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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-CACEFP 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.
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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 (m?). To estimate
body composition (BE, FEM, 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); y-glutamyl
transferase (y-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 (AIl), 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,
BMLI, physical, smoking, current medication and the other patterns. Adjusted regression
coefficients () 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, 1 (%)
Married 109 (74.6)
Divorced 7 (4.8)
Single 20 (13.7)
Widowed 5(34)
Other 5(34)
Smoking, 1 (%)
No 109 (74.7)
Yes 33 (22.6)
N/A 4(2.7)
Antihypertensive treatment, 11 (%)
No 91 (62.3)
Yes 55 (37.7)
Statins, 1 (%)
No 104 (71.2)
Yes 42 (28.8)
Antidiabetic agents, 1 (%)
No 111 (76.0)
Yes 35 (24.0)
Anthropometric parameters
BMI (kg/m?), 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)
AlI, mean (SD) 54 (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; AlI,
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,



Nutrients 2022, 14, 5064

“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
Western- Mediterranean- Animal Meat
Food Groups Type Like Diet Healthy and Sauces
p JP Pattern
Pattern Pattern 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 0.75
vegetables ’
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, AIl
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 Mediterranean-Like Healthy Animal Meat and
Pattern Diet Pattern Pattern Sauces Pattern
Anthropometrics

B (k) “;" 0030 0047 0501 o001

BE ) r‘;" 0136 0470 0504 0544

B () ﬂ;" 0003 0457 0499 0036
FEM (kg e 0565 0216 oste 0004
TBW k) Y 0226 057 0355 oon2
BMI g/ m?) w 0130 o6 030 0043
WC (em w o028 0381 077 o1
HC(em) r},;o 0102 0310 0470 0236

Biochemical

Urea mg/al) 5 0is 0014 051 0365
Uricacid (mg/a) 1 029 0259 0726 0693
Creainine (mg/aL) )" 0363 01% 0305 0159
Glucose (mg/aty )¢ 0752 051 03 0349
st U/mt) oo 0057 0964 0236
TC (mg/dl) 5 0320 ot 037 076
TG (mg /) 5 0190 ot 0817 0605
HDL (mg/dL) 5 051 oot 0789 0351
LDL (mg/dL) R;O 3 '21704 8.21()15 82'71(? 5.%6();
. S o
sy Mo o ool
AR SR wom
T T
oy B0 v
T S o
L o
TR S W
om0 R
LDH (U/L) Rho 0.04 0.07 0.06 0.03

4 0.712 0.433 0.555 0.719
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Table 3. Cont.

Parameters Western-Type Mediterranean-Like Healthy Animal Meat and
Pattern Diet Pattern Pattern Sauces Pattern
Lifestyle
All Rho 0.19 —0.14 —0.12 0.17
4 0.042 0.120 0.205 0.059
Rho 0.17 —0.21 0.00 0.09
CESD-R p 0.088 0.033 0.991 0.340
Rosenberg Self-Esteem Rho —0.07 0.24 0.07 0.12
scale 14 0.482 0.014 0.443 0.212
Rho —0.03 0.26 —0.07 0.03
Pes-12 p 0.785 0.006 0.444 0.759
Rho —0.15 0.20 0.04 —0.12
MC5-12 14 0.121 0.038 0.679 0.200
IPAQ-SF (total MET- Rho 0.03 0.20 0.05 —0.22
min/week) 4 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;
HG; hip circumference; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density
lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; y-GT, y-glutamyl transferase; ALP,
alkaline phosphatase; Fe, iron; CRP, C-reactive protein; LDH, lactate dehydrogenase; AIl, 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 BYH,
the second was adjusted for age, gender and BMI (3?), the third for age, gender, BMI,
physical activity and smoking status (3%). Finally, a model adjusted for all the above
parameters, plus medication and the scoring for the other three patterns, was applied (B*).
The “Western-type pattern” showed statistically significant positive association with fat
(B* = 4.76, p < 0.001), WC (p* = 4.55, p = 0.009), insulin (3* = 0.23, p = 0.012), ALT (p*
=0.26, p = 0.012) and ALP (#*= 10.91, p = 0.037) and negative association with vitamin
D levels (B* = —0.49, p = 0.037). The “Mediterranean-like diet pattern” was positively
associated with HDL (B = 4.02, p = 0.021), and MCS-12 (3* = 0.87, p = 0.014) and negatively
with CESD-R (p* =—5.52, p = 0.008). Finally, the “Animal meat and sauces” pattern was
positively associated with TBW (3% = 0.18, p = 0.008), FAT (3* = 6.17, p = 0.033), FFM (B* =
0.03, p = 0.034).

11
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Table 4. Association between dietary patterns scores and study parameters.

Western-Type Pattern

i 1 2 B3 B4
Dependent Variables (SE) 4 (SE) p (SE) p (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 (uIU/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 (ug/dL) —0.36 (0.18) 0.040 ~027(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 ~055(0.23)  0.021
All 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 (uIU/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) 434 (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/m?) 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 (ug/dL) —0.42(0.2) 0.041 —0.41 (0.22) 0.067 —0.42 (0.23) 0.067 —040(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

! unadjusted regression coefficient of each pattern (Standard Error), ? regression coefficients of each pattern

adjusted for age, gender and BMI (Standard Error), ® 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). ®
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. BE, body fat; FEM, 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; All, 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 Rodriguez-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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May and September2017
Zhongshan community of SSACB

‘ Anthropometric Characters ‘

body weight, height, waist
circumference, systolic blood
pressure, and diastolic blood
pressure

(n=6299)
‘ Questionnaires Survey ‘ ‘ Biochemical Tests ‘
general information lifestyle behaviors food consumption Biochemical tests
(e.g., age, gender, (e.g., cigarette smoking information 2 mL blood sample for testing
and education level) and tea consumption) (FFQ) HDL, LDL, TG, FBG

Excluded from analysis

missing or abnormal food intake
(n=873)

Final sample
(n=5426)

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/m?) was determined using the formula = weight (kg) / height? (m?), and
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then classified into four categories based on the Working Group on Obesity in China: under-
weight (< 18.5 kg/m?), normal (18.5-23.9 kg/m?), overweight (24.0-27.9 kg/m?), and obesity
(>280kg/ m?). 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 ¢-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.

With MetS Without MetS

Variables (1 = 1219) (n = 4207) p-Value
Gender @ < 0.001
Male 602(49.38) 1404(33.40)
Female 617(50.62) 2803(66.63)
Retirement status @ 0.002
Yes 831(68.17) 2667(63.39)
No 388(31.83) 1540(36.61)
Marital status 2 0.126
Married 1141(93.60) 3883(92.30)
Other 78(6.40) 324(7.70)
Education level 2 < 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 ? < 0.001
No 829(68.01) 3354(79.72)
Yes 390(31.99) 853(20.28)
Alcohol drinking ® <0.001
No 1014(83.18) 3741(88.92)
Yes 205(16.82) 466(11.08)
Tea drinking @ <0.001
No 710(58.24) 2858(67.93)
Yes 509(41.76) 1349(32.07)
Age® 58.31 £8.77 55.39 £ 10.22 <0.001
BMI (kg/m?) P 26.93 £ 3.09 23.95 4 3.00 < 0.001
Energy intake (Kcal/d) ® 1378.17 + 416.41 1393.72 + 434.84 0.267
Physical activity (MET min/week) > 3458.72 4 2207.95 3670.39 + 2157.09 0.003
Waist circumference (cm) P 86.73 + 8.29 77.28 £7.96 <0.001
Fasting blood glucose (mmol/L)® 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) ® 88.34 +11.02 81.10 +10.87 <0.001
Triglycerides (mmol/L) b 294 +1.89 1.50 + 0.83 < 0.001
HDL cholesterol (mmol/L) b 1.06 +0.27 143 +0.29 < 0.001
LDL cholesterol (mmol /L) ® 2.71 £0.98 2.80 £0.78 0.001

Abbreviations: MetS: metabolic syndrome; SD: standard deviation; MET: metabolic equivalent task. * 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 IIT 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 Cluster IT Cluster III Cluster IV
(n =291) (n =1051) (n =2722) (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 6.58 525 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; pirend < 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%ClI: 0.61, 0.91; pirenq = 0.007).

Grain
Salted food 1 Coarse cereals
0.8
0.6 e Factor |
Snacks 0.4 yd N\ SR EgRGhle high protein dietary pattern
= Factor II
Sugared beverages Vegetables grains and vegetables dietary pattern
=== Factor III
coarse cereals and soy products dietary
Eggs Dark vegetables pattern
Factor IV
snacks and beverages dietary pattern
Soy products Fruits Factor V
dairy and fruits dietary pattern
Other seafood

Fish

Meats

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).

. Total With MetS Without MetS a
Dietary Pattern Score, Mean &+ SD (1 = 5426) (1 = 1219) (1 = 4207) p-Value
DASH 148 +1.14 146 +1.13 148 £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. ? p-value for t-test.
Table 4. A posteriori dietary patterns in association with the risk of MetS using non-conditional
logistic regression models.
D P Model 1 Model 2
Method ietary Pattern
ene v OR (95 % CI) p-Value OR (95 % CI) p-Value
Cluster analysis Balanced pattern Reference Reference
Snacks and 0.92 (0.69, 1.23) 0.580 1.06 (0.77, 1.46) 0.718
beverages pattern
Grains and
vegetables pattern 1.03 (0.88, 1.22) 0.699 0.97(0.81,1.17) 0.764
Dairy and fruits 0.66 (0.56, 0.78) <0.001 0.81 (0.66, 0.98) 0.032
pattern
Factor analysis ? 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.

Model 1 Model 2
Method Dietary Pattern
OR (95 % CI) p-Value OR (95 % CI) p-Value
p-value for trend P 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 ® 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 P <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 P 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 P <0.001 0.722

Note: ? 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.

Model 1 Model 2
Dietary Pattern Score
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-kB, 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.

27



Nutrients 2023, 15, 2185

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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