with a 7% (95% CI = 0.72–1.10, p = 0.568) non-significant decrease in risk among
those with a lower hPDI, in contrast with a 27% (95% CI = 0.57–0.94, p = 0.013) significantly
decreased risk for those with a higher hPDI. In addition, the protective effect of an overweight
status on cognitive impairment was attenuated with a 1% (95% CI = 0.89–1.61, p = 0.234)
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non-significant increase in risk among those with a higher uPDI, in contrast with a 39%
(95% CI = 0.46–0.80, p < 0.001) significant decrease in risk among those with a lower uPDI
(Table 4).

Table 1. Characteristics of the study population at baseline.

Characteristics Total Underweight Normal Overweight Obese p Value

N 4792 888 2658 929 317
BMI (kg/m2) * 22.02 ± 4.46 16.98 ± 1.28 21.20 ± 1.52 25.58 ± 1.12 32.53 ± 6.94 <0.001

PDI score * 48.71 ± 6.05 47.02 ± 6.34 48.69 ± 6.02 49.90 ± 5.43 50.12 ± 5.98 <0.001
hPDI score * 54.09 ± 5.38 52.56 ± 5.49 54.06 ± 5.40 55.32 ± 4.83 55.07 ± 5.31 <0.001
uPDI score * 42.78 ± 6.65 44.43 ± 6.53 42.87 ± 6.55 41.50 ± 6.58 41.18 ± 6.95 <0.001
Age, years * 80.70 ± 9.58 84.38 ± 9.87 80.71 ± 9.49 78.11 ± 8.76 77.91 ± 8.37 <0.001
Sex, male ** 2425 (50.61) 390 (43.92) 1447 (54.44) 466 (50.16) 122 (38.49) <0.001
Residence ** <0.001

City 782 (16.32) 78 (8.78) 400 (15.05) 224 (24.11) 80 (25.24)
Town 1517 (31.66) 261 (29.39) 861 (32.39) 287 (30.89) 108 (34.07)
Rural 2493 (52.02) 549 (61.82) 1397 (52.56) 418 (44.99) 129 (40.69)

Illiterate ** 2339 (48.81) 508 (57.21) 1280 (48.16) 406 (43.70) 145 (45.74) <0.001
Financial independence ** 1157 (24.14) 114 (12.84) 595 (22.39) 324 (34.88) 124 (39.12) <0.001

With regular exercise ** 1997 (41.67) 301 (33.90) 1090 (41.01) 439 (47.26) 147 (46.37) <0.001
Smoking status ** <0.001

Never smoker 2972 (62.02) 560 (63.06) 1571 (59.10) 604 (65.02) 237 (74.76)
Former smoker 772 (16.11) 122 (13.74) 460 (17.31) 153 (16.47) 37 (11.67)
Current smoker 1048 (21.87) 206 (23.20) 627 (23.59) 172 (18.51) 43 (13.56)

Alcohol consumption ** <0.001
Never drinker 3133 (65.38) 612 (68.92) 1676 (63.05) 616 (66.31) 229 (72.24)

Former drinker 681 (14.21) 97 (10.92) 403 (15.16) 134 (14.42) 47 (14.83)
Current drinker 978 (20.41) 179 (20.16) 579 (21.78) 179 (19.27) 41 (12.93)
Occupation ** 0.156

Professional and technical
personnel 201 (4.19) 18 (2.03) 111 (4.18) 55 (5.92) 17 (5.36)

Governmental, institutional, or
managerial personnel 165 (3.44) 13 (1.46) 78 (2.93) 52 (5.60) 22 (6.94)

Commercial, service, or
industrial worker 578 (12.06) 56 (6.31) 300 (11.29) 161 (17.33) 61 (19.24)

Self-employed 81 (1.69) 12 (1.35) 42 (1.58) 22 (2.37) 5 (1.58)
Agricultural, forestry, animal
husbandry, or fishery worker 2972 (62.02) 638 (71.85) 1692 (63.66) 482 (51.88) 160 (50.47)

Houseworker 213 (4.44) 50 (5.63) 101 (3.80) 47 (5.06) 15 (4.73)
Military personnel 32 (0.67) 3 (0.34) 22 (0.83) 5 (0.54) 2 (0.63)

Never worked 16 (0.33) 2 (0.23) 9 (0.34) 3 (0.32) 2 (0.63)
Others 534 (11.14) 96 (10.81) 303 (11.40) 102 (10.98) 33 (10.41)

Disease score *** 1 (1) 1 (1) 1 (1) 1 (1) 1 (1) <0.001
Hypertension ** 1480 (30.88) 177 (19.93) 749 (28.18) 394 (42.41) 160 (50.47) <0.001

Diabetes ** 230 (4.80) 16 (1.80) 95 (3.57) 83 (8.93) 36 (11.36) <0.001
Heart diseases ** 332 (6.93) 42 (4.73) 174 (6.55) 90 (9.69) 26 (8.20) <0.001

Stroke ** 342 (7.14) 44 (4.95) 44 (1.66) 109 (11.73) 189 (59.62) 0.001
Cancer ** 27 (0.56) 4 (0.45) 13 (0.49) 10 (1.08) 0 (0.00) 0.093

Respiratory disease ** 534 (11.14) 124 (13.96) 281 (10.57) 90 (9.69) 39 (12.30) 0.008

Abbreviations: BMI: body mass index; PDI: plant-based diet index; hPDI: healthful plant-based diet index; uPDI:
unhealthful plant-based diet index. *: mean (standard deviation) was reported; **: Number (%) was reported;
***: median (interquartile range) was reported.

179



Nutrients 2022, 14, 3132

Table 2. Association of baseline BMI with incidence of cognitive impairment risk.

Events Participants Person-Years HR (95% CI) a p Value

Underweight 263 888 4072 1.42 (1.21–1.66) <0.001
Normal 579 2658 13,498 1.00

Overweight 172 929 4891 0.79 (0.66–0.95) 0.010
Obese 63 317 1695 0.72 (0.54–0.96) 0.026

HR: hazard ratio; CI: confidence interval. a: Adjusted for sex, age, residence, education, occupation, smoking
status, alcohol consumption, regular exercise, financial independence, and health conditions.

Figure 2. Cubic splines for the associations of baseline BMI with cognitive impairment, stratified by
plant-based diet indices. (A): all participants; (B): lower plant-based diet index (PDI); (C): higher
plant-based diet index (PDI); (D): lower healthful plant-based diet index (hPDI); (E): higher healthful
plant-based diet index (hPDI); (F): lower unhealthful plant-based diet index (uPDI); (G): higher
unhealthful plant-based diet index (uPDI).

Table 3. Associations of baseline plant-based diet indices with cognitive impairment risk.

Events Participants Person-Years HR (95% CI) a p Value

Stratified by PDI
Lower PDI 594 2274 11,330 1.32 (1.16–1.50) <0.001
Higher PDI 483 2518 12,826 1.00

Stratified by hPDI
Lower hPDI 561 2081 10,295 1.46 (1.29–1.66) <0.001
Higher hPDI 516 2711 13,861 1.00

Stratified by uPDI
Lower uPDI 480 2462 12,490 1.00
Higher uPDI 597 2330 11,666 1.21 (1.06–1.38) 0.004

HR: hazard ratio; CI: confidence interval; PDI: plant-based dietary index; hPDI: healthful plant-based dietary
index; uPDI: unhealthful plant-based dietary index. a: Adjusted for sex, age, residence, education, occupation,
smoking status, alcohol consumption, regular exercise, financial independence, and health conditions.
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Figure 3. Hazard ratios and 95% CIs for developing cognitive impairment by baseline body-mass-
index groups, stratified by plant-based diet indices. *: p < 0.05. (A): all participants; (B): lower
plant-based diet index (PDI); (C): higher plant-based diet index (PDI); (D): lower healthful plant-
based diet index (hPDI); (E): higher healthful plant-based diet index (hPDI); (F): lower unhealthful
plant-based diet index (uPDI); (G): higher unhealthful plant-based diet index (uPDI).
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Table 4. Associations of baseline BMIs with cognitive impairment risk, stratified by plant-based
diet indices.

Events Participants Person-Years HR (95% CI) a p Value

Stratified by PDI
Lower PDI

Underweight 163 514 2346 1.41 (1.15–1.73) 0.001
Normal 314 1263 6373 1.00

Overweight 88 370 1966 0.87 (0.67–1.12) 0.267
Obese 29 127 645 0.76 (0.51–1.14) 0.188

Higher PDI
Underweight 100 374 1726 1.39 (1.09–1.77) 0.007

Normal 265 1395 7125 1.00
Overweight 84 559 2925 0.74 (0.57–0.95) 0.017

Obese 34 190 1050 0.69 (0.46–1.03) 0.068
Stratified by hPDI

Lower hPDI
Underweight 163 487 2221 1.35 (1.10–1.66) 0.004

Normal 299 1172 5840 1.00
Overweight 77 310 1630 0.93 (0.72–1.10) 0.568

Obese 22 112 604 0.60 (0.37–0.96) 0.035
Higher hPDI
Underweight 100 401 1851 1.42 (1.11–1.80) 0.005

Normal 280 1486 7658 1.00
Overweight 95 619 3261 0.73 (0.57 –0.94) 0.013

Obese 41 205 1091 0.82 (0.57–1.18) 0.284
Stratified by uPDI

Lower uPDI
Underweight 98 372 1692 1.35 (1.05–1.72) 0.017

Normal 271 1348 6860 1.00
Overweight 71 539 2837 0.61 (0.46–0.80) <0.001

Obese 40 203 1101 0.77 (0.53–1.11) 0.158
Higher uPDI
Underweight 165 516 2380 1.45 (1.18–1.77) <0.001

Normal 308 1310 6638 1.00
Overweight 101 390 2054 1.01 (0.80–1.27) 0.955

Obese 23 114 594 0.64 (0.40–1.03) 0.066

HR: hazard ratio; CI: confidence interval; PDI: plant-based diet index; hPDI: healthful plant-based diet index;
uPDI: unhealthful plant-based diet index. a: Adjusted for sex, age, residence, education, occupation, smoking
status, alcohol consumption, regular exercise, financial independence, and health conditions.

4. Discussion

Based on a national, prospective, and community-based cohort, we found that BMI-
defined overweight status and obese status were related to decreased risks of cognitive
impairment, while an underweight status was related to an increased risk. We also found
that lower PDIs, lower hPDIs, and higher uPDIs were associated with increased risks of
cognitive impairment. In addition, the protective effect of being overweight on cognitive
impairment was more pronounced among participants with higher PDIs than those with
lower PDIs, among participants with higher hPDIs than those with lower hPDIs, and among
participants with lower uPDIs than those with higher uPDIs. Our results indicated that a
lower adherence to an overall and healthful PBD and a higher adherence to an unhealthful
PBD may attenuate the protective effect of an overweight status on cognitive impairment.

The relationship of BMI with cognitive function has been reported in numerous studies
with inconsistent findings. Some studies found neuroprotective effects for the BMI-defined
statuses of overweight and obese in later life [14–20], while some research reported detri-
mental neurological effects caused by BMI-defined obesity [6,9–12]. We found that a reverse
J-shaped relationship of BMI with cognitive impairment was identified in the current re-
search, suggesting that the BMI-defined statuses of overweight and obese could be related
to a decreased risk of cognitive impairment and that the BMI-defined status of underweight
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could be related to an increased risk. The aforementioned findings were consistent with
those from previous studies targeting a Chinese population [13,21–23]. For example, a
Chinese cohort study, which included 12,027 individuals 65 years of age and older, found
that a BMI-defined overweight status was related to a 16% decreased risk of cognitive
impairment [22]. In addition, our findings suggested that a BMI-defined underweight
status predicted a higher risk of cognitive impairment in later life. Similarly, the Korean
Longitudinal Study of Aging showed that older adults who are underweight may be at
a higher risk for cognitive dysfunction [19]. A recent Chinese cohort study of 5156 sub-
jects aged 75 and older reported an increased risk of cognitive impairment significantly
associated with a BMI-defined status as underweight [23]. Several pathophysiological
mechanisms may help explain our results. First, older individuals with a BMI-defined
status as underweight may be experiencing an underlying illness or nutritional deficiencies
resulting in a decline in muscle mass, which has been associated with the development of
neurodegenerative diseases [47,48]. This is possibly the reason that, in the present study,
older individuals with a high BMI demonstrated better cognitive performance as compared
with those with a lower BMI. Second, a higher BMI in later life may exert a neuroprotective
effect by increasing insulin-growth factor 1 (IGF-1) levels [49], leptin hormone levels [50],
and the production of estrogen [51], all of which have been confirmed to be relevant to
better cognitive function [52,53]. In addition, a higher leg-fat mass in older adults has
been related to improved glucose metabolism [54], which could result in a decreased risk
of developing poor cognitive function [55]. Moreover, serum urate, which is positively
related to BMI, may slow the progression of neurodegenerative diseases by acting as an
antioxidant [56].

There is emerging evidence for the brain-health-promoting effects of several dietary
patterns, which promote the high intake of plant-based foods [31,57,58]. Mounting evi-
dence has revealed that PBD patterns can exert neuroprotective effects [26,27]. A cohort
study conducted among adults in Singapore reported that participants with higher hPDI
scores had a lower risk of cognitive impairment [32]. Recently, a prospective cohort study
found that a higher hPDI was related to a slower rate of global cognitive decline, while no
association with either PDI or uPDI and cognitive decline was observed [33]. The results
of our study show that a lower PDI, a lower hPDI, and a higher uPDI were related to a
higher risk of cognitive impairment. The mechanisms underlying this association may be
explained by the fact that healthful plant-based foods, such as fruits, vegetables, and nuts,
are rich sources of antioxidants and anti-inflammatory nutrients, including polyphenols,
flavonoids, antioxidant vitamins, and dietary fiber, which could reduce central nervous
system inflammation and oxidative stress [24,25,59–63], ultimately affecting the etiopatho-
genesis of neurodegenerative diseases [64,65], whereas unhealthful plant-based foods, such
as preserved vegetables and added sugars, are high in sodium and sugar, which have been
related to decreases in neurological health [66,67]. In addition, unhealthful plant-based
foods have previously been linked to increased risks of diabetes and heart disease [29,68],
which are also risk factors for decreased neurological health [69,70].

We first demonstrated that a lower adherence to an overall PBD and healthful PBD,
and a higher adherence to an unhealthful PBD may attenuate the protective effect of being
overweight on cognitive impairment among older adults. This might be because a healthful
PBD could reduce inflammation and oxidative stress in the central nervous system as
induced by an unfavorable weight status [63]. More studies are needed to explore the
moderating role of three plant-based diets in this relationship between BMI and cognitive
function so as to elucidate this mechanism.

To our knowledge, we are among the first to assess whether PBD patterns, using the
PDI, hPDI, and uPDI, modify the relationship between BMI and cognitive function. In
addition, our research is based on a nationally representative sample of older Chinese
adults, which facilitates the generalization of our findings. There are also some limitations
to the study. First, it should be emphasized that our findings were based on a single
measurement of the BMI and diet at baseline, which may not accurately reflect the long-
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term status. Second, diet was assessed using a simple FFQ without information on portion
sizes; hence, we cannot calculate and adjust for total energy intake. In addition, dietary
assessment via FFQ may have been subject to recall bias. Third, detailed information for
several food items (e.g., potatoes, honey, and berries) was not available in the FFQ in the
CLHLS. Further research with more-detailed dietary assessments is required to validate the
observed findings. Fourth, the contribution of dietary supplements was not considered in
the present study, which could have caused a bias in our results. Fifth, residual, unknown
confounding factors cannot be entirely ruled out. All included participants were from
China, which limits the extrapolation of our conclusions to other nationalities and ethnic
groups. Sixth, given the observational study design, no causal association can be proved.

5. Conclusions

Based on a national, community-based, longitudinal prospective study in China, we
found that BMI-defined statuses of overweight and obese were related to a decreased risk
of cognitive impairment, while an underweight status was related to increased risk. Lower
PDI, lower hPDI, and higher uPDI were associated with an increased risk of cognitive
impairment. Furthermore, we first demonstrated that a lower adherence to an overall
and a healthful PBD and a higher adherence to an unhealthful PBD may attenuate the
protective effect of being overweight on cognitive impairment. Our findings are infor-
mative in facilitating the development of tailored body-weight-management and dietary
recommendations for preventing cognitive impairment in an elderly population.
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Appendix A

Table A1. Plant-based diet index scoring.

Food Category Food Groups Frequency PDI hPDI uPDI

Plant-based food

Healthful

Whole grain Yes 5 5 1
No 1 1 5

Vegetable oils Yes 5 5 1
No 1 1 5

Fresh fruits

Almost everyday 5 5 1
Quite often 4 4 2

Occasionally 2 2 4
Rarely or never 1 1 5
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Table A1. Cont.

Food Category Food Groups Frequency PDI hPDI uPDI

Plant-based food

Healthful

Fresh vegetables

Almost everyday 5 5 1
Quite often 4 4 2

Occasionally 2 2 4
Rarely or never 1 1 5

Legumes

Almost everyday 5 5 1
≥1 time/week 4 4 2
≥1 time/month 3 3 3

Occasionally 2 2 4
Rarely or never 1 1 5

Garlic

Almost everyday 5 5 1
≥1 time/week 4 4 2
≥1 time/month 3 3 3

Occasionally 2 2 4
Rarely or never 1 1 5

Nuts

Almost everyday 5 5 1
≥1 time/week 4 4 2
≥1 time/month 3 3 3

Occasionally 2 2 4
Rarely or never 1 1 5

Tea

Almost everyday 5 5 1
≥1 time/week 4 4 2
≥1 time/month 3 3 3

Occasionally 2 2 4
Rarely or never 1 1 5

Unhealthful

Refined grains Yes 5 1 5
No 1 5 1

Sugar (white
granulated sugar or

candies)

Almost everyday 5 1 5
≥1 time/week 4 2 4
≥1 time/month 3 3 3

Occasionally 2 4 2
Rarely or never 1 5 1

Preserved
vegetables

Almost everyday 5 1 5
≥1 time/week 4 2 4
≥1 time/month 3 3 3

Occasionally 2 4 2
Rarely or never 1 5 1

Animal-based food

Animal fat
Yes 1 1 1
No 5 5 5

Meat

Almost everyday 1 1 1
≥1 time/week 2 2 2
≥1 time/month 3 3 3

Occasionally 4 4 4
Rarely or never 5 5 5

Fish

Almost everyday 1 1 1
≥1 time/week 2 2 2
≥1 time/month 3 3 3

Occasionally 4 4 4
Rarely or never 5 5 5

Eggs

Almost everyday 1 1 1
≥1 time/month 3 3 3

Occasionally 4 4 4
Rarely or never 5 5 5

Dairy products

Almost everyday 1 1 1
≥1 time/week 2 2 2
≥1 time/month 3 3 3

Occasionally 4 4 4
Rarely or never 5 5 5

Abbreviations: PDI: plant-based diet index; hPDI: healthful plant-based diet index; uPDI: unhealthful plant-based
diet index.
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Abstract: Fibromyalgia syndrome (FMS) is recognized for its difficulty to diagnose and its subjective
symptomatology. There is neither a known cure nor a recommended therapeutic diet to aid in the
multidisciplinary treatment. We conducted a systematic review to investigate if diets can improve
pain symptoms of fibromyalgia. Through the PubMed search in March 2022, 126 abstracts were
identified. We included both intervention and observational studies of diets and pain symptoms
among patients with FMS. After screening titles, abstracts, and full-texts, 12 studies, including
11 intervention and one observational study, were selected. These studies included 546 participants
and investigated plant-based diets (n = 3), anti-inflammatory diets (n = 1), gluten-free diets (n = 2), and
elimination/restrictive diets (n = 6). These studies assessed pain symptoms through visual analogue
scale for pain, fibromyalgia impact questionnaire/revised fibromyalgia impact questionnaire, tender
point count, pain pressure threshold, and/or total myalgic score. Nine studies, including all three
plant-based diet studies, reported statistically significant beneficial effects of their respective diets on
pain symptom measurements. Given the small sample size and short intervention duration of the
included studies, limited evidence currently exists to recommend any specific diet to patients with
FMS. Further research is warranted to clarify specific diets to recommend and explore their potential
mechanisms.

Keywords: fibromyalgia syndrome; fibromyalgia patients; diet; pain symptoms

1. Introduction

Fibromyalgia is a complex chronic syndrome that is largely characterized by subjective
symptoms. There is no known cause or cure although symptoms may be managed via mul-
timodal treatment strategies [1]. The most frequent symptoms of fibromyalgia syndrome
(FMS) include widespread pain and tenderness, fatigue, stiffness, headaches, issues with
sleep and cognitive functions. Among the less common symptoms are digestive problems,
tingling or numbness of extremities, and face and jaw pain [1]. This chronic syndrome
affects around 2–3% of the world’s population [2]. Fibromyalgia predominately affects
women to men at a ratio of 3:1 [2]. Some individuals experience a rapid onset of FMS,
which often occurs after an illness or traumatic incident, whereas others may not have a
triggering event [1].

The diagnostic process identifying this disease can be difficult, due to widespread,
subjective symptoms and the lack of a known clear etiology [2]. Theories explaining un-
derlying causes are evolving and recently fibromyalgia has been described as a central
sensitization disorder, in that those with FMS have a heightened sensitivity to pain due to
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improper pain signal processing by the central nervous system [1]. Fibromyalgia may be
caused by environmental and genetic factors operating in tandem [1]. It is hypothesized
that the central nervous system and the peripheral nervous system are involved in the
pathological mechanisms of FMS [2]. Given the likely complex biopsychosocial pathology
of this condition, a comprehensive approach, including physical and psychological inter-
ventions, are the ideal treatment of FMS. Fibromyalgia patients may suffer from whole body
pain, fatigue, stiffness, hypersensitivity to external stimuli, and autonomic disturbances [2].
Additionally, fibromyalgia can have a substantial impact on mental health; patients can
develop anxiety, depression, and post-traumatic stress disorder [2]. Potential cognitive
difficulties include memory deficits, concentration difficulties, and sleep disturbances [2].
Consequently, there are multiple treatment modalities required due to the complexity of
the syndrome [1].

Currently, exercise is the most recommended treatment method as it has been shown
to reduce pain symptoms and fatigue; however, there is currently no known diet or vitamin
supplementation recommended for the treatment of FMS [2]. Dietary interventions are
a tool used for the treatment of many diseases, due to healthy diets improving physical
fitness, mental health, and cognitive abilities [3]. For example, plant-based diets have
been used to treat hypertension as they significantly lower systolic and diastolic blood
pressure [4]. However, the current status of the evidence on dietary influences on FMS is
not known. Therefore, we investigated if diet affects pain symptoms for individuals with
fibromyalgia through a systematic literature review of published studies and summarized
future research directions.

2. Materials and Methods

A systematic literature review was conducted using the PubMed online database
to identify published studies. The following search terms were applied for (all fields):
diet AND fibromyalgia. This search was conducted with filters for studies conducted in
humans and articles written in English and with no limits on publication years. The final
search was completed on 7 March 2022, and a total of 126 abstracts were retrieved and
reviewed independently by two authors (E.K.M. and Y.T.), who discussed discrepancies
when they occurred and brought them to consensus. The full-text article of a study was not
acquired if the abstract or title met at least one of the following exclusion criteria: (1) not
including fibromyalgia participants; (2) not using visual analogue scale for pain (VAS),
fibromyalgia impact questionnaire/revised fibromyalgia impact questionnaire (FIQ/FIQR),
tender point count (TPC), pain pressure threshold (PPT), or total myalgic score (TMS)
measurements; (3) not testing diet as intervention or exposure variable; and (4) not being
an original research article such as a review or commentary. The studies that met at least
one of the exclusion criteria were separated from the remaining abstracts. The full-text
article was obtained for all the remaining abstracts that did not meet the exclusion criteria
for the abstract or title to be further reviewed. The articles were excluded if they met at
least one of the following exclusion criteria: (1) having an overlap of study participants
between studies; (2) not including fibromyalgia participants; (3) not using VAS, TPC, PPT,
FIQ/FIQR, or TMS measurements; (4) not testing diet as intervention or exposure variable;
and (5) not being an original research article such as a review or commentary. The protocol
of this systematic review was not registered.

Each study was cited, and the following information was compiled: first author; year
of publication; country; study design; calendar year the study was conducted; number of
participants; age; sex; race or ethnicity; length of intervention; presence of control group;
and study results. Not all the information was included in the published article of all
12 studies. In these instances, the studies were examined for references cited, searching for
related articles about the study through PubMed, and/or contacting the corresponding
author to obtain missing information if possible. Two authors (E.K.M. and Y.T.) extracted
the information mentioned above from each study independently. Inconsistencies were
discussed and brought to consensus.
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An outcome variable of this literature review was pain symptoms. Each study used
the evaluation procedures including the VAS, TPC, PPT, TMS, and/or FIQ/FIQR. The FIQ
allows patients to report the severity of their pain, fatigue, stiffness, anxiety, depression,
morning tiredness, physical impairment, mood, and ability to go to and do work. The FIQR
allows patients to report the severity of how FMS interferes with their function, overall
impact, and symptoms, including pain and tenderness. The FIQ and FIQR values of each
subsection were added and converted to fit into a 0–100 scoring range, with the higher
values indicating more severe FMS symptoms. The VAS is used to measure the intensity
of pain commonly on a 0–100 mm length line, where the 0 mm region is absence of pain,
and the 100 mm region is the maximum pain imaginable [5]. The TPC was an essential
measurement of the 1990 American College of Rheumatology (ACR) criteria but had since
been phased out for the 2010 ACR criteria. A tender point is indicated by the patient feeling
pain from a 4-kg palpitation on one of the 18 designated sites [6]. The PPT is commonly
performed on the 18 tender sites and measures the amount of pressure over a given area,
specifically the point where non-painful pressure changes into painful pressure. The TMS
is the PPT score over the tender points. For all pain symptom measures, the average values
and standard deviations for each group (e.g., intervention and control groups) at each time
point (e.g., the baseline and the end) for intervention studies and, for a cross-sectional
study, the average values of pain symptom measures by quartiles of dietary inflammatory
index (DII) scores at one time point were extracted. When studies reported average values
differently (e.g., average changes during the intervention, instead of the average values at
the end), we estimated the average values using the available information.

The included studies were analyzed based on their participant inclusion and exclusion
criteria; recruitment method; method of questionnaire/pain symptom measurement; type
of diet that was investigated; how diet was administered and monitored; length of inter-
vention; presence of control group; study results; study’s strengths and limitations; and
authors’ conclusion. For the study results, we assessed the certainty of each study’s results
based on the reported statistical significance (p-values < 0.05). Risk of bias of each study
was assessed through the National Heart, Lung, and Blood Institute (NHLBI) study quality
assessment tools [7] and independently by two authors (E.K.M. and Y.T.). Discrepancies
were discussed and brought to consensus.

3. Results

This review examined 126 abstracts that were published before March 2022 using the
previously stated search terms. The abstracts and titles of these 126 articles were reviewed
(Figure 1) based on the exclusion criteria; 20 articles were selected for full-text review. From
the 20 full-text articles, 12 articles met the final inclusion criteria and were included in our
literature review.
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Figure 1. Flow chart of the systematic literature review. Abbreviations used: visual analogue
scale for pain (VAS), fibromyalgia impact questionnaire/revised fibromyalgia impact questionnaire
(FIQ/FIQR), tender point count (TPC), pain pressure threshold (PPT), or total myalgic score (TMS).
a The following articles were excluded due to having an overlap of study participants between
studies [8–10]; not including fibromyalgia participants [11]; not using VAS, TPC, PPT, FIQ/FIQR, or
TMS measurements [12]; not testing diet as intervention or exposure variable [13,14]; and not being
an original research article such as a review or commentary [15].

The 12 studies were published spanning from 2000 to 2020 and were primarily inter-
vention studies except for one study [16], which was an observational, cross-sectional study
(Table 1). These studies took place in seven different countries, four in Spain, three in the
United States, and one in each of the following countries, Bangladesh, Finland, Portugal,
Italy and Egypt. The sample sizes of all 12 articles were relatively small, with a minimum
of 7 participants [17] and a maximum of 95 participants [16], totaling 546 participants.
Five of the reviewed studies included solely female participants [16–20], and six studies
included female participants as the majority with less than 25% male participants [21–26].
Hänninen et al. did not report the sex, race, or ethnicity of their participants. Only two
studies [17,18] reported race or ethnicity and included all white participants. All 12 studies
used ACR criteria for diagnostic inclusion criteria, specifically nine used ACR 1990 criteria,
but three studies [17,19,24] used ACR 2010 criteria. Multiple studies had participants
with comorbidities, as it is common for FMS patients to have additional illnesses. Marum
et al. [19] reported that 88% of their participants had a gastrointestinal disorder and 60%
had food intolerance in addition to their FMS diagnosis. Three other studies had at least
one comorbidity as additional inclusion criteria [17,23,24]. In terms of study quality, three
studies rated as good quality [24–26], five as fair quality [16,17,19,21,23] and four as poor
quality [18,20,22,27], respectively.
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Table 1. Characteristics of studies included in the systematic review.

First Author,
Publication

Year
Study Design Year(s) Country Number of

Participants
Sex a Age b Race or

Ethnicity Diagnosis c

Azad 2000 [21] Intervention
Control Trial No data Bangladesh 78 Female 78%

Male 22% 30.9 (12–60) No data FMS

Correa-
Rodríguez
2020 [16]

Observational,
Cross-sectional 2018 Spain 95 Female 100% 55.76 No data FMS

Donaldson
2001 [22]

Intervention
Pre and Post Trial No data United States 20 Female 93%

Male 7% (45–54) No data FMS

Hänninen 2000
[27]

Intervention
Pre and Post
Control Trial

No data Finland 33 No data 51 No data FMS

Holton 2012
[23]

Intervention
Pre and Post Trial No data United States 37 Female 92%

Male 8% 51.6 No data FMS and IBS

Lamb 2011 [18] Intervention
Cross-over Trial 2008 United States 8 Female 100% 55.6 (48–74) White FMS

Marum 2016
[19]

Intervention
Pre and Post Trial 2015 Portugal 38 Female 100% 51 No data FMS and GID

Pagliai 2020
[25]

Intervention
Cross-over Trial No data Italy 20 Female 95%

Male 5% 48.95 No data FMS

Rodrigo 2013
[17]

Intervention
Pre and Post Trial 2007–2012 Spain 7 Female 100% 49 (34–68) White FMS, IBS and

CD

Senna 2012 [26] Intervention
Control Trial 2011 Egypt 83 Female 90%

Male 10% 45.6 No data FMS

Slim 2017 [24]
Intervention

Parallel-group
Trial

2012–2014 Spain 55 Female 97%
Male 3%

HCD: 53
(32–65)
GFD: 52
(36–66)

No data FMS and GS

Vellisca 2014
[20]

Intervention
Control Trial No data Spain 72 Female 100% 40.98 (24–65) No data FMS

a Based on 75 participants at the start of the trial for the Slim study. b Mean (range) is included; for the Donaldson
study, values are from normal data range for women aged 45–54 noted in the publication [22]; for the Hänninen
study, average age was estimated based on another publication of the same study [8]; and for the Slim study the
median age (range) is included. c ACR 1990 Criteria for Fibromyalgia Syndrome and ROME III Criteria for Irritable
Bowel Syndrome were used except for Marum, Pagliai and Slim studies. Abbreviations used: celiac disease (CD),
fibromyalgia syndrome (FMS), gastrointestinal disorder (GID), gluten-free diet (GFD), gluten sensitivity (GS),
hypocaloric diet (HCD), and irritable bowel syndrome (IBS).

The twelve studies were grouped into four categories based on the type of diet. The
first category, plant-based diets, consisted of three studies: a vegetarian diet [21], a raw
vegetarian diet [22] and a living food diet, which is defined as an uncooked vegan diet [27].
The second category, gluten-free diets, contained two studies [17,24]. The next category
is an anti-inflammatory diet, which was solely comprised of one study [16]. The final
category consisted of the remaining six studies that implemented elimination/restrictive
diets. Marum et al. [19] introduced a diet that eliminated foods high in fermentable oligo-,
di- or mono-saccharides and polyols (FODMAPs). Lamb et al. [18] implemented a diet
that eliminated simple sugars, artificial colorings, flavorings, and sweeteners; caffeinated
beverages; grains with gluten; eggs and dairy products; allergenic foods; and foods high in
arachidonic acid. Both Vellisca and Holton studies [20,23] implemented excitotoxin elimina-
tion diets. Vellisca and Latorre [20] focused on eliminating monosodium glutamate (MSG)
and aspartame. Holton et al. [23] had participants eliminate both MSG and aspartame
but included a list of other excitotoxic food additives to avoid as well. Pagliai et al. [25]
implemented the Khorasan Wheat Replacement diet where wheat products made with
Khorasan wheat were provided to the intervention group and the same products made
with regular wheat were provided to the control group. Another study implemented an
energy-restrictive diet [26].

Among the three plant-based dietary intervention studies, in the Azad study [21], the
vegetarian diet group’s mean VAS score statistically significantly decreased from 5.7 at
baseline to 5.0 at the end of the six-week intervention, which was a smaller change than
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the control group which decreased from 6.2 to 2.3. However, this control group was
given amitriptyline to help with insomnia (Table 2). The mean TPC had a statistically
significant decrease in the control group (from 16.1 to 6.4), but not in the vegetarian diet
group (from 15.7 to 14.7) (Table 3). In the Donaldson study [22], the mean FIQ decreased
from 51.4 at baseline to 27.6 at the end of seven months of living food diet intervention with
a statistical significance. In the Hänninen study [27], the vegan diet intervention resulted
in a statistically significant decrease in their mean VAS scores over three months (specific
mean values not reported but presented in graphs).

Table 2. Effects of diets on pain symptoms measured by Revised Fibromyalgia Impact Questionnaire
(FIQR) and Visual Analogue Scale for Pain (VAS).

First Author
of Article

Dietary
Variable or

Intervention

Length of
Intervention FIQ/FIQR c VAS d

Baseline End

Azad Vegetarian 6 weeks 5.7 ± 1.8 5.0 ± 1.8 *

Control 6 weeks 6.2 ± 1.9 2.3 ± 1.3 *

Cross-sectional Cross-sectional

Correa-
Rodríguez a

Anti-
Inflammatory
diet: DII score

Quartile 1

N/A 70.5 ± 13.3 7.20 ± 1.64

Quartile 2 79.9 ± 10.5 7.91 ± 1.57

Quartile 3 69.2 ± 20.1 7.48 ± 2.10

Quartile 4 71.9 ± 15.4 7.40 ± 1.14

Baseline 2 months End Baseline 2 months End

Donaldson Raw
Vegetarian 7 months 51.4 ± 14.2 33.6 ± 15.6 27.6 ± 19.0 *

Baseline Middle End

Hänninen b
Living Food 3 months 6.0 3.0 3.2 *

Control 3 months 5.8 4.8 6.5

Baseline End Baseline End

Holton

Dietary
Additive

Excitotoxin
Elimination

4 weeks 58.6 36.4 * 13.1 7.7 *

Baseline End

Lamb

Control 4 weeks 46.3 ± 3.4 43.6 ± 5.1

Modified
Elimination 4 weeks 36.6 ± 8.2

Baseline End Baseline End

Marum Low
FODMAP 4 weeks 61.6 47.9 * 6.6 4.9 *

Baseline End Baseline End

Rodrigo Gluten-Free 1 year 74.3 ± 2.9 36.6 ± 4.0 * 8.0 ± 0.5 3.9 ± 1.0 *

Baseline End

Senna
Energy-

restricted 6 months 54.6 ± 13.1 47 ± 5.1 *

Control 6 months 53.2 ± 11.55 51.6 ± 9.4

Baseline End

Slim
Gluten-Free 24 weeks 69.5 ± 16.3 60.3 ± 19.6

Hypocaloric
(Control) 24 weeks 70.4 ± 16.1 61.7 ± 22.2
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Table 2. Cont.

First Author
of Article

Dietary
Variable or

Intervention

Length of
Intervention FIQ/FIQR c VAS d

Baseline End

Pagliai

Khorasan
Wheat

Replacement
8 weeks 54.3 42.06 *

Control 8 weeks 54.06 53.87

Baseline 1 month 2 months End

Vellisca

Control 3 months 5.63 ± 0.86 5.41 ± 0.73 5.05 ± 0.82 5.31 ± 0.88

Dietary
Additive

Excitotoxin
Elimination

3 months 5.58 ± 0.91 5.05 ± 0.82 4.88 ± 0.97 5.15 ± 0.95

a Both diet and pain symptoms were measured at the same time due to a cross-sectional study design. b Values
were estimated based on the graph for Hänninen study. c FIQ 1991 version (FIQ) were used in Donaldson, Lamb
and Rodrigo studies. d VAS scores were reported with a range 0–10 cm, except for a range 0–20 cm for Holton and
a range 0–7 cm for Vellisca studies. * Statistically significant (p ≤ 0.05).

Table 3. Effects of diets on pain symptoms measured by Tender Point Count (TPC) and Total Myalgic
Score (TMS).

First Author of Article Dietary Variable or Intervention
Length of

Intervention
TPC TMS

Baseline End Baseline End

Azad
Vegetarian 6 weeks 15.7 ± 2.4 14.7 ± 3.6 * - -

Control 6 weeks 16.1 ± 2.3 6.4 ± 3.0 * - -

Holton Dietary Additive
Excitotoxin Elimination 4 weeks 16.5 14.0 * 35.2 25.7 *

Rodrigo Gluten-Free 1 year 16.3 ± 2.4 8.0 ± 1.6 * - -

Senna Energy-restricted 6 months 4.9 ± 0.8 -
Control 6 months 5.7 ± 1

Abbreviations used: Dietary Inflammatory Index (DII), Fibromyalgia Impact Questionnaire (FIQ), fermentable
oligo-, di- or mono-saccharides and polyols (FODMAP), Revised Fibromyalgia Impact Questionnaire (FIQR), and
Visual Analogue Scale for Pain (VAS) * Statistically significant (p ≤ 0.05).

An anti-inflammatory diet was only investigated in one observational, cross-sectional
study. Correa-Rodríguez et al. [16] completed a 24-h dietary recall and one-time mea-
surement of FIQR, VAS, and PPT. The participants were categorized into quartiles based
on their dietary inflammatory index (DII) scores where lower scores represented an anti-
inflammatory diet and higher scores represented a pro-inflammatory diet. All locations
of the PPT measurements were significantly associated with a lower DII quartile (Table 4).
There was no significant association of lower FIQR and VAS scores with DII scores.
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As the last category, six studies used an elimination/restrictive dietary intervention.
Marum et al. [19] used a low FODMAP diet and found that both the mean FIQR and VAS
scores significantly decreased from 61.6 at baseline to 47.9 at the end of the four-week
trial, and from 6.6 to 4.9, respectively. Lamb et al. [18] implemented a hypoallergenic,
modified elimination diet with phytonutrient-rich medical food followed by a control
period of a USDA food pyramid diet with a rice protein powder supplement for four weeks
each in women with FMS. They reported a mean FIQ score of 46.3 at baseline, 43.6 at
the end of the USDA food pyramid diet and 36.6 at the end of the intervention period.
This decrease in the FIQ score was not statistically significant, although the mean FIQ
sub-section pain score had a statistically significant decrease (5.5 at baseline, 5.94 at the
end of USDA control diet and 4.92 at the end of the intervention period). No statistically
significant differences were reported for various bodily areas of PPT measurements over
time. Vellisca and Latorre [20] implemented a diet that eliminated MSG and aspartame
for three months. Their VAS score scale was not conventional as it only ranged from 0–7.
Although there were some improvements in pain in both the control and intervention
groups over three months, neither group achieved statistical significance. Holton et al. [23]
implemented a diet that eliminated additive excitotoxins from their patients with FMS
and IBS diagnoses. Eight of the participants reduced their tender points to less than 11
after four weeks of the intervention. In the Holton study [23], their average FIQ, VAS
(0–20 score scale), TPC, and TMS scores decreased by 22.2, 5.4, 2.5, and 9.5 after four weeks,
respectively. Senna’s [26] energy-restricted diet intervention for six months resulted in a
statistically significant decrease in FIQR. Although no baseline measure was taken, TPC
was lower in the intervention group than the control group at the end of the intervention.
For PPT, five out of nine areas assessed had a statistically significantly lower PPT in the
intervention than the control diet groups. Besides the FMS pain measures, the intervention
group experienced more weight loss than the control group. In the Pagliai study [25], only
FIQR was measured and FIQR scores at baseline did not differ between the Khorasan
Wheat Replacement diet and control diet groups. After eight weeks of the intervention,
the participants who received the Khorasan wheat products had a statistically significantly
lower average FIQR score.

4. Discussion

We conducted this systematic literature review to investigate if diet has the poten-
tial to provide symptom relief for those with fibromyalgia based on published studies.
Among the 12 studies reviewed, eight intervention trials reported statistically significant
improvements in at least one of the pain measurements as a result of the intervention
and one cross-sectional study observed an inverse association between DII score and
pain measurements. By diet categories, all of the plant-based diet and anti-inflammatory
diet studies found statistically significant improvement in pain measurements based on
FIQ, VAS, TPC or PPT [16,21,22,27]. Inconsistent results were reported for gluten-free
and elimination/restrictive diets. Only one out of the two gluten-free diet studies [17]
reported statistically significant improvements in pain measurements including FIQ, VAS
and TPC. Four out of the six elimination/restrictive diets reported statistically significant
pain improvements in FIQR/FIQ, VAS, TPC, TMS or PPT [19,23,25,26].

Overall, it is encouraging that the majority of the studies included in this review
reported a pain improvement in at least one of the measurements. Although we were
able to cover a variety of diet types, specific diet types that are effective to alleviate pain
symptoms among patients with FMS are not clear. In our systematic review, plant-based
diets reported the most consistent results [21,22,27] and the only anti-inflammatory diet
study also reported significant pain improvement [16]. Both diets were similar in terms of
high consumption of vegetables, fruits, vegetable/olive oils and nuts, and low consumption
of red meats. Furthermore, some elimination diets in our review share commonalities. Food
additives were avoided in Holton, Lamb and Vellisca studies [18,20,23]. As food additives
are contained in processed foods, the living food diet in the Donaldson study would
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also restrict the consumption of food additives [22]. Among these four studies, only two
reported a statistically significant improvement in pain symptoms with the intervention
diet [22,23]. Hence, the effectiveness of eliminating food additives on pain symptoms
among patients with FMS is currently inconclusive and needs to be clarified in future
studies. With regards to gluten-free diets, only one of the two trials reported a significant
pain improvement [17]. The diet used in the Lamb study is an elimination/detoxification
diet that also excluded gluten from the diet and no significant difference in the pain
symptom changes between the intervention and control diets were reported [18]. Potential
reasons for these inconsistent results are that gluten-free diets had no specific guidance on
the amount of fruit, vegetables, nuts and red meats allowable, and they did not restrict
consumption of processed foods high in food additives.

One potential mechanism that may explain our finding of more consistent results
from plant-based and anti-inflammatory diets than gluten-free diets is weight loss. Among
patients with FMS, weight loss is associated with improved pain symptoms [28]. Plant-
based and vegetarian diets are generally associated with lower body weight [29]. For
the Hänninen study [27], weight loss in the vegan diet group was reported [8], although
body weights were not reported in the other two plant-based diet studies. In contrast, a
gluten-free diet may not necessarily result in weight loss; instead, a healthful weight gain
was reported among celiac patients following a gluten-free diet as it helped to alleviate
malabsorption/digestive issues [30]. In the Slim study, the control diet, not the gluten-free
diet, group experienced significant weight loss. Among elimination/restrictive diet studies,
the Senna study among obese patients with FMS [26] reported both pain improvement and
weight loss as a result of the energy-restricted diet intervention. In the Marum study [19],
the low FODMAP diet group had significant weight loss [9]. Given that only four of the
12 studies reported the participants’ weight or BMI changes during the diet intervention
period, future studies are needed to report their weight changes to help elucidate this
potential mechanism.

Besides body weight, other potential and hypothesized mechanisms are through de-
creased inflammation and decreased activation of neurotransmitters in central sensitization.
In the Senna study, the intervention group had more pain improvements and weight
loss as well as lower concentration of inflammatory markers (i.e., C-reactive protein and
interleukin-6) than the control group. This study highlights the effects of body weight
on pain symptoms, potentially mediated through inflammatory pathways. The finding
from the Correa-Rodríguez study [16] also lends support for decreased inflammation as
a potential mechanism, given that participants whose diets were characterized as higher
anti-inflammatory dietary potentials had lower scores of pain measurements. The cross-
sectional nature of this study limits us to consider the weight change over time, which was
not reported, as an additional mechanism to explain their finding. Future studies including
biomarkers to assess inflammation and central sensitization would also help to elucidate
potential mechanisms. Additionally, diets other than those included in this review may
also result in pain improvement. For instance, low-carbohydrate and ketogenic diets were
recently hypothesized to alleviate chronic pain, also through inflammatory and nervous
system pathways [31], and other diets also need to be investigated in future studies of pain
symptoms among FMS patients.

In addition, future studies should take into consideration the variability of adherence
to the respective diet being studied. The majority of studies in our review did not report
the adherence rate to the diet regimen and a few studies noted challenges in adhering to
the diet regimen experienced by study participants [21,22]. Moreover, all 12 studies in-
cluded outpatient participants who may have experienced additional difficulties regarding
adherence as they were having to make a major dietary change upon enrolling in a dietary
intervention trial on top of managing one or more chronic conditions and completing tasks
for their daily life. To increase their adherence, a meal plan service that is vetted by re-
searchers could help alleviate the challenges that participants may experience. The majority
of the studies reviewed did not report providing participants with adequate resources
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and introductory sessions with dietitians. As an exception, the Holton study provided
detailed instructions for the dietary regimen (e.g., a list of excitotoxic food additives to
avoid), individual professional dietary counseling sessions and food diaries to complete
three days a week, all of which might have contributed to a significant pain improvement
in a short period of four weeks [23]. Hence, future studies may also consider providing
detailed instructions and support for participants to follow the dietary regimen as part of
the intervention trial.

One strength of this systematic literature review is that the 12 studies took place
over seven different countries and four continents with varying cultures, which raises the
possibility that these results could potentially be generalized among multiple ethnicities.
The variation of diets investigated in the studies reviewed is also a strength as it helps to
compare different dietary aspects that may result in improved pain symptoms among FMS
patients. Another strength is the inclusion of participants aged 12 to 74 years in the studies
reviewed. This allows for the generalization of results over a wide age range of individuals
with FMS. Eleven of the 12 studies were intervention trials, which allow for more control of
potential confounding than observational studies.

There are several limitations in this systematic review. First, most studies did not
provide information about the adherence to the diets, which might have affected the study
results. Another limitation is that most of the participants were female in all 12 studies,
with five studies having only female participants. In the six other studies men only made
up 3–22% of the participants, which is not in line with the 3:1 female to male ratio of FMS
prevalence. Future studies need to include more men to increase the generalizability to
both sexes. An additional limitation is the variety of pain symptom assessments used
across all 12 studies and within each of the diet categories. Therefore, it was difficult to
make comparisons between studies that did not use the same assessments. One of the
assessment types included in this review, TPC, was a major diagnostic criterion from the
ACR 1990. The ACR was updated in 2010, some changes being the removal of TPC and the
addition of a widespread pain index, as well as a symptom severity scale. For this review it
was necessary to include studies that used TPC, as there were not sufficient studies on diet
and pain symptoms among FMS patients after 2010. For future studies, the updated pain
assessments should be included alongside FIQR, VAS, possibly TPC, TMS, and PPT as well.
All 12 studies reviewed had sample sizes below 100, which reduced the power to detect a
statistically significant effect of the diets on pain symptoms.

5. Conclusions

The results from this systematic literature review suggest that there is potential that
diet can be helpful in improving pain symptoms in patients with FMS. From this review,
plant-based diets seem to have more consistent and overall success in lessening pain
symptoms than elimination/restrictive diets. Given that a limited number of studies have
been conducted to date, findings from gluten-free and anti-inflammatory diet studies need
to be followed up in future studies. Nevertheless, further studies should be conducted for
all four diet categories included in this review and be completed with larger sample sizes
and longer intervention periods. Furthermore, using dietary intervention implementation
strategies to enhance participants’ adherence to the diet regimen, and including body
weight and biomarker measurements to explore potential biological mechanisms are other
ways to advance research. In terms of clinical application, there is currently very weak
to insufficient evidence for any of the four diet categories to change the status of ‘no
recommended diet’ for FMS in the clinical practice.
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Abstract: Functional dyspepsia is a gastrointestinal disorder characterized by postprandial fullness,
early satiation, epigastric pain, and epigastric burning. The pathophysiology of the disease is not fully
elucidated and there is no permanent cure, although some therapies (drugs or herbal remedies) try to
reduce the symptoms. Diet plays a critical role in either the reduction or the exacerbation of functional
dyspepsia symptoms; therefore dietary management is considered to be of high importance. Several
foods have been suggested to be associated with worsening functional dyspepsia, such as fatty
and spicy foods, soft drinks, and others, and other foods are thought to alleviate symptoms, such
as apples, rice, bread, olive oil, yogurt, and others. Although an association between functional
dyspepsia and irregular eating habits (abnormal meal frequency, skipping meals, late-night snacking,
dining out, etc.) has been established, not many dietary patterns have been reported as potential
factors that influence the severity of functional dyspepsia. A higher adherence to Western diets and
a lower adherence to FODMAPs diets and healthy patterns, such as the Mediterranean diet, can
contribute to the worsening of symptoms. More research is needed on the role of specific foods,
dietary patterns, or specific eating habits in the management of functional dyspepsia.

Keywords: functional dyspepsia; epigastric pain syndrome; postprandial distress syndrome; foods;
dietary patterns; eating behavior; nutrition; diet

1. Introduction

Functional dyspepsia (FD) is considered to be one of the most common disorders in
clinical practice [1]. It has a high prevalence that affects 10–30% of adults and 3.5–27% of
children worldwide [2]. Despite its high prevalence, there are major uncertainties regarding
its definition, pathophysiology, diagnosis, treatment, and prognosis [1].

1.1. Pathophysiology

Although the etiology of the disorder has not been fully elucidated, the main patho-
physiological mechanisms that have been proposed throughout the years include motility
alterations and psychosocial factors. The disruption of the microbiota–gut–brain axis, with
abnormal central modulation, visceral hypersensitivity, and increased mucosal permeabil-
ity contribute to the pathophysiology of FD. Increased intestinal permeability, immune
activation, and gut dysbiosis caused by stress, which in turn affect the nervous system,
suggests the concept of an impaired bidirectional communication of the “brain–gut axis” in
FD [3]. In addition, acute enteric infections lead to colonic inflammation, recruitment of
eosinophils and mast cells, lymphoid follicles, and duodenal mucosal bacterial loads, which
affect the symptomatology of FD patients. Increased levels of inflammatory cytokines in
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the colonic mucosa are associated with anxiety and depression, which are related to the
gut–brain axis [4]. Finally, genetic factors (such as polymorphisms in the genes related
to gastrointestinal mobility and immune function), Helicobacter pylori infection, and im-
paired duodenal mucosal barrier function have been linked with worse FD symptoms [5–7]
(Figure 1).

Figure 1. Pathogenesis of functional dyspepsia (FD). A series of pathogenic factors have been pro-
posed for FD, including central nervous system abnormalities and genetic predisposition, as well
as psychological factors, which have been suggested to interfere with the gut–brain axis function.
Visceral hypersensitivity, impaired gastrointestinal motility, increased epithelial barrier permeabil-
ity of the duodenal mucosa and infections, such as Helicobacter pylori, have been associated with
altered intestinal flora in FD towards immune activation, immune cell infiltration, and low-grade
inflammation.

1.2. Clinical Manifestations

According to the Rome IV criteria for the diagnosis of functional dyspepsia, the main
clinical symptoms include bothersome postprandial fullness, early satiation, epigastric
pain, and/or epigastric burning along with the absence of any structural disease that
may explain the symptoms. Furthermore, the above symptomatology impairs the patient’s
quality of life and emotional health, and creates significant financial burden due to increased
medical expenses and reduced work productivity. [8]. FD symptoms must be present for
a minimum of 3 days a week during the last 3 months, they must be chronic, and start at
least 6 months before diagnosis [9]. FD diagnosis includes an evaluation of the clinical
history, physical examination, minimal laboratory tests, and a normal upper endoscopy. It
is further categorized into epigastric pain syndrome (EPS) and eating-related postprandial
distress syndrome (PDS). PDS is defined by bothersome postprandial fullness, that can
affect typical activities, and/or bothersome early satiation, that can prevent the completion
of a regular-sized meal. EPS is defined by bothersome epigastric pain and/or epigastric
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burning, both severe enough to disturb usual activities. The Rome IV classification involves
not only PDS and EPS, but also their overlap (PDS-EPS overlapped syndrome), which is
observed more frequently in hospital than in the general population [8].

1.3. Medicines

As there is no standard treatment for FD, research on effective therapies is ongoing,
but still needs further confirmation. The acid-suppressive therapy with proton pump
inhibitors (PPIs) is the most common treatment method [10]. Treatment with the tetracyclic
antidepressant mirtazapine improves the quality of life, and buspirone, a serotonin-1A
receptor agonist, can alleviate FD symptoms [11]. Prokinetics facilitate the gastric emptying
rate [12], while amitriptyline, a neuromodulator, seems to be less effective for the treatment
of FD [13]. Finally, the antibiotic rifaximin can change the duodenal microenvironment and
reduce FD symptoms [14].

1.4. Herbal Remedies

Several herbal remedies have been proven effective and safe in FD with comparable
outcomes with conventional treatments, and can serve as complementary and alternative
medicine, especially when first line therapeutic approaches fail or are inaccessible to
patients [9]. Some herbal oils improve PDS and EPS, and improve gastrointestinal symptom
rating scale (GSRS) numbers and quality of life scores [15]. Herbal treatments show anti-
inflammatory effects and contribute to an improvement in the function of gut microbiota,
immune system, central stimuli, and intestinal motility in FD [16]. A systematic review
and meta-analysis of 23 randomized controlled trials (RCTs) comparing the effectiveness
of herbal treatments versus a placebo or other standard treatments for FD found that the
majority of participants (>60%) in the herbal treatment group experienced an improvement
in symptomatology and quality of life, compared to participants in the placebo group [17].
Chinese herbal medicines have been considered an effective alternative to prokinetics,
according to a meta-analysis of 28 RCTs showing that Chinese herbal remedies were
more effective than prokinetics at reducing the overall symptoms [18]. A combination
of three herbs (Trachyspermum ammi L., Anethum graveolens L., and Zataria multiflora
Boiss) may be important in the treatment of FD, as the essential oils were proven more
effective than omeprazole [15]. Similarly, the Japanese Yukgunja-tang, also known as
Rikkunshito, is a mixture of eight herbs that is frequently prescribed in FD [19], and it was
proven more effective in the total clinical efficacy rate in a meta-analysis of 10 studies with
1246 patients, when combined with Western medicine over the use of Western medicine
alone [20]. Additionally, perilla/ginger nutraceuticals have been shown to ameliorate some
FD symptoms, such as epigastric pain, heartburn, and gastric reflux, with minor adverse
events [21]. Artichoke leaf extract supplementation resulted in a greater amelioration
of the multiple correspondence analysis scale compared to a placebo [22], while ginger
accelerated gastric emptying [23]. The use of peppermint and caraway oil, a combination
with unique properties, showed a statistically significant effect in the global improvement
of FD symptoms in a meta-analysis of five RCTs [24]. A unique Greek herbal remedy
known as Chios mastic gum has been shown to alleviate the symptoms of FD when taken
daily for three weeks over a placebo [25]. The Hong Kong index of dyspepsia was used to
assess the efficacy of the mastic treatment.

The current literature review was conducted with the aim of mapping the development
of research on the nutritional aspects of FD during the period beginning on 1 January 2010
and ending on 31 December 2022. The research studies used fulfilled the following criteria:
(1) they assessed the impact of foods, dietary patterns, eating behaviors, and botanicals
on FD, including the relief of FD symptoms as the main outcome, (2) the literature was
published in English, and (3) published from 2010 onwards. Duplicate/in vitro/animal
studies, book chapters, study protocols, case reports, comments, and letters were excluded,
as well as studies that involved multifactorial lifestyle interventions, in which the effects of
dietary factors could not be distinguished from either genetic or lifestyle factors. To be ac-
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curate and trustworthy, the literature search was carried out using the PubMed-MEDLINE
and Scopus databases. The search strategy included the following keywords: “Functional
dyspepsia”, “Epigastric pain syndrome”, “Postprandial distress syndrome” “Nutrition”,
“Diet”, “Foods”, “Dietary patterns”, “Dietary intervention”, “Nutrients”, “Macronutrients”,
and “Micronutrients”. References from the extracted articles and reviews were also used
to complete the data bank. The relevance of the studies was based on the title, abstract,
and the full manuscript, which was reviewed. The search for duplicate publications was
performed using an electronic database, and then the full text of each potentially relevant
study was reviewed to ensure that it was consistent with the search criteria. A specific
table was constructed by the same independent reviewers to facilitate the data extraction
and selection, including the following information: article title, authors’ names, year of
publication, participants’ characteristics, study design, duration of intervention, type of in-
tervention, study outcomes, major findings, and limitations. Additionally, the studies were
grouped according to their design (i.e., food-based intervention and dietary counseling
interventions), and secondly according to the outcome.

2. Certain Foods as Inducers or Suppressants of Functional Dyspepsia Symptoms

Food consumption is the main triggering factor for dyspepsia in most FD patients.
Several studies have reported that the consumption of specific foods may trigger or suppress
FD symptoms. Most commonly reported triggering foods include fatty and spicy foods, soft
drinks, wheat products, products containing caffeine, and alcohol [9]. Studies investigating
foods that may trigger or alleviate symptoms of FD are presented in Table 1.

In the study of Akhondi-Meybodi and colleagues, three hundred and eighty four
patients with FD, who had previously undergone endoscopy, were examined for their
response to 114 foods in terms of relief or aggravation of their symptoms. Symptoms were
most aggravated by sausage and bologna, pickles, vinegar, soft drinks, grains, tea, salt,
pizza, watermelon, red pepper, and macaroni, as well as soft drinks, and acidic fruits [26].
Moreover, the foods that most frequently led to an alleviation of symptoms were apples,
rice, rock candy, bread, caraway seeds, dates, honey, yogurt, quince, and walnuts. The
evidence that particularly spicy foods stimulate FD symptoms has been confirmed by
other studies. A spicy food’s burning sensation is caused by capsaicin found in high
concentrations in chili peppers. Patients with FD who consume capsaicin-containing foods
experience more symptoms than healthy controls or those who consume placebos [27,28].
It has been reported that transient receptor potential vanilloid-1 receptors (TRPV1) interact
with capsaicin to cause the burning sensations, however the G315 polymorphism of the
TRPV1 gene is inversely correlated with FD [29]. The prevalence of FD subtypes did not
vary with the consumption of spicy foods or TRPV1 genotypes in a comparison of symptom
generation according to these two factors, and TRPV1 polymorphisms were not associated
with scores on symptom severity questionnaires, but eating spicy food was associated
with higher scores for retching and stomach fullness [30]. When comparing the nutritional
habits of 168 adults with FD to 135 healthy control subjects, spicy, but also fatty foods,
and carbonated drinks were the most frequently reported food items to cause symptoms.
In postprandial distress syndrome FD, symptoms were more likely to be brought on by
carbonated beverages and legumes [31]. Similarly, the consumption of spicy, hot, raw, or
cold foods, and dairy foods or products has been associated with FD symptoms, while tea
was associated with FD prevention [32]. Canned foods, fast foods, and alcoholic beverages
have also been linked with FD symptoms [33].

Patients with FD commonly report food hypersensitivities to wheat and gluten, a
protein found in wheat. According to an Australian population-based study [34], 29%
of people with FD avoided gluten, and self-reported gluten sensitivity had a significant
association with FD diagnosis. In some cases, gluten-free diets have helped FD patients to
improve their symptoms. Furthermore, in a randomized double-blind placebo-controlled
trial in FD patients, the application of a gluten-free diet resulted in an improvement of
symptoms in 35% of patients, yet only 18% of those patients were confirmed to have this
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sensitivity to gluten, with symptoms reoccurring following a blind gluten challenge [35].
This suggests that other components in wheat-based foods, such as fructans, may induce
FD symptoms.

In sixty patients with FD, a 1-month retrospective food consumption frequency ques-
tionnaire was used to examine fifty-one foods that may stimulate FD symptoms [36]. The
consumption of broccoli, radish, celery, green olives, and olive oil was lower in patients
with increased postprandial fullness. Participants who had more pain in the stomach
reported a lower consumption of dried fruits, green olives, butter, fast food, and alcohol,
but the consumption of sunflower oil was higher. Overall, foods high in fat are often
blamed by patients with FD for making their symptoms worse. Unknown pathophys-
iological mechanisms are responsible for high-fat foods’ ability to cause FD symptoms.
However, cholecystokinin seems to be an important mediator [37]. Consuming fatty foods
can slow down gastric emptying, disrupt gastric motility, and make dyspeptic patients feel
fuller after meals [38]. Despite the known evidence regarding fatty foods, almonds do not
appear to worsen FD symptoms as expected [38]. This effect may be related to the high
content of tryptophan, a precursor of serotonin. Serotonin (5-hydroxytryptamine) is a key
neurotransmitter involved in the regulation of gastrointestinal motility and sensory func-
tion. Indeed, stimulation of 5-HT1 serotonergic receptors induces smooth gastric muscle
contractions that enhances gastric emptying, and appears to improve abdominal symptoms
in patients [39]. However, when examining the brain activity using functional magnetic
resonance imaging (fMRI) following the consumption of high- and low-fat foods with
accurate or inaccurate fat information, researchers discovered that FD patients displayed
more pronounced FD symptoms than healthy controls. These symptoms were less relieved
following the consumption of high-fat yogurt than low-fat yogurt, regardless of the actual
fat content. This suggests that low-fat foods may have a placebo effect or that high-fat foods
may have a nocebo effect on symptom expression [40]. Interestingly, extra-virgin olive
oil enriched with probiotics or antioxidants incorporated blindly into the regular diet of
subjects with FD for seven days, induced a significant improvement in dyspeptic symptoms
in those receiving the probiotic- or antioxidant-enriched oil diet, with the probiotic-enriched
oil having a greater impact [41].

The relationship between coffee consumption and gastroesophageal reflux has been
widely investigated [42–44]. Coffee has been considered a beverage that should be avoided,
as it has been shown to worsen the symptoms of FD [8,26]. Chinese people with FD
have been reported to be more likely to have a preference for coffee [45]. In the study by
Correia et al., the effects of removing and substituting caffeinated or decaffeinated coffee
with a non-caffeinated coffee alternative in the diet of fifty-one patients with FD were
investigated [46]. Using a self-reported questionnaire, this descriptive, quasi-experimental
pre/post intervention study looked at the relationship between functional dyspepsia and
non-caffeinated coffee consumption. A statistically significant reduction in FD symptoms
was reported following a month of consuming the coffee substitute.
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3. Dietary Patterns and Eating Behaviors; Proportions, Variety, Frequency, and
Cooking Habits

The dietary patterns and behavioral parameters examined constitute a multidimen-
sional construct, including diet composition spanning from alimentary selection to the
subsequent development of healthy or disordered eating habits, and ranging from meal
frequency and regularity to cooking techniques. To the best of our knowledge, only a small
percentage of studies provide a solution for to what extent do specific dietary behaviors
influence and ultimately cause susceptibility to dyspeptic symptoms (Table 2).

Despite the difficulty of adhering to a FODMAP diet, Staudacher et al. noticed that
individuals with underlying symptoms of FD and coexisting irritable bowel syndrome,
and who followed a diet limited to FODMAPs, showed a higher reduction in the epigastric
and total symptom score in comparison with those who received personalized dietary
counseling at the discretion of the dietitians who participated in the research [47]. Similarly
to Staudacher et al., Goyal and his team studied the effects of a low FODMAP diet in a
panel of people with persistent FD, and subsequently they compared them to a slightly
restricted standard diet that included an avoidance to spices, soft drinks, tea, coffee, and
alcohol. Both interventions showed a significant remission of symptom severity and quality
of life improvement, although one sub-group analysis of volunteers with postprandial
distress syndrome or bloating were better responders to a low FODMAP regime [48].

Schnabel et al., within the NutriNet-Santé prospective observational cohort study,
examined the interaction of consuming ultra-processed foods in people with various
functional gastrointestinal disorders. Results showed that subjects suffering from FD and
concurrent irritable bowel syndrome have a higher risk of being affected because of the
increased daily amount of ultra-processed foods consumed [49]. In 2034 children and
adolescents with functional gastrointestinal disorders, including FD, approximately 90% of
the subjects reported fast food consumption, and there was a significantly higher prevalence
of a history of functional disorder in fast food consumers, compared to non-consumers [50].
The increased risk of functional disorders was associated with the regular fast food intake.
Ultra-processed and fast foods consist of the core of the Westernized dietary pattern. The
popularity of ultra-processed and fast foods is partly due to their inexpensive and easy to
find nature. However, the high fat content, particularly the trans fatty acid content and the
presence of additives or reaction products owed to processing [51–54] may be linked with
the augmentation of FD symptoms. Similarly, the prevalence of FD in Asia has increased
during the last decades due to the change towards a more Westernized diet, higher in fat-
and lower in carbohydrate-rich foods, whereas the spicy foods in Asian diets are associated
with a higher risk of developing FD [55].
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Quite the opposite, a dietary pattern that appears to be closely related to FD symptom
amelioration is one that contains fruits and vegetables. According to the cross-sectional
study by Tabibian et al., people on a diet rich in fruit have a 32% lower risk of FD, as
well as a lower risk of early satiation and postprandial fullness in comparison with those
on a low fruit diet. Moreover, a high vegetable intake seems to have a beneficial effect
on FD, however, only in male subjects [56]. The same pattern was observed by Zito and
his associates, who also emphasized through their results the importance of adopting a
balanced diet, such as the Mediterranean diet due to its preventive function against FD.
Specifically, a low adherence to the Mediterranean diet is associated with FD mainly in
younger people [57].

Regarding the eating habits of FD subjects, a confusion about the frequency of main
meals and snacks per day prevails in the bibliography. Göktaş et al. did not manage to
demonstrate a significant difference in the frequency of main meals among FD and control
subjects, as both groups had three main meals per day (68.5% and 70.4%, respectively).
Likewise for snack consumption, researchers found no difference in their frequency be-
tween the two groups [31]. These findings corroborate those of Çolak et al., who recently
extrapolated the conclusion that meal frequency had no impact on the triggering of FD
symptoms among FD subjects [36]. Moreover, in a study involving 1139 volunteers, of
whom 936 were healthy subjects and 203 had been diagnosed with FD, Xu et al. [45]
demonstrated that the vast majority of the latter had by far more unhealthy nutritional
habits than the control group (75.86% versus 37.50%, respectively; p < 0.001). It appears
that the number of meals during the day shows an inversely independent relationship
with the occurrence of FD. Hassanzadeh et al. [58] concluded that regularly consuming at
least three main meals per day was not only indissolubly related with a 52% lower chance
of developing FD compared to eating one meal, but also was inversely associated with
the prevalence of early satiety. Similar findings were observed in Yamamoto et al.’s [59]
cross-sectional study, where the risk of FD in subjects who ate one, two, and three meals
daily was 4.8%, 2.2%, and 1.7%, respectively.

Correspondingly, the literature review shows that, three to five snacks per day are
found to be a determinant factor for low FD incidence data, inhibiting alongside both the
occurrence of postprandial discomfort (42%) and epigastric pain symptoms (43%) [58].

Concerning late-night snacking, the findings are controversial, with Xu et al. arguing
that it is an independent triggering factor of postprandial fullness, while Yamamoto et al.
state that there is no correlation with the development of FD. Carvalho et al. claim that
the duration of the overnight fast was significantly longer in subjects with FD than in
the controls, as the former tended to eat dinner earlier. On the contrary, this difference is
equated to daytime fasting [38].

Based on the current literature, another causative agent for the generation of dyspeptic
symptoms is the skipping of one or even more main meals during the day, and depend-
ing on which meal (breakfast, lunch, dinner), there are different impacts on FD and its
subtypes. In particular, Yamamoto et al. claim that FD subjects were more prone to skip
lunch and dinner than the controls, and the habit of omitting breakfast and/or lunch was
independently inversely related to a high incidence of FD symptoms (breakfast: adjusted
OR, 1.60 [95% CI, 1.10–2.32] and lunch: adjusted OR, 2.52 [95% CI, 1.04–5.18]). Contrarily,
researchers did not prove any relation between FD prevalence and skipping dinner [59]. A
more comprehensive description can be found in Xu et al.’s study, that not only confirms the
analogous findings, but also reveals the close association between skipping breakfast and
PDS (18/203) and EPS (13/203) subtypes, but not with their overlapping type (9/203) [45].

Apropos irregular meals and the tendency of dining out, which are positively con-
nected to the generation of FD symptoms, investigators claim that both correlated with
PDS, but only an erratic dinner time was related to EPS and the overlapping subtype [45].
Furthermore, in respect to the possible correlation between sleep and the development of
FD symptoms, researchers did not prove any statistically significant difference between FD
and control subjects who go to bed following a meal [38].
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In regard to meal time or chewing efficiency, and their role in triggering FD symptoms,
Çolak et al. [36] claim that this assertion has no merit, although some clinical studies
demonstrate that subjects with FD are more likely to self-report themselves as fast eaters
than the controls [38,60]. In the same cross-sectional study, the findings indicated that
roasting was the most usual cooking method in subjects experiencing the postprandial
fullness symptoms [36]. Furthermore, compared to both PDS and EPS subtypes, as well as
the control group, the overlapping group appeared to have a significantly higher intra-meal
fluid consumption [31] (Figure 2).

 

No 
standardized 

guidelines 

Dietary patterns

Eating
behaviors

Herbal 
treatments

Foods
Functional 

dyspepsia (FD)

Inducers (fatty, spicy foods, 
soft drinks, wheat products, 
products containing caffeine, 

alcohol)
Suppressants (apples, rice, 
bread, caraway seed, dates, 
honey, yogurt, quince, and 

walnuts)

Herbs, ginger, Mastiha, 
peppermint, caraway- oil
have anti-inflammatory 

effects, contribute to 
improvement in the function 
of gut microbiota, immune 
system, central stimuli and 

intestinal motility in FD

(+) FODMAP diets with 
variations

(-) ultra-processed foods-
Westernized dietary pattern 
(high fat content, additives)
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At least 3 main meals and 3-
5 snacks per day.

Late-night snacking, skipping 
of one or more main meals 

during the day, irregular 
meals, dining out, chewing 

speed and meal duration are 
of moderate importance  

Figure 2. Functional dyspepsia (FD) is considered one of the most common disorders in clinical
practice. Standardized guidelines for the nutritional approach and eating habits of patients with
FD do not exist. However, assessing the impact of foods, dietary patterns, eating behaviors and
botanicals on FD can help, on the one hand, to elucidate the pathophysiology of the disease, and on
the other hand, to improve palliative treatments.

4. Conclusions

Well-structured and standardized guidelines for the nutritional approach and eating
habits of patients with FD do not exist, and randomized controlled trials are few, while most
available evidence comes from observational studies. Hence, although the contribution of
specific foods identified as triggers by FD patients varies, some causal relationships between
specific foods and symptoms have been demonstrated. The retrospective nature of most
studies and the lack of a standardized method for verifying the food-symptom association
accounts for the difficulty in accumulating a definitive list of foods to avoid or foods to
favor. Some of the most frequently reported foods to avoid are fatty foods, processed foods,
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and wheat products. Alike, processed foods and overall the Western dietary pattern, which
includes fatty foods, as these are considered inducers of FD symptoms. Eating small and
frequent meals may be a reasonable suggestion to reduce symptoms, however the evidence
is inadequate and inconsistent. In the future, the improvement in our understanding
of the pathophysiological mechanisms underlying FD might lead to well-designed and
target-driven clinical trials on the effects of foods, dietary patterns, or specific eating habits
in the management of FD.
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