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Preface

This edited volume is a collection of reviewed and relevant research chapters,
concerning the developments within the “Nutrition and HIV/AIDS - Implication
for Treatment, Prevention and Cure” field of study. The book includes scholarly
contributions by various authors and has been edited by an expert in the field. Each
contribution comes as a separate chapter complete in itself but directly related to
the book’s topics and objectives.

The book includes chapters dealing with the following topics: nutritional status and
its effect on treatment outcome among HIV-infected children receiving first-line
antiretroviral therapy in Arba Minch General Hospital and Arba Minch Health
Center, Gamo Zone, Southern Ethiopia: Retrospective Cohort Study; HIV-infected
children and nutrition: the friend and the foe; malnutrition in HIV/AIDS: aetio-
pathogenesis; nutrition habits in people living with HIV/AIDS in Bulgaria: review
of current practice and recommendations; basic principles of nutrition, HIV and
AIDS: making improvements in diet to enhance health.

The target audience comprises scholars and specialists in the field.
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Chapter1

Nutritional Status and Its Effect

on Treatment Outcome among
HIV-Infected Children Receiving

First-Line Antiretroviral Therapy
in Arba Minch General Hospital

and Arba Minch Health Center,
Gamo Zone, Southern Ethiopia:
Retrospective Cohort Study

Negussie Boti Sidemo and Sultan Hussen Hebo

Abstract

Antiretroviral therapy is a drug treatment that plays a great role in reduc-
tion of mortality among children infected with human immunodeficiency virus
(HIV). Studies in Africa have shown that there is short survival time among
children receiving antiretroviral therapy. The aims of this study were to estimate
the survival time and identify associated factors among HIV-infected children
after initiation of antiretroviral therapy. Institution-based retrospective cohort
study was conducted among 421 children. Cox proportional hazards regression
model was used to determine independent predictors. Findings of this study
reveal that 261 (62%) children were alive, 43 (10.2%) were lost to follow-up, 52
(12.4%) were transferred out to other facilities, and 65 (15.4%) were reported
to have died, and overall prevalence of malnutrition among respondents was
23.7% (95% CI, 19.13-28.27%). Multivariable analysis showed that nutritional
status (adjusted hazard ratio (AHR) = 4.1, 95% CI = 2.41-6.9), absolute CD4
count below threshold (AHR = 2.3, 95% CI = 1.32-3.88), fair and poor adher-
ence to antiretroviral therapy (AHR = 0.4, 95% CI = 1.66-6.9), (AHR = 3.3, 95%
CI = 1.73-6.23), isoniazid prophylaxis (AHR = 0.4, 95%, CI = 0.21-0.65), and
co-trimoxazole prophylaxis (AHR = 0.3, 95% CI = 0.14-0.44) were independent
predictors of the survival time. Therefore, children living with HIV should be
encouraged to adhere to the antiretroviral therapy and take co-trimoxazole and
isoniazid preventive therapies.

Keywords: antiretroviral therapy, co-trimoxazole preventive therapy,
isoniazid preventive therapy, children, Ethiopia
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1. Introduction

Acquired immune deficiency syndrome (AIDS) is a disease caused by a retro-
virus known as human immunodeficiency virus (HIV) [1]. HIV/AIDS remains one
of the world’s most significant public health challenges, particularly in low- and
middle-income countries [2]. Children constitute a segment of the population
affected by the virus. HIV contributes to illness and death of children and is the
commonest cause for pediatric hospital admission [3].

Of the total 1.8 million children living with HIV, an estimated 110,000 die of
AIDS-related illnesses each year which means 290 children die of AIDS-related
illnesses every day. Nearly 90% of HIV-infected children live in sub-Saharan Africa
(SSA) [4]. In Ethiopia it is estimated that 65,088 children are living with HIV. In
2016, over 3100 children died due to AIDS-related illness [5].

The introduction of antiretroviral therapy (ART) presented an enormous
opportunity in terms of reducing morbidity and mortality due to AIDS, worldwide.
Ethiopia has been engaged in the scale-up of ART access to its people since 2005 [6].
It has been shown that the improvement in access to ART improves the quality of
life and survival of children [7, 8].

Studies show that early access to ART could prevent 25% of HIV-related deaths
[7-9]. Therefore, to reduce child mortality attributed to HIV/AIDS, the provision
of comprehensive treatment, care, and support for HIV-infected children is very
important.

Ethiopia has adopted the World Health Organizations (WHO) recommenda-
tions for ART where “regardless of their CD4 cell count, all HIV-infected individu-
als should start treatment to reduce morbidity and mortality associated with HIV
infection” [3]. The number of sites providing ART service in Ethiopia, including
both public and private facilities, has increased from 3 to over 1000, and persons
initiated on treatment has increased from 24,000 to 308,000 during the period
2006-2016 with more than 23,400 children under the age of 15 taking antiretroviral
drugs [10].

Survival of HIV-positive children in Ethiopia and other similar settings has
improved as a result of increased access to ART; however, it is still low in the
first 6 months after initiation of ART [11]. Reports from Kenya, Zambia, and
Malawi show that death among HIV-positive children following ART initiation
remains high, ranging from 7.5 to 15% [12-14]. This contrasts the substantially
higher survival probability among HIV-positive children initiated on ART in
developed countries [15]. Findings from other studies elsewhere in Africa and
other low-income countries show that ART programs have resulted in decreased
mortality among children on ART [16-18]. Available evidences also depicted
that the survival of the children is not only affected by the care delivered by
ART programs but also more fundamentally influenced by low CD4 count,
advanced disease according to WHO staging, low hemoglobin (Hgb) level,
and opportunistic infections (OIs) like bacterial pneumonia and tuberculosis
[19-21]. However, as far as our search of the available literature has revealed,
little is known about the effect of factors like viral load, nutritional status, co-
trimoxazole (CTZ) preventive therapy (CPT), and isoniazid (INH) preventive
therapy (IPT) on survival status of children below 15 years of age. Therefore,
this study intended to estimate the survival time and identify associated factors
by including viral load, nutritional status, CPT, and IPT among HIV-infected
children initiated on ART in public health facilities in Arba Minch town,
Southern Ethiopia.



Nutritional Status and Its Effect on Treatment Outcome among HIV-Infected Children Receiving...
DOI: http://dx.doi.org/10.5772/intechopen.85851

2. Main body
2.1 Patients and methods

Study area and period: We conducted the study in Arba Minch town from March
20, 2017 to April 10, 2017. Arba Minch town is located about 495 km southwest of
the capital city Addis Ababa and about 275 km from Hawassa, the capital of the
Southern Nations, Nationalities, and Peoples’ Region (SNNPR). Arba Minch town
has one general hospital and one public health center, which provide ART service.
Arba Minch Hospital was among the first few public hospitals to start ART in
Ethiopia in August 2003. Arba Minch Health Center started ART service at the end
of 2007. According to the Gamo Gofa Zone Health Department (ZHD) report, the
Arba Minch Hospital and Arba Minch Health Center provide HIV/AIDS interven-
tions, including free diagnostic, treatment, and monitoring services. Since August
2003, ART has been provided to children living with HIV regardless of CD4 count
and WHO clinical stage, with financial support from the Norwegian Lutheran
Mission. Data from ZHD show that a total of 664 children with HIV/AIDS were
enrolled on chronic HIV care at the hospital and the health center since January
2009, but only 608 started ART (460 children at Arba Minch General Hospital and
148 children at Arba Minch Health Center) [22].

Study design: A health facility-based retrospective cohort study.

Source populations: All children living with HIV who were enrolled on first-
line ART at the center.

Study populations: All children living with HIV who were enrolled on first-line
ART at the center and who fulfill the inclusion criteria.

Inclusion criteria: Those who were aged <18 years and enrolled on first-line
ART and have follow-up at Arba Minch General Hospital and Health Center.

Sample size determination: The sample size was calculated by applying a
two-population proportion formula using Epi-Info version 7. Co-trimoxazole
preventive therapy, tuberculosis (TB) co-infection at baseline, and anemia were
considered, and taking the most significant predictors of the three variables,
anemia was used [17] with the following assumptions: 95% CI, power 80%,
ratio of unexposed to exposed 1:1, parameter outcome in exposed hemoglobin
(Hgb) <10 gm/dl = 14.7%, outcome in unexposed Hgb > 10 gm/dl = 5.8%, and
hazard ratio (HR) = 2.5. This resulted in sample size of 412 children. As there were
a total of 421 children in the study area who fulfilled the inclusion criteria, we
included all 421 in this study.

Sampling procedure and sampling technique: A total of 608 children who started
ART during the study period were identified in the two ART clinics. Charts were
organized according to the hospital card number, in a chronological order, with
each chart representing one child. As some of the charts in the hospital were not
arranged in numerical order, the investigator assigned new numbers for all those
registered between 2009 and 2016, starting from 1 to 608. Of these, the investigator
drew 421 samples which fulfilled the inclusion criteria after reviewing the informa-
tion transcribed to the pre-structured data abstraction form; 187 individuals did not
fulfill the inclusion criteria; therefore, those charts were excluded from the study.
Children <14 years of age and on ART registered for chronic care at public health
institutions of Arba Minch town from 1 January 2009 to 30 December 2016 were
included in the study. Those whose cards were incomplete with information on
baseline CD4 count, WHICH staging and date of ART start and current status were
excluded from the study.
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2.2 Variables in the study

Dependent variable: The response (outcome) variable in this study was “survival
time” of HIV-infected children after starting ART.

Independent variables: The predictor variables included five continuous covari-
ates (age, hemoglobin level, weight, height, and CD4 count) and nine categorical
variables (gender, co-trimoxazole prophylaxis, TB co-infection status, isoniazid
prophylaxis, functional status, clinical stage of the disease according to WHO scal-
ing, type of ART drug, adherence to ART, and year of ART initiation).

2.3 Operational definition of terms

Censored: includes lost to follow-up, transfer out, and live beyond the study time.

Adherence to ART: assessed by counting the number of tablets the children miss
within the first 3 months after starting ART.

Survival: absence of experience of death.

Survival time: the length of time in months a child was followed up from the time
the child started ART until death, was lost to follow-up, or was still on follow-up.

3. Data collection procedure and data quality control

A structured interviewer-administered questionnaire was used to collect the
data [23-25]. The questionnaire was primarily developed in English and then
translated into Amharic language for simplicity of data collection. Then Ambharic
version was also back-translated to English language for its consistency by two
different language experts. The data collection tool has four sections. Pretesting of
the data collection tool was done on 17 individuals who were selected from Berber
Health Center that were not included in the actual study. Based on the pretest, a
data collection tool was corrected to ensure logical sequence, clarity, and skipping
patterns. Data was collected by eight trained health professionals and supervised
by two bachelor degree health professionals. All data collectors and supervisors
were trained for 2 days and performed practical exercises to be familiar with the
questionnaire. Exit interview was done. The participants’ weight was measured in
kilograms with 0.2 kg increments using standard beam balance, and the scale was
checked at zero during measurement. The study participant was removing their
heavy outer clothes and shoes. The participant height was measured using the stan-
dard measuring scale to the nearest 0.5 cm. The participants were asked to take off
their shoes, stand erect, and look straight in vertical plain. The data collectors were
regularly supervised for proper data collection as well as checked for completeness
and consistency throughout data collection period.

Data processing and analysis: The completeness and consistency of the data
was checked, coded, and double entered into Epi-info version 7 and exported to
Statistical Package for Social Sciences (SPSS) version 20 for analysis. Exploratory
data analysis was carried out to check the levels of missing values and presence
of influential outliers. Descriptive statistics such as mean (standard deviation),
frequencies, and proportions were used to describe the characteristics of the cohort.
Kaplan-Meier survival curve together with log-rank test was used to assess survival
experience of an individual at specific times and to compare survival between dif-
ferent independent variables.

The analysis was conducted in several steps. First, univariate Cox propor-
tional hazard regression model was performed for each independent variable
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and outcome of interest to identify potentially significant variables for consid-
eration in the multivariable Cox proportional hazards regression model. Based
on the univariate analysis, variables were selected for the multivariable analysis.
Variables whose univariate significance test results were below p-value <0.25
were included in the multivariable regression model. In addition, context and
findings of previous studies were considered in the identification of candidate
variables for multivariable analysis.

Multivariable analysis was started with a model containing all of the selected
variables. The model was built through a stepwise regression procedure, which
added variables successively (the most significant at each step) until no variable
added significant information and compared by likelihood ratio test and Harrell’s
concordance statistic test. Interactions and confounders were tested and the cutoff
point of beta change greater than 20% was used. The results of the final model were
expressed in terms of hazard ratio with 95% confidence intervals (CI) and inter-
preted accordingly. Kaplan-Meier survival curve together with log-rank test was
used to check for the existence of any significant differences in survival between the
various categories of variables considered in this study. Statistical significance was
declared if the p-value was less than 0.05.

Ethical considerations: Ethical approval was obtained from the ethical review
committee of Arba Minch University, College of Medicine and Health Sciences,
with reference number CMHS/4268/09. Following the approval, an official letter
of cooperation was written to concerned bodies by the Department of Public
Health of Arba Minch University. Permission was granted from the Hospital
and Health Center Administration as per the recommendation letter from the
department. Personal identifiers were excluded during data extraction; rather
codes were used. Considering the study was being conducted on secondary data,
obtaining informed consents from the participants was not possible. However, the
confidentiality of information was maintained by not recording their name from
the chart, and the recorded data were not accessed by a third person except by the
principal investigator.

4, Results

Baseline characteristics of the study participant: A total of 421 study participants
(children under 15 years old) were included in the study. The sample is comprised
of 241 (57.2%) males and 180 (42.8%) females. The ages of the cohort at ART
initiation ranged from 3 to 168 months with a median age of 72 (IQR = 33-108)
months. Based on WHO clinical staging, 196 (47%) children initiated ART at an
advanced stage of the disease, i.e., WHO clinical stage III or IV. During the ART
initiation, 139 (33%) children were affected by one or more opportunistic ill-
ness, of which 41 children were found to have died at the end of the study. Sixty
(14.3%) had history of TB at the start of ART, and 36 died during the follow-up
time. At the initiation of ART, mean (SD) value for weight of children was 18.6
(+9.65) kg, and mean (SD) value for height of the cohort was 110.8 (+32.19)
cm. The baseline median value for Hgb was 10.9 (IQR = 8.8-12.3) g/dl, and 181
(43.1%) of the children had absolute CD4 count below threshold for immune
deficiency at initiation of ART.

Among the reviewed participants, 410(97.4%) were on first-line ART regimen,
while the rest were started on second line. Concerning the type of ART regimens,
around 61% of children were taking D4T-based drug regimens when they started
the treatment (Table 1).
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Variables Categories Frequency Percent

Sex Male 241 57.2
Female 180 428

Age category <1year 30 71
1-4 years 169 40.1

5-14 years 222 52.7

Primary caregiver Parents 268 63.7
Relatives 119 283

Guardian/orphan 34 8.0

Parental status Both parents are alive 260 61.8
Maternal orphan 45 10.9

Paternal orphan 31 74

Double orphan 84 19.9

WHO clinical staging at entry Stage 91 216
Stage I 135 321

Stage I1I 147 349

Stage IV 48 114

TB at baseline Yes 60 143
No 361 85.7

Hemoglobin level at baseline <10 gm/dl 78 185
>10 gm/dl 343 815

Absolute CD4 at baseline CD4 above threshold 239 56.9
CD4 below threshold 181 431

ART adherence status Good 335 79.6
Fair 33 78

Poor 53 126

CTZ prophylaxis Yes 314 74.6
No 107 254

INH prophylaxis Yes 302 717
No 119 283

Table 1.

Demographic and clinical chavacteristics and chemoprophylaxis status among children on antivetroviral
treatment at Arba Minch Hospital and Health Centey, Southern Ethiopia, 2017.

5. Mean survival time after initiation of ART

After initiation of ART, children were followed up for a minimum of 1 and maxi-
mum of 95 months with median follow-up period of 50 (IQR = 24-80) months. At
the end of follow-up, 261 (62%) of the children were alive, 43 (10.2%) were lost to
follow-up, 52 (12.4%) were transferred out to other facilities, and 65 (15.4%) were
reported dead. The overall mean estimated survival time after ART initiation of
children in the study was 82.3 (95% CI = 79.48-85.14) months.

There is a significantly different survival time between different factors con-
sidered in this study. Females have relatively lower survival time of 79.3 months
than males with 84.6 months. Children 1-4 years of age had higher survival time of
86.8 months than those less than 1 and 5-14 years of age who had a mean survival
time of 69.3 and 80.8 months, respectively.
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6. Comparison of survival curves

The overall Kaplan-Meier survivor function estimate showed that most of the
deaths occurred in the earlier months of ART initiation, which declined in the later
months of follow-up. Most of the graphs did not show differences between differ-
ent categories. However, relatively larger gaps are observed in covariates such as
WHO clinical stage, TB co-infection, low Hgb level (<10gm/dl), and CTZ and INH
prophylaxes (Figures 1 and 2).
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Figure 1.
The plot of the overall estimate of Kaplan-Meier survivor function among childven on ART at public health
facilities of Avba Minch town, Southern Ethiopia, 2017.
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Figure 2.
Survival curves for children on ART by WHO clinical stage, hemoglobin level, and TB co-infection after start
on ART at public health facilities in Arba Minch town, 2017.

7. Results of the Cox proportional hazards regression model

One important predictor of low survival time in univariable Cox regression
analysis was advanced WHO staging. The risk of low survival chance in individuals
with advanced disease according to WHO staging at baseline was nearly 4 times
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Covariate/factor Categories CHR P-values
Sex Male
Female 1.617 0.053"
Age group <1year
1-4 years 1.259 0.336
5-14 years 0.655 0.069*
Nutritional status Normal
Underweight 1.903 0.010*
Anemia No
Yes 2.702 0.001*
Absolute CD4 count Above threshold
Below threshold 1.293 0.041
INH prophylaxis No
Yes 0.408 0.001
CTZ prophylaxis No
Yes 0.348 0.001*
ART adherence on follow-up Good
Fair 6.256 0.001*
Poor 5.937 0.001
WHO clinical staging at entry Stage I'and I
Stage III 2.360 0.009*
Stage IV 10.412 0.001
Functional status Working
Ambulatory 1.302 0.350
Bedridden 1.375 0.392
ART regimens at entry D4t-based regimen 0.294 0.420
AZT-based regimen 0.513 0.290
TDF-based regimen 0.562 0.404

Second-line ART

Evidence of TB during follow-up Yes 1.383 0.050*

No

Note: CTZ, Cotrimoxazole; ART, antivetroviral therapy; INH, isoniazid; TB, tuberculosis; OI, opportunistic Infections,
*p < 0.25 which ave candidate for Multivariate Cox regression model.

Table 2.
Univariable Cox regression analysis of sociodemographic characteristics and clinical and immunological status
among children who were started on ART at public health facilities of Arba Minch town, 2017.

higher than that of those at the mild stage of the disease (P < 0.001). The risk of
surviving a shorter time in individuals who had severe acute malnutrition (SAM) at
baseline was nearly 2.5 times higher when compared to those with no malnutrition
(P < 0.006). Patients with baseline opportunistic infections (OIs) survive nearly
three 3 times shorter than those without OlIs (P < 0.001), and children with TB
co-infection were nearly 11 times more likely to survive shorter when compared to
those without TB co-infection (P < 0.001). The risk of surviving at short duration
was significantly higher with low hemoglobin level (CHR = 7.3, 95% CI = 4.47-11.9,
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Covariate Categories AHR P-values

Nutritional status Normal 1
Underweight 4.08 0.001

Absolute CD4 count Above threshold 1
Below threshold 226 0.003

INH prophylaxis No 1
Yes 0.37 0.001

CTZ prophylaxis No 1
Yes 0.25 0.001

ART adherence on follow-up Good 1
Fair 3.39 0.001
Poor 3.28 0.001

Table 3.

Multivariable Cox regression analysis of sociodemographic characteristics and clinical and immunological
status among childven on ART at public health facilities of Arba Minch town, 2017.

P = 0.001) and CD4 count below the threshold (CHR = 1.7, 95% CI = 1.02-2.74,

P = 0.041) when starting ART compared to their counterparts. CTZ and INH had
preventive effect against surviving for short duration (CHR = 0.2, 95% CI = 0.10-
0.27 P = 0.001) and (CHR = 0.1, 95% CI = 0.07-0.20 P = 0.001) when compared to
their counterparts throughout the follow-up period, respectively (Table 2).

In multivariable Cox regression analysis, children with CD4 count below
threshold for immunodeficiency at ART initiation were 2.3 times (AHR = 2.26, 95%
CI =1.32-3.88, P = 0.003) more likely to survive at shorter duration as compared to
those with CD4 count above threshold. Children with low weight for age (under-
weight) at ART initiation were almost 4 times (AHR = 4.1, 95% CI = 2.41-6.9,

P = 0.001) more likely to survive at shorter duration as compared to those with
normal weight. Children that were presented for treatment with fair ART adherence
and poor ART adherence were on follow-up 3.4 times (AHR = 3.4, 95% CI = 1.66—
6.9, P = 0.001) and 3.3 times (AHR = 3.3, 95% CI = 1.73-6.23, P = 0.001) and more
likely to survive at shorter duration, respectively, as compared to those with good
adherence on follow-up. Estimated AHR for children on INH prophylaxis and CTZ
prophylaxis were 0.4 (95% CI = 0.21-0.65, P = 0.001) and 0.3 (95% CI = 0.14-0.44,
P = 0.001); short duration survival hazard among children who took INH prophy-
laxis was 63% and CTZ prophylaxis 75% (Table 3).

8. Discussion

In this study the overall mean survival time was 82.3 months (95% CI: 79.48-
85.14). The cumulative probability of survival of children on ART was 82.9% after
5 years (95% CI: 78.2%-86.7%). The major factors that affect the survival time of
children with HIV/AIDS and on ART are nutritional status, absolute CD4 count
below threshold, and poor/fair adherence to ART. Isoniazid prophylaxis and co-
trimoxazole prophylaxis were preventive factors.

Mean survival time in our cohort was 82.3 months (95% CI = 79.48-85.14).

This was in line with the finding of a study conducted in Southwest Ethiopia

[83 months (95% CI = 79-87)] [26]. However, our finding was higher when com-
pared with study conducted in Northwest Ethiopia, which reported a survival time
of 56.5 months [20]. This difference might be associated with the high proportion
(74.3%) of children in this study taking CTZ prophylaxis as compared to the finding

9
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of the study conducted in Northwest Ethiopia (52.3-70.4%), and the difference
might also be associated with increased access to ART services.

The cumulative probability of survival of children on ART in our study was
82.9% after 5 years (95% CI: 78.2-86.7%). This was comparable with the report of
a study conducted in Felege Hiwot Referral Hospital, Bahir Dar, Northern Ethiopia
(83%) [27] and another one in Northwest Ethiopia (83%) [20]. However the cumu-
lative survival probability from our study was much lower than that of the reports
from Adama Referral Hospital and Medical College, Central Ethiopia (91.6%) [19],
and Wolaita zone health facilities, Southern Ethiopia (92%) [20]. These variations
between our study and those from central and Southern Ethiopia may have some-
thing to do with the variation in the quality of care provided at different institutions.

In this study we found that having CD4 cell count below the threshold level was sig-
nificantly associated with an increased probability of having short duration of survival
among the children. This concurs with the findings of different studies previously
done in Ethiopia [20, 28]. The similarity might be related to the fact that children, in
our series, with absolute CD4 counts below the threshold level are more prone to Ols
like TB. Another possible explanation could be ART was initiated in an advanced HIV
stage (stages IIl and IV) where immunity of the children was already compromised.

Another covariate that had a significant effect on survival time was adherence
to ART. The HR for poor adherence was 2.1 times, and the HR for fair adherence
was 2.2 times more likely to result in short duration of survival compared to chil-
dren with good adherence. This finding was supported by studies conducted in
Northwest Ethiopia [28] and Wolaita zone health facilities [20]. The poor adherence
might be due to insufficient counseling and education of caregiver/patient.

The initiation of CTZ and INH at the start of ART in our cohort was associated
with a longer duration of survival. This finding concurred with that of the studies
conducted in Felege Hiwot Referral Hospital, Northern Ethiopia [20], and rural
Mozambique [29]. The possible reason for higher risk of shorter survival time
among children who did not receive CTZ at ART initiation could be due to occur-
rence of Ols such as Pneumocystis pneumonia, toxoplasmosis, bacterial pneumonia,
sepsis, and diarrhea. Co-trimoxazole prophylaxis should be given at the initiation
of ART to reduce OI and associated short duration survival among HIV-positive
children on ART, thereby improving their survival.

The hazards of short survival time for children on INH prophylaxis was 0.38,
which means that, in those children who take INH prophylaxis, the hazard of short
duration of survival was reduced by 62%. This finding corroborates the finding of
the study conducted in Mizan-Aman General Hospital, in Southern Ethiopia [26],
and that of a double blinded, placebo-controlled trial on INH efficacy among HIV
children infected in Cape Town, South Africa [30]. A possible reason could be INH
prophylactic therapy (IPT) prevented the occurrence of TB.

There are some strengths and limitations of this study. The strengths of this study
are the use of standard measurements which enabled to make the comparison of
findings with other national and international literatures to be valid. In addition,
considering long duration of follow-up period of children on ART and the inclusion
of important predictors like CTZ, INH and nutritional status also add to the strength
to this study. Since our study is retrospective based on available records, excluding
those with incomplete information, survival time might be underestimated.

9. Conclusion

In general, this study showed that the probability of survival of children on ART
was 73.9% after 96 months and the overall mean survival time was 82.3 months.
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The main independent predictors of the survival time were nutritional status,
absolute CD4 count below threshold, poor/fair adherence to ART, and absence

of INH prophylaxis and CTZ prophylaxis. However, sex, age, advanced disease
according to WHO clinical stage, and presence of TB at baseline were not predictors
of survival time. Therefore, children living with HIV should be encouraged to take
prophylaxis drugs like CTZ and INH. This could be achieved by collective efforts

of all concerned bodies on high-risk groups such as children with OI especially TB
after initiation of ART and a careful monitoring and follow-up of the children.
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Abstract

The impact of nutrition on HIV-infected children has been evaluated in
multiple studies. Our review of the current trends of nutrition-related studies
revealed that the focus has moved from simply the disease consequences of HIV to
ensuring that antiretroviral therapy-treated children are well nourished to ensure
growth and development. This update aims to present the state of the art regard-
ing nutrition of HIV-infected children and the real potential for nutrition to serve
as a dynamic therapy in this group. Recent World Health Organization reports
indicate that the HIV/AIDS disease is curbing in incidence worldwide despite the
high 1.8 million children, less than 15 years, reported in 2017. In addition, the
literature supports the complexity and bidirectional relation between nutrition
and HIV. HIV infection has a substantial effect on the nutritional status, in par-
ticular, the gastrointestinal side effects, which, in turn, have a profound impact on
HIV infection. Advances in the field have transformed the course of the disease
into a chronic illness, where more attention was given to lifestyle and quality of life
including nutrition. However, achievement of food security, nutrition accessibility,
and appropriate handling of nutrition-related complications of HIV infection are
remarkable challenges, particularly, in resource poor environments, where most
HIV infections exist.

Keywords: HIV/AIDS, HIV-infected children, nutrition in HIV, nutrition for children,
adjunct therapy for HIV

1. Introduction

Good nutrition is essential for normal growth and development of children,
and it is a vital component associated with overall health. Children infected with
HIV have known increased nutrient needs to maintain optimal nutrition status.

In addition, the focus of nutrition interventions has moved over the past two
decades, from simply supporting the patient to ensuring that the treated children
are well nourished, since they have the additional nutritional demands of growth
and development [1]. Related studies have also shown that nutrition is not only an
adjunct therapy but potentially a primary therapy in locations with limited access to
antivirals [2].

It is also well established that HIV infection has a substantial impact on nutri-
tional status and that nutritional status has a profound effect on the course of HIV
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infection [3]. The gastrointestinal side effects of HIV treatments have been well
described in the literature [4].

Advances in screening and treatment modalities have decreased incidence and
have transformed the course of this disease into a chronic illness [4]. In this respect,
more attention has been given to the quality-of-life issues such as nutrition [3]. Itis
important to note that the nutrition-related complications of HIV infections, espe-
cially the achievement of food and nutrition security, are remarkable challenges,
particularly, in countries of poor resources, where most HIV-infections exist. In
addition, children on highly active antiretroviral therapy (HAART) require higher
levels of nutritional supplementation, in particular during the initiation period of
the treatment [5]. To deal with such issues, a series of guidelines have been devel-
oped by WHO and professional societies. However, the adherence to such guide-
lines has been reported to have encountered many obstacles in different countries.

2. Epidemiology of HIV/AIDS in children

Despite the fact that the HIV/AIDS pandemic is curbing, in 2017, there were
36.9 million people living with HIV (35.1 million adults and 1.8 million children
<15 years). Only 52% of children living with HIV were receiving lifelong antiretro-
viral therapy (ART). In addition, 940,000 people died from AIDS-related illnesses
in 2017, while AIDS-related deaths have been reduced by more than 51% since the
peak in 2004 [6].

It is well established that without treatment, HIV infection causes progressive
immunosuppression, due to HIV virus-mediated depletion of CD4+ lymphocytes,
leaving patients at risk of developing opportunistic infections and other HIV-
related disorders [7, 8]. Since the mid-1990s, the introduction of highly active
antiretroviral therapy (HAART) has remarkably influenced the epidemiology of
pediatric HIV type 1 infection [9]. Consequently, the prognosis of HIV-infected
children has markedly improved, both in terms of mortality and morbidity [9, 10].

The mother-to-child transmission (MTCT) was basically the focus for develop-
ing new and innovative strategies to prevent vertical transmission. In the absence of
preventive measures, the risk of transmission is pretty significant as it ranges between
15 and 40%. Multiple factors affect the rate of MCTC transmission; they include
maternal viral load and duration of exposure. The viral transfer is also enhanced
in the presence of breast lesions or vaginal delivery. In western countries (USA and
Europe), the MTCT has dropped to less than 1% in the last 10 years [8]. Such a decline
is basically due to the implementation of new HIV management guidelines, which
include (a) antenatal testing, (b) antiviral prophylaxis early in pregnancy, (c) elective
cesarean delivery before labor, and (d) avoidance of breast feeding [8, 11].

Two developments have had the greatest impact on the outcome of pediatric
HIV infection:

* The availability and use of highly effective, combination antiretroviral therapy
(ART) and

* The early initiation of ART in HIV-infected infants [11]. Although the mortality
rate in HIV-infected children is still considerably higher than the pediatric general
population, it has decreased to 0.5-0.9 per 100 children per year in recent years [9].

Mortality rates in resource-limited environments were 4.5, 6.9, and 7.7% at 1, 2,

and 3 years, respectively. These rates are similar to those observed among children in
developed settings [12]. Despite these encouraging results and increasing access to
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ART, mortality remains high for HIV-infected children in low- and middle-income
countries. Risk factors for mortality in the first year of ART treatment include young
age, low CD4 percent, advanced clinical disease, anemia, and low weight for age

[13, 14]. In resource-limited countries, HIV can infect the most productive family
members, especially parents, reducing agricultural production and the economic
capacity of the household, causing insecure provision of food for children [2].

3. HIV infection and malnutrition in children

The cooccurrence of HIV and malnutrition together increases comorbidi-
ties and mortality in affected individuals [15]. Severe acute malnutrition (SAM)
is of particular concern in children with HIV [1]. SAM is defined by the World
Health Organization (WHO) as a weight-for-height z-score of less than —3, or
a mid-upper arm circumference (MUAC) of less than 11.5 cm in children aged
6 months to 5 years. It can present as either marasmus (protein energy malnutrition
nonedematous), kwashiorkor (edematous disease), or as marasmic-kwashiorkor.
However, marasmus is seen more commonly in HIV-positive children. Although the
prevalence of children with HIV and severe acute malnutrition (SAM) is variable,
mortality from SAM is more than three times higher in HIV-positive children than
HIV-negative children. In addition, they have a higher risk of infectious comorbidi-
ties and complications [15-17]. Nine out of 10 studies on HIV-infected children,
conducted in countries with limited food resources, described low height for age,
and all 10 studies reported poor weight gain. Such malnutrition was described
under several forms:

¢ Chronic malnutrition: In this category, there is small height for age caused by
several in utero infections. Such infections, which can also occur in early childhood,
could be coupled with other deficiencies. Such malnutrition has a significant impact
on the normal development of 39% or 56 million children less than 5 years [18].

* Acute malnutrition: In this form, there is low weight for height resulting from a
recent infection or a deficiency, whereby vital functions are impaired, leading
to more mortality. However, the situation could be reversed with the appropri-
ate nutritional support. It affects 9% or 13 million children less than 5 years in
sub-Saharan Africa [18].

* Underweight: In this group, there is also low weight for age. The child is thin,
and it is hard to differentiate it from the two other groups. However, it could
be considered as an indicator to follow up on the nutritional status of a child.
It has been reported to impact 21% of children below 5 years of age in sub-
Saharan Africa (30 million children). In brief, wide regional disparities have
been reported in the prevalence of malnutrition in individuals infected with
HIV. West and Central Africa are among the most impacted by underweight
and acute malnutrition (22 and 11%, respectively), while the highest chronic
malnutrition rates are found in East Africa 42% [18].

4. Malnutrition and the immune system
The relationship between malnutrition and HIV in children is complex. These

two conditions interact and can create a vicious circle of poor health outcomes.
Moreover, multiple studies have documented the positive effect of appropriate
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HIV-infected (n = 16) HIV-negative (n = 46) p-Value
Mean + SEM
Fatty acid metabolites
* NEFA (mmol/L) 0.65+0.10 0.54+0.06 0.285
¢ Total ketones (pmol/L) 826 + 259 424 + 95 0.0387
Acylcarnitines
e C2 (pmol/L) 223+35 144 £24 0.0103
* Even-chain acylcarnitine 24.0+3.7 16.0 £ 2.6 0.0108
molar sum (pmol/L)
Hormones
¢ Insulin (uIU/ml) 1.81+0.48 245+ 0.45 0.321
* Growth hormone (ng/ml) 124+27 11.0+13 0.380
Adipocytokines n=13 n=46
* Leptin (pg/ml) 69.8 +26.6 292+52 0.0163
* Total adiponectin (ng/ml) 8049 + 1081 15,268 + 1133 0.0017
* HMW adiponectin (ng/ml) 4409 + 757 9356 + 761 0.0014
Amino acids
¢ Alanine 153 + 274 217 £ 16.2 0.0330
* Valine 100 +10.7 756+ 63 0.0248
* Phenylalanine 796 +77 43.0+45 0.0067
* Amino acid molar sum 1230 + 62 1190 + 51 0417
(pmol/L)
Inflammatory cytokines
+ IL-2 (pg/ml) 77427 36412 0.0158
* TNF-a (pg/ml) 43.0+55 374 +95 0.0248
Other
¢ Glucose (mg/dl) 77179 859 +39 0.474
* Creatinine (mg/dl) 0.30 + 0.04 0.27 + 0.03 0.296
* Triglycerides (mg/dl) 1776 + 14.0 1229 +12.2 0.0008
*Excludes patients on ARVs.
Adapted from [22].
Table 1.

Relevant baseline metabolic profile of HIV-infected and HIV-negative patients. Bold values denote statistical
significance at the p<o0.05 level.

nutrition of vitamins and antioxidants, cofactors of metabolic pathways, in enhanc-
ing and potentiating the immune system. On the other hand, malnutrition has also
been implicated in impairing immunity, which could even lead to an immunode-
ficiency status with degraded lymphoid tissue containing lower concentrations of
CD4 cells, target of HIV [5, 15]. In such a weak or deficient immune system, the
ability to combat infections is reduced. Consequently, malnutrition can speed up the
progression of the HIV/AIDS disease by creating a favorable environment, which
contributes to the oxidative stress, which accelerates the death of the immune cells
and increase viral replication. Stressing the necessity of vitamin A and iron, some
authors associated their deficiencies with higher mortality risk among HIV/AIDS
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patients [19]. In fact, HIV-infected patients have, in general, an enhanced activity of
proinflammatory cytokines (TNF-a, IL-1, IL-6, and others), which can cause in chil-
dren among other side effects retarded growth and a loss in body weight. At the same
time, such immune-compromised children will acquire opportunistic infections,
which will decrease by themselves the intake of food, thus leading to the aggrava-
tion of the immunodeficiency state and the higher incidence of several overlapping
infections, such as tuberculosis, oral and esophageal candidiasis, pneumonia, skin
infections, and persistent diarrhea. All these complications will negatively affect the
nutritional status. In addition, anemia, which is a possible consequence of malnutri-
tion, is also a complication of HIV infection that can cause growth retardation in
children [2, 15, 20]. These children often require highly aggressive management pro-
tocols including intensive antimicrobial administrations and the provision of a well-
balanced nutritional, higher caloric diet [20, 21]. The cooccurrence of tuberculosis
adds another complication related to the decrease in the sensitivity of tuberculin skin
test (TST), which is used as an indicator for management. This issue is aggravated
further in immune-compromised children from HIV and severe malnutrition; there
is a block of the immune reaction, type IV hypersensitivity, needed for a reactive
TST, consequently affecting the appropriate management protocol [20, 21].

In addition, it was documented that the energy needs increase in HIV-infected
children compared to normal children by almost 10% in the early stage of the disease.
However, such an increased demand will go up to 20-30% in symptomatic HIV with
opportunistic infections and to 50-100% in case of severe malnutrition. These data
are based on studies in HIV-infected adults or in non-HIV-infected children and,
therefore, have alow level of evidence [2]. A major finding of these studies is that HIV-
infected children with SAM present with significant reductions in the adipocytokines,
leptin, and adiponectin that are associated with mortality during inpatient hospital-
ization. In addition, HIV-infected and HIV-negative patients presented with similar
degrees of wasting and edema, who achieved similar rates of growth and recovery [22].
Accordingly, as evidenced in Table 1, a baseline metabolic profile including amino acid
levels was suggested for HIV-infected and HIV-negative patients [22].

5. Nutrition as an adjunct therapy

The introduction of therapeutic nutrition support and appropriate fluid
rehydration has improved the rehabilitation process, shortened hospital stays of
HIV-uninfected severely malnourished children, and addressed micronutrient and
macronutrient deficiencies [19]. In the stabilization phase, F-75 is given as a therapeu-
tic food. It is a low-protein milk-based formula diet. It is followed gradually by F-100
over a couple of days. The transitional phase until rehabilitation phase is reached.
F-100 is a milk formula with higher protein and energy content than F75. However,
the ready-to-use therapeutic food (RUTF) has replaced the F-100, especially in cases
of severe acute malnutrition. In general, RUTF are pastes, no liquids, containing a
combination of milk powder, electrolytes, and micronutrients. They provide the child
with the same nutrients as F-100 plus iron [3, 4, 7]. As for rehydration, ReSoMal is
commonly used. It contains approximately 45 mmol Na, 40 mmol K, and 3 mmol Mg
per liter [19]. However, the metabolic and nutrient needs of HIV-infected children, in
whom persistent anorexia is frequent, should be more clearly defined. In case of severe
diarrhea often associated with high mortality rates, the provision of suitable feeding
protocols is highly recommended. In brief, protocols for appropriate nutrition support
therapy for severely malnourished infants below age 6 months are needed [23].

Although wasting can be treated in HIV-uninfected children with nutritional
therapy alone, effective regimens for HIV-infected children need to be developed.
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The use of high-energy therapeutic nutrition support (e.g., F100 or RUTF) is part
of standard care that can start the soonest regardless of the ART starting date.
However, high mortality (38%), within 4-6 weeks, remains an issue. Many children
will gain weight with nutrition support alone. Sometimes, CD4 cell count could be
used to monitor the nutritional needs and to identify those needing treatment [15].
However, other reports pointed out that CD4 cell counts do not seem to improve
after the provision of nutritional therapy. In brief, community therapeutic care
methods, strengthened by local production of ready-to-use therapeutic foods,
require fewer staff to run programs and ensure compliance. It is also worth noting
that the HIV epidemic has generated a new group of children requiring nutrition
rehabilitation unit-based care [20].

The situation becomes more complicated when opportunistic infections enter
the picture, necessitating the use of anti-infective medications in malnourished
children. Such drugs have a wide range of toxicity, which worsen the nutritional
status of the children [18, 21]. Such children require urgent stabilization of multiple
physiological parameters including hypoglycemia, dehydration, and electrolyte
imbalance. Nutritional support is generally tailored to each case with consideration
given to the rate of weight gain [10, 21].

Although interventions with multiple nutritional regimens increase energy
and protein intake, in such situations, they led to no improvement in the morbid-
ity and mortality rates compared to placebo. Observational studies have reported
that the recovery from acute malnutrition and underweight using ready-to-use
therapeutic food (RUTF) in populations of malnourished children, including some
infected with HIV, was often complete with these products [2, 17, 19]. It was also
noted that severe wasting makes the clinical assessment of dehydration difficult,
so the presence of metabolic acidosis and lethargy are often the clinical indications
available to prompt rehydration and nutritional interventions. Unfortunately, there
are also currently inadequate data on the optimum regimen of supportive care (e.g.,
for shock) in the malnourished child who has adapted to a reduced body mass and
organ system function. Appropriate dietary therapies are needed for this increasing
population, as the standard F-75 and F-100 formulas are likely unsuitable [3, 21];
they might lead to the refeeding syndrome. Refeeding syndrome can be defined as
the potentially fatal shifts in fluids and electrolytes that may occur in malnourished
patients receiving artificial refeeding whether enterally or parenterally [19].

Besides, in Jesson and Leroy review, vitamin A was used as a primary therapy; it
decreased pediatric mortality by 50% whatever the cause and improved short-term
growth, in untreated HIV-infected children in Tanzania [2].

6. Antiretroviral therapy (ART) and nutrition

It is well documented that the availability of highly active antiviral therapy
(HAART) for the past two decades or so has decreased remarkably the mortality
and morbidity of the disease in both adults and children, thus transforming it
into a chronic infections disease [9]. The prognosis of HIV-infected children has
markedly improved in the HAART era, both in terms of morbidity and mortality as
mentioned earlier, despite the fact the mortality rate in HIV-infected children is still
considerably higher than the pediatric general population [9, 23].

In Tanzania, when ART became available, the recovery was improved, especially
when ART was initiated in children at the same time as nutritional support than
when it was initiated later [2].

In the literature, there seems to be conflicting recommendations about when and
how to begin nutrition support with ART. Some studies have reported that if ART
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is started when children have severe wasting due to malnutrition, they have higher
rates of mortality compared to those with less clinical markers of malnutrition.
However, studies were not conclusive about the time to start nutritional support
[5, 15]. A recent retrospective study finding suggests that starting ART early in
malnourished children results in higher rates of nutritional recovery and weight
gain than if ART is delayed. In a study performed on a cohort of children in Africa,
59% of Zambian children were initially underweight and almost three quarters
(72%) had slowed down or stopped growth when ART was administered. In these
children, prominent improvements in both weight and height were recorded when
nutritional support started in the initial stage after diagnosis at the same time as
ART. In fact, the best increase was observed among children who were most under-
weight. Therefore, these lifesaving medications should not be delayed, and child
health systems should embrace this approach in a programmatic manner [5, 21].

On the other hand, ART in children has been reported to result in metabolic disor-
ders, which negatively affect the nutrition status, particularly, at the initiation and first
few months of treatment. Such side effects include nausea, vomiting, dysregulated lipid
metabolism [5, 11], low bond density, and increased fractures [11, 22]. Consequently, at
the initiation of ART, the nutritional status must be evaluated, particularly that about
half of the children taking such treatment will be underweight. Such a condition could
lead to chronic malnutrition of about two-thirds of HIV-infected children in countries
with limited resources with a higher two to three times risk of death.

Nutritional evaluation, monitoring, and support are strongly recommended,
especially at the initiation period and the first 2 months. Such measures proved to
decrease morbidity and mortality [2, 10]. Children severely immunodeficient at
initiation of ART may have a better growth outcome than nonimmunodeficient
children at initiation. Children treated with ART become less immunodeficient,
and their nutritional status improves [2]. In general, protease inhibitors (PI)-based
treatments result in decreasing viral load, less resistant mutation, and better
growth compared to non-PI-based regimens. Many authors focusing on this issue
have reported that the earlier the treatment was initiated in children, the better
the nutritional response in weight and height was [2, 23]. Malnourished children
treated with ART may develop a kwashiorkor-like syndrome of IRIS (immune
reconstitution inflammatory syndrome) [21]. However, in children with severe
malnutrition, there has been a concern that standard dosing of ART may be inap-
propriate. This concern is based on the malnourishment metabolic alterations
that could lead to subtherapeutic or toxic drug levels that may contribute to viral
resistance and/or safety issues [2, 5, 14].

Implementation challenges in starting and maintaining children on ART also
persist and are found throughout the chain of care in sub-Saharan Africa, especially
in rural areas [21].

7. Recommendations

In children, transmission of HIV through breastfeeding remains a problem.
Efforts have moved in support of safer feeding by promoting exclusive breastfeed-
ing for 6 months coupled with concomitant antiretroviral prophylaxis delivered to
breastfeeding mothers or the infant [1, 18]. However, nutritional management of
HIV-infected children remains a challenge in view of all the studies reviewed.

HIV-positive women living in resource-poor environments must balance opposing
risks. In 2010, the WHO revised its position by recommending exclusive breastfeed-
ing for the first 6 months of life followed by complementary foods and then accompa-
nied by postnatal infant or maternal antiretroviral prophylaxis (WHO). In contrast,
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the American Academy of Pediatrics recommends that HIV-infected mothers not to
breastfeed their infants, regardless of maternal disease status, viral load, or ART and
the British HIV association concurs [1, 18].

The important issue is to meet all nutrient needs and provide the required
energy requirements. However, according to the WHO, some considerations
are needed for safely replacing food. Such considerations are based on the fact
that untreated HIV-infected patients have an increased resting energy expen-
diture, decreased appetite, digestion of food, and absorption of nutrients. In
brief, such patients often have a range of micronutrient deficiencies. However,
there are no evidence-based guidelines on the appropriate types and amounts
of micronutrient supplements for HIV-infected children. The WHO has previ-
ously endorsed the use of ready-to-use therapeutic foods to reduce mortality
and undernutrition [18].

8. Conclusion

In the area of nutrition and HIV, children deserve special attention because
of their additional needs to ensure growth and development and their depen-
dency on adults for adequate care. Nutritional advice and support should be
a priority component of the continuum of care for HIV-infected women and
children. Furthermore, case by case, the special nutritional needs of children
should be determined in light of the guidelines and recommendations adopted
by various professional health and medical associations. Wasting and under-
nutrition in HIV-infected children reflect a series of failures within the health
system, the home, and the community and not just a biological process related
to virus and host interactions. In brief, despite the great impact of recent phar-
macologic interventions, optimal nutrition continues to be essential therapy
for HIV-infected children, and it has the potential to provide adjunct immune-

modulatory therapy, thus improving care and outcomes of children with
HIV/AIDS.
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Chapter 3

Malnutrition in HIV/AIDS:
Aetiopathogenesis

Vangal K. Sashindran and Rajneesh Thakur

Abstract

HIV/AIDS can cause malnutrition directly and also indirectly through oppor-
tunistic infections (Ols). Infectious diarrhoea and tuberculosis are the commonest
OIs linked to malnutrition in HIV/AIDS. Environmental enteric dysfunction has
now been identified to play a significant role in HIV-malnutrition. Food insecurity
is bidirectionally associated with aggravation and perpetuation of HIV infection.
Increasingly, drugs used in antiretroviral therapy have been recognised to lead
malnutrition in many ways. Both HIV and malnutrition are most prevalent in
the poorest areas of the world, and there is a convergence of etiological factors.
Malnutrition depresses every aspect of immune function. Deficiency of key micro-
nutrients like iron, folic acid, zinc, selenium and vitamins A, C and D also adversely
affects immune function. Recent research has led to a greater understanding of
these mechanisms. Immune dysfunction secondary to malnutrition is referred to as
nutrition-associated immunodeficiency. Hence it is easy to surmise that malnutri-
tion and HIV/AIDs are a deadly duo.

Keywords: HIV/AIDS, malnutrition, immunity, environmental enteric dysfunction

1. Introduction

HIV/AIDS and malnutrition form a deadly duo with each one fuelling the other.
Malnutrition increases susceptibility to infection by causing immune dysfunction
in manifold ways. The depressed immune status can amplify HIV replication and
accelerate progression of HIV disease to AIDS. Malnutrition increases the risk of
death on initiation of ART in PLHA, and untreated HIV/AIDS puts individuals at
risk for malnutrition. The same is more acute in infants and children under 5 years
of age [1, 2]. Untreated or advanced HIV/AIDS is again associated with a compro-
mised immune status that makes these patients susceptible to opportunistic infec-
tions. Of these, tuberculosis is the most common and most debilitating one. Apart
from TB, common infections like pneumonia, kala-azar, meningitis and malaria are
also more common in these patients. Infections and the chronic low-grade inflam-
matory state perpetuated by HIV infection suppress appetite, increase catabolism
of muscles and push patients towards malnutrition. Loss of strength means low
earning capacity and loss of livelihood. The social stigma of HIV fractures social
and family bonds. All of them further push patients towards impoverishment and
malnutrition.
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2. Magnitude of the problem

A study in 2010 estimated that more than 925 million people in the world were
undernourished and one-third of the global disease burden could be eliminated
by adequate nutrition [3]. The greatest burden of malnutrition is seen in the age
group of 2-5 years. According to 2014 data, 159 million children were stunted and
50 million were wasted [4]. Among different geographic regions, South Asia and
sub-Saharan Africa have the highest global burden of malnutrition. In 2014, they
accounted for 25.1 and 32% of stunted children under 5 years of age, respectively
[5, 6]. Sub-Saharan Africa suffers from a high burden of undernutrition, affecting
23.2% of its population, and in 2015 this region accounted for 69% of the estimated
people living with HIV globally. A review of case records of 4350 children aged
2 —19 years enrolled in HIV-care programme in Benin, Burundi, Cameroon, Chad,
Cote d’Ivoire, Mali and Togo was done in 2011. The mean age was 10 years (IQR
7 —13). Anthropometric indices that were measured were height-for-age z-score
(HAZ) and weight-for-height z-score (WHZ) for children < 5 years and BMI-for-
age z-score (BAZ) for children >5 years. All values were expressed as z-scores.
About 80% of the children were on ART for a median period of 36 months. The
prevalence of malnutrition was 42% (95% CI 40-44%). About half of all children
in the age group of 2-5 were malnourished, and among children in the age groups
of 5-10 and 10-19, the prevalence was 36 and 44%, respectively. The authors then
subtyped malnutrition as acute, chronic or mixed. Acute malnutrition was defined
as WHZ/BAZ < —2SD and HAZ > —2SD. The prevalence of acute, chronic and
mixed malnutrition was 9 (95% CI 6-12%), 26 (95% CI 23-28%) and 7% (95% CI
5-10%), respectively. Acute malnutrition was associated with age < 5 years, male
sex, severe immunodeficiency and absence of ART. Chronic malnutrition was most
common in children <5 years (37%). The prevalence of chronic malnutrition in the
age groups 5-10 and 10-19 years was 24% each. Mixed malnutrition was associated
with male sex, age < 5 years, severe immunodeficiency and recent initiation of
ART (<6 m) [7]. In another study from Ethiopia, malnutrition was seen in 224 of
the 372 children with HIV/AIDS (60.2%). Of all the malnourished children, 67.7%
were males and 52.7% were females. In the age group of 2-5 years, 96.3% were
malnourished, and in the age groups of 5-10 and 10-15 years, it was 48.3 and 59.2%,
respectively [8].

In a study from North India, 56.7% of 102 HIV-positive children presenting
to an ART clinic had protein-energy malnutrition (PEM). Children with higher
grades of PEM had lower CD4 cell counts [9]. Of the 4105 children initiating ART
in TREAT Asia Paediatric HIV Observational Database (TApHOD) cohort, 355
(11.9%) had severe malnutrition (defined as baseline weight-for-height z-score
of <—3 if aged 6-60 months or BMI-for-age z-score of <-3 if aged 61 months
to 14 years) [10]. This is very high compared with the estimated prevalence of
severe malnutrition in the general paediatric population in SE Asia (5.2%) [11].
The risk factors for severe malnutrition were age 6-12 months, male sex and prior
diagnosis of tuberculosis [10].

Among adult patients, moderate malnutrition is more common than severe
malnutrition. A study done in Salvador, Brazil, looked at prevalence of malnutrition
in PLHA in the age group of 20-59 years. One hundred twenty-seven patients were
enrolled in the study. Malnutrition (BMI < 18.5 kg/mz) was found in 55 (43%) of
the subjects and severe malnutrition (BMI < 16 kg/m?) in 15%. Lean body mass and
fat body mass were lower than the fifth percentile of a reference population in 80
(63%) and 38 (30%) patients, respectively [12]. Another study from Iran compared
malnutrition among adults with HIV/AIDS with the general population. One hun-
dred PLHA were enrolled in the study. Mild (BMI 17-18.4 kg/m2), moderate (BMI
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16-6.9 kg/m2) and severe malnutrition (BMI < 16 kg/mz) were seen in 24, 38 and
15%, respectively. Except for mild malnutrition, all the other figures were signifi-
cantly higher than that for the general population [13]. Data from the Nutrition for
Healthy Living (NFHL) cohort in Boston, USA, reveals some disturbing facts about
HIV-malnutrition in the era of HAART. The total prevalence of HIV-associated
weight loss and wasting in the cohort was 38%. Both weight loss and wasting were
seen in those who were on a robust ART regimen, those who had failed ART and
those who were ART-naive. The authors also found that the prevalence of weight
loss and wasting had not changed over time and that it was as frequent in 2005 as it
had been in 1997 [14].

3. Impact of HIV-malnutrition: mortality and morbidity

Malnutrition contributes to increased mortality among children, mainly due to
infections. Children with severe acute malnutrition had 12 times the risk of dying
when compared with well-nourished children of the same age [15]. HIV infection
further increases the risk of dying among children with malnutrition. A systematic
review and meta-analysis of 17 studies on 4891 children with severe acute malnutri-
tion in sub-Saharan Africa revealed that children with HIV infection were more likely
to die than those not infected with HIV (30.4 vs. 8.4%, P < 0.001, relative risk 2.81,
95% CI 2.04-3.87) [16]. Non-immunological factors also contribute to increased
mortality among children with malnutrition. These include impaired respiratory
excursions due to reduced muscle mass predisposing to chest infections, reduced
electrolyte absorption from the gut, impaired renal concentration capacity which puts
the child at risk for dehydration and lastly impaired cardiac function that can cause
heart failure [17]. The NHFL study showed that for every 1% increase in weight loss
since the previous visit, the risk of death rose by 11%. When weight loss was >10%
below the baseline weight, the relative risk of death increased nearly sixfold [14].

4. Aetiopathogenesis of HIV-malnutrition
4.1 HIV infection per se and HIV wasting syndrome

HIV wasting was included as an AIDS-defining criterion (ADC) in 1987 by the
Centers for Disease Control and Prevention (CDC). HIV wasting is defined as an
involuntary weight loss of >10% from the baseline and associated with diarrhoea,
fever or weakness of >30 days duration in the absence of a concurrent illness.

HIV wasting is associated with disease progression and death even when patient
is on effective ART [18]. Wasting is associated with low serum albumin levels and
deficiency of important micronutrients like zinc and selenium [13].

The primary cause for weight loss in PLHA is inadequate calorie intake. One
of the key factors leading to this is anorexia secondary to elevated levels of pro-
inflammatory cytokines like interleukin-1 (IL-1), interleukin-6 (IL-6) and tumour
necrosis factor-a (TNF-a). These cytokines also cause a rise in total daily energy
expenditure (TEE) due to an increase in resting metabolic rate (RMR) or resting
energy expenditure (REE) [19, 20]. RMR may increase by 10-30%, more so in the
presence of concurrent infections or high viraemia and increased catabolism of
proteins [14, 21-25]. Macallan et al. evaluated patients with HIV/AIDS for TEE, REE
and energy intake. The REE was 9.6% higher in HIV-infected men than in HIV-
negative men (25.0 vs. 22.8 kcal/kg/d; p = 0.002). But the mean TEE in HIV-infected
men was lower than that of the population standard for HIV-negative men between
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30 and 39 years of age (2750 kcal/d versus 3420 kcal/d) The authors concluded

that this was due to reduced physical activity. However, there is a net negative
energy balance because reduced TEE does not offset decreased energy intake due to
anorexia and malabsorption [19]. Roubenoff and colleagues showed that cytokines
released from activated PBMCs like TNF-a and IL-1p independently predicted loss
of lean body mass and changes in REE [26]. And, nutritional and metabolic abnor-
malities correlated better with cytokines from PBMCs than plasma cytokines. Levels
of TNF-a and IL-1p and IL-6 from PBMCs were better than plasma cytokines in
distinguishing between participants with or without HIV wasting [27].

4.2 Anorexia

Various causes of anorexia leading to HIV wasting include oral candidiasis,
oesophageal candidiasis, CMV oesophagitis, fever and tuberculosis. ART is also
associated with significant adverse effects that include anorexia. Many NRTIs cause
mitochondrial toxicity. Lactic acidosis and pancreatitis are two of the most serious
effects of mitochondrial toxicity due to NRTTIs, especially didanosine, stavudine
and zidovudine. Frank lactic acidosis is not common, but hyperlacticacidaemia is
fairly common and is seen in about 15% of patients on these NRTIs. It manifests
with anorexia, nausea, weight loss, peripheral lipoatrophy and mildly deranged
transaminitis. Zidovudine causes anorexia, nausea and fatigue in 5-10% patients
during the early stages of therapy. Other drugs associated with anorexia and nausea
include ritonavir and elvitegravir-cobicistat combination [28, 29]. Anorexia may
also be secondary to jaundice secondary to HBV/HCV coinfection. Many ART
drugs can cause hepatitis by different mechanisms. NRTIs cause steatohepatitis by
mitochondrial toxicity. This usually develops after 6 months of treatment. NNRTIs
cause hepatitis by hypersensitivity reaction. This usually occurs within the first
2-4 months of therapy. Protease inhibitors may cause hepatitis especially with
HBV or HCV confection by an unknown mechanism. Anti-tubercular therapy is
also another significant cause of iatrogenic hepatitis. Alcoholism, drug abuse and
depression may all be associated with anorexia.

4.3 Chronic diarrhoea

Diarrhoea remains a common complaint among PLHA and adversely affects qual-
ity of life. In the early years of the HIV epidemic, HIV wasting syndrome was a com-
mon presentation, especially in sub-Saharan Africa. It would often be associated with
prolonged diarrhoea (>30 days duration). Causes for diarrhoea can be infectious and
non-infectious. In most of the low-income countries, the aetiology continues to be
infectious, and etiologic agents differ according to geographical region [30, 31]. The
aetiological agents can be broadly grouped as protozoa, bacteria, fungi and viruses.

4.3.1 Infectious diarrhoea

Cryptosporidium parvum is the most frequently identified protozoan causing
chronic diarrhoea in PLHA universally [32]. In developing countries, prevalence
rates of cryptosporidium infection can be as high as 20% [33]. The high prevalence
is due to sewage/faecal contamination of water sources [34]. Although cryptospo-
ridium is commonly associated with chronic diarrhoea in HIV-positive persons, it
can also cause cholera-like explosive diarrhoea and intermittent acute and relapsing
illnesses. Microsporidia (Enterocytozoon bieneusi and Encephalitozoon intestinalis)
are other important protozoa causing diarrhoea in AIDS patients [35-38]. In a study
from New York, microsporidia were found in 39% of AIDS patients undergoing
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gastrointestinal evaluation for diarrhoea [39]. But this high prevalence is uncom-

mon in other parts of the USA and the rest of the world [36]. Isospora belli is an
endemic gastrointestinal pathogen among PLHA in Haiti, but it is uncommon in the
USA [36, 37]. The widespread use of trimethoprim-co-trimoxazole prophylaxis for
Pneumocystis carinii may be the reason for this low prevalence: Isospora being very
susceptible to trimethoprim-sulphamethoxazole. Cyclospora have also been identified
in HIV-infected patients with chronic diarrhoea in low- to middle-income countries
(LMIC) [35-37]. Amoebic dysentery or invasive amoebic disease like liver abscess

or amoeboma is not more common in PLHA than in the general population even in
developing countries. A high frequency of stool carriage in asymptomatic homosexual
men is however common [30]. Stool carriage of amoebae in PLHA includes E. dispar,
E. hartmanni, E. coli and also non-pathogenic E. histolytica [40]. There is no difference
in the prevalence or severity of giardiasis among PLHA and HIV-negative populations.

The spectrum of bacterial pathogens causing diarrhoea in HIV-infected patients
is similar to that in the general population. Salmonella, Shigella, Campylobacter and E.
coli remain the commonest causes of diarrhoea in PLHA also. The immunocompro-
mised state can lead to a symptomatic carriage of Shigella and Campylobacter [30].
Clostridium difficile should be actively excluded in patients with recent history of
antibiotic therapy [41]. Clostridial infection is more common in severely immuno-
compromised patients (CD4+ T-cell count <50/ mm?). Mycobacterium avium complex
(MAC) typically causes diarrhoea in patients with AIDS with profound immunosup-
pression (i.e. CD4+ T-cell count <50 cells/mm?®) [42]. Features of systemic involve-
ment in the form of fever and weight loss often accompany diarrhoea [43]. MAC
usually involves the small intestine; however, it can affect the entire GI tract [44, 45].

Fungi are rare etiologic agents for diarrhoea in HIV-infected. The only exception
is histoplasmosis which can infect all parts of the GIT; can cause fever, weight loss
and diarrhoea; and may require hospitalisation [46].

Cytomegalovirus (CMV) was identified in as many as 45% of GI biopsies in AIDS
patients with diarrhoea in a study from France [47]. CMV infection usually presents
late in the natural history of HIV/AIDS, occurring when CD4 count is <100 cells/
mm?’. In contrast, CMV was not detected in any of the rectal biopsies from 29 African
patients with chronic diarrhoea and abnormally appearing rectal mucosa [48].
Other viruses that have been identified in stools of PLHA with chronic diarrhoea
include adenovirus, rotavirus, astrovirus, picornavirus and coronavirus [49, 50]. An
Italian study followed up a cohort of 50 HIV-negative and 10 HIV-positive children
for 1 year and collected stool samples from the children every alternate week. The
samples were tested for rotavirus (RV), and they found that while HIV-positive
children shed more RV in stools, these rotaviral infections were not more often
associated with diarrhoea than in HIV-negative children [51]. Similar prevalence was
also reported from Lusaka in Zambia and Baltimore in the USA [52, 53].

Chronic Strongyloides infection may be present as chronic diarrhoea.
Strongyloides hyper-infection can occur in the immunocompromised. Disseminated
Strongyloides infection leads to migration of larvae into various tissues outside the
gut. The migrating larvae carry gut bacteria along, leading to bacterial translocation
which can trigger systemic inflammation and sepsis [54].

4.3.2 Non-infectious diarrhoea
4.3.2.1 ART-induced diarrhoea
With early diagnosis and institution of antiretroviral therapy, the incidence of

infective diarrhoea has declined, and non-infectious causes are being increasingly
identified. The common causes now are ART-associated diarrhoea, HIV enteropathy
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and causes seen in the general population. About 60% of patients receiving ART

gave history of diarrhoea in the previous month [55]. Data from clinical trials sug-
gest that up to 19% of these events may have been due to the adverse effects of ART
[56]. Among the ART drugs, protease inhibitors (PIs) seem to be most strongly
associated with diarrhoea. In mouse models, PlIs and reverse transcriptase inhibi-

tors significantly increased water and electrolyte secretion into intestinal lumen

in vivo [57]. Rufo and colleagues demonstrated that protease inhibitors in general,
and nelfinavir in particular, potentiate signalling through muscarinic and calcium-
dependent receptors of intestinal cells leading to increased chloride secretion into

the lumen [58]. Stool samples of these patients also had increased concentrations of
sodium and chloride consistent with secretory diarrhoea. In an iz vitro study, Bode
and colleagues showed that Pls induced apoptosis of human intestinal epithelium,
thereby compromising barrier function and increasing water secretion in gut lumen.
Decreased alkaline phosphatase activity in cells exposed to Pls led to accumulation of
unfolded proteins in the cytosol. A failure of the cell’s ‘unfolded protein response’, a
specific signalling pathway aimed at returning the cell’s protein folding function back
to normal, triggered cellular apoptosis [59]. Wu and colleagues found that lopinavir
and ritonavir induced endoplasmic reticulum dysfunction in intestinal epithelial cells
that led to diarrhoea [60].

4.3.2.2 HIV enteropathy

HIV enteropathy is an idiopathic form of diarrhoea observed in all stages of HIV
disease in the absence of an infectious source and with characteristic histologic
features [61-63]. Changes include crypt epithelial proliferation leading to increased
crypt height, later crypt cell encroachment onto villi and relative decreased vil-
lous height. The consequence of these changes are diarrhoea and malabsorption
[64, 65]. While the exact mechanisms by which these changes occur in the GI tract
are unclear, HIV has been postulated to alter signalling and cellular structure,
which may lead to architectural distortion [61]. Keating and colleagues investigated
monosaccharide absorption in patients with HIV and AIDS. They demonstrated
that patients with diarrhoea had significant malabsorption of all monosaccharides
tested [66]. Malabsorption occurred irrespective of pathogen-positive or pathogen-
negative diarrhoea, indicating that HIV had an independent direct role. This may be
due to the ability of HIV to infect mucosal epithelial cells [67]. Increased mucosal
infiltration by activated CD8+ T cells results in high levels of pro-inflammatory
cytokines which can directly damage the mucosal barrier [61, 63]. Other hypotheses
for the mechanism of HIV enteropathy include decreased transepithelial electrical
resistance, decreased sodium-dependent glucose absorption and increased inter-
cellular permeability in HIV-infected cells [68]. HIV enteropathy can also lead to
malabsorption of vitamin By,, bile acid and monosaccharides [61, 64, 68].

4.4 Environmental enteric dysfunction

Chronic diarrhoea, water, sanitation and hygiene (WASH) have been impli-
cated as causative factors for severe stunting in low- and middle-income countries
for along time. Efficacy of WASH interventions in reducing diarrhoea and mal-
nutrition has been lower than expected. This led to the search for another cause.
Today, there is sufficient evidence that the cause is environmental enteric dysfunc-
tion (EED). It is ‘an apparently seasonal and reversible disorder characterised by
gut mucosal cell villous atrophy, crypt hyperplasia, increased permeability and
increased inflammatory cell infiltrate’ The principal driver of EED is the high
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burden of intestinal infectious disease which is not enough to cause diarrhoea but
enough to induce a state of chronic immune activation in the gut mucosa, thereby
leading to epithelial damage. Dysbiosis of gut microbiota is also now considered to
have an important role. The pathogenesis is probably chronic exposure to patho-
gens leading to a T cell-mediated immune response in the gut which continues

to remain in an inflammatory hyperimmune state. This exaggerated immune
response leads to structural changes in the gut mucosa, increased inflammation
and permeability of the intestines, resulting in disrupted gut immune response;
reduced absorption, delivery and utilisation of nutrients; and finally nutritional
deficiency. There are also features of systemic inflammation, microbial transloca-
tion (MT) across the permeable gut mucosa and changes in the gut microbiome.
Malnutrition further impairs the renewal of gut mucosal cells, maturation and
proliferation of intestinal cells and pancreatic islet cells. The chronic low-grade
inflammation inhibits endochondral ossification, thus inhibiting bone growth and
leads to stunting [69].

The pathological hallmark of EED is villus blunting, which means that in
histological sections villus height is reduced and villus width increased. Increased
intestinal permeability can be detected using disaccharide probes. This is consid-
ered a diagnostic hallmark of EED. In adults confocal laser endomicroscopy (CLE)
can be used to detect leakage of fluorescein dye from systemic circulation into the
gut lumen. In adults with EED, CLE shows extensive leakage into the gut lumen
occurring especially at the villous tips. This suggests that micro-erosions secondary
to disordered epithelial cell shedding may be an important cause for the increased
permeability [70]. The increased permeability leads to malabsorption of nutrients
and also microbial translocation (MT) from the lumen into systemic circulation
via gut mucosa. This MT is also important in perpetuating a chronic inflammatory
state. Due to MT, some important biomarkers of MT are now being used to detect
EED. These include bacterial cell wall lipopolysaccharide (LPS), soluble lipopoly-
saccharide co-receptor (sCD14) and antibodies to the LPS core antigen (EndoCAb)
[71]. The clinical impact of EE, apart from stunting, is decreased immunological
response to oral vaccines.

Does EED fuel HIV replication and disease progression? It is attractive to think
it does so. Aggregation of intraepithelial lymphocytes and lamina propria T-cell
populations has been described in children with EED. The T cells expressed CD69
and HLA-DR. Children with EED had 4-5 times more CD3+ T cells and 15-30-fold
higher number of CD25+ T cells in the lamina propria than the UK controls. They
also had a higher proportion of T cells than TCRad+ [72]. Activated lymphocytes
in a milieu rich in inflammatory cytokines would be the perfect ground for HIV
attachment and replication. However there have been no studies to prove or dis-
prove this. But Jacob and his colleagues have demonstrated that the dominant effect
of HIV on enteric mucosa is to increase villous crypt depth [73]. Hence HIV and
EED may work synergistically to aggravate malnutrition.

4.5 Oral ulcers

Recurrent and severe oral ulcers make eating uncomfortable and painful.
Decreased food intake over a period of time can precipitate malnutrition. Oral
candidiasis is the most frequent oral disease associated AIDS, with a prevalence
of 70-90% [74-76]. It often occurs early in the course of the disease. With decline
in immune status, its frequency and severity worsens, and it may occur along
with oesophageal candidiasis. Recurrent major aphthous ulcers and herpetiform
aphthous ulcers are painful and adversely affect food intake. Other conditions like
Kaposi sarcoma are becoming uncommon now.
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4.6 Tuberculosis

Coinfection with HIV and Mycobacterium tuberculosis (TB) is an extremely com-
mon problem. TB is the largest single cause of death in HIV-positive individuals,
and, in areas of high prevalence, it is the most common coinfection in HIV-positive
children. HIV and TB pathogens interact, resulting in an accelerated clinical course
and premature death. TB infection results in secondary wasting. Indeed, weight
loss is the presenting feature in almost 50% of cases of TB, and persistent anorexia
is a feature in approximately one-quarter. Swaminathan, Padmapriyadarsini and
colleagues studied the nutritional status of HIV-positive subjects with TB (n = 174)
and HIV-positive ones without TB (n = 488). They compared their nutritional status
to that of HIV-negative people of the same socioeconomic status (n = 160). They
found that 50% of HIV-positive subjects with TB and one-third of HIV-positive
subjects without TB had a BMI of <18.5 kg/m”. Moreover, HIV-positive subjects both
with and without TB had lower mid-arm circumference, hip circumference and
waist circumference than HIV-negative individuals. HIV-positive people with TB
remained underweight even after adequate treatment for TB underscoring the nega-
tive impact of TB on the nutritional status of these people and also the synergistic
effect of HIV-TB confection in aggravating malnutrition [77]. Furthermore, malnu-
trition is a risk factor for the acquisition of primary TB infection, as well as progres-
sion to active disease [78-80]. Other infections—particularly pneumonias, which
are very common in HIV-positive children—have also been found to contribute to
the increased risk of malnutrition in children in several lower-income countries.

4.7 HIV endocrinopathies

Adrenal insufficiency is the commonest endocrinopathy in the HIV-infected. The
mechanism of primary adrenal insufficiency in the HIV-infected is twofold: HIV
adrenalitis and adrenal gland destruction secondary to tuberculosis, CMV or other
opportunistic infections [81]. Sepsis may also precipitate acute adrenal insufficiency.
Adrenal insufficiency can also be iatrogenic, triggered by drugs like ketoconazole
and rifampicin [82]. Secondary adrenal insufficiency can be due to the direct effect
of HIV on the hypothalamic-pituitary-adrenal (HPA) axis also. Cytokines like inter-
leukin-1 (IL-1), IL-6 (in a synergistic manner) and TNF-a can suppress the HPA
[83]. HIV-positive patients who develop adrenal insufficiency may present either
acutely or chronically. Acute insufficiency manifests in the critically ill as Addisonian
crisis characterised by profound hypotension. In our study on hypoadrenalism in
the HIV-infected with current or past tuberculosis, it was found that certain clinical
features occurred consistently. They included history of fatigue, lethargy, muscle
weakness, low mood/irritability, significant weight loss and need to micturate fre-
quently and findings of hypotension, both resting and postural and pale skin (under
publication). The prevalence of hypoadrenalism in HIV and HIV-TB varies from 20
to 70%. This is mainly because many studies were only done on critically ill patients
in the hospital. The use of standard and low-dose ACTH stimulation test also made a
difference in pickup. Nevertheless, wasting in an HIV-positive patient should trigger
a search for adrenal insufficiency. On the other hand, in one study it was seen that
testosterone deficiency does not lead to significant wasting [26].

4.8 Co-trimoxazole prophylaxis (CPT)
Severe acute malnutrition (SAM) contributes to 1 million childhood deaths

annually worldwide, and its treatment is a key strategy for reducing childhood
mortality [84]. Infectious disease is thought to be the main mediator of mortality
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in children with SAM. Trehan and colleagues studied the efficacy of empirical
antimicrobial therapy in children with severe acute malnutrition but without
clinical features of infection. Two thousand seven hundred sixty-seven children in
the age group of 6-59 months were randomised into three arms. One received oral
amoxycillin, the other cefdinir and the last group a placebo for 7 days. Twelve-week
mortality rates for the three groups were 4.8, 4.1 and 7.2%, respectively. The relative
risk for death for placebo compared with amoxycillin was 1.55 (95% CI 0.7-2.24)
and for placebo compared with cefdinir was 1.80 (95% CI 1.22-2.64). Differences in
mortality and recovery were not statistically different between the amoxycillin and
cefdinir arms [85].

Daily co-trimoxazole prophylaxis reduced all-cause mortality and hospital
admissions in children with HIV/AIDS. This was despite high levels of antimicrobial
resistance being identified in vitro among invasive isolates at study sites [86, 87].
Co-trimoxazole protected HIV-infected children against malaria, pneumonia and
sepsis [88]. Other studies have shown its role in preventing recurrent urinary tract
infections, pneumonia in children with measles and infections in children with
specific immunodeficiencies [89-91]. Prendergast and colleagues reported that
co-trimoxazole prophylaxis retards decline in weight and height for age in HIV-
infected children, not on ART [92]. Boettiger and colleagues also found that CPT
may enhance weight recovery in children with malnutrition on ART [10]. In both
HIV-infected and malnourished children, the beneficial effect of antimicrobial
therapy is primarily due to prevention and treatment of infections. Other collateral
benefits could be reduction of inflammation which would reduce diversion of
nutrients and decreased cytokine-mediated growth retardation and also reduced
enteropathy and perturbations of gut flora [93].

4.9 Substance abuse and psychiatric disorders

HIV infection and chronic drug abuse both compromise nutritional status.
There is a synergistic effect in HIV-positive drug users that leads to wasting and
significantly impacts mortality. Illicit drug use may interfere with nutrient absorp-
tion, mute appetite and alter metabolism. Lifestyle of chronic drug users may
compromise their access to food, food selection, housing, family and social sup-
port [94]. Use of injection drugs correlated with lower protein intake in the NFHL
cohort study [14]. IV drug can be associated with HIV-HBV or HIV-HCV coinfec-
tions. Patients with hepatitis frequently lose weight and develop anaemia and
neutropenia. As liver disease advances, anorexia, dietary intolerance and limitation
of nutrient intake occur [95, 96]. AIDS-related dementia and neuropsychiatric
disorders can cause malnutrition as the ability of patients to care for themselves is
compromised. Many may forget to eat and others may be unable to prepare bal-
anced meals [97].

4.10 Socioeconomic factors
4.10.1 Food insecurity

Wasting and malnutrition in HIV-positive children is not only due to the HIV
disease or opportunistic infections. It is also due to breakdown of family structure
and the failure of social and healthcare systems. Food insecurity is defined as a lack
of access to sufficient, safe and nutritious food to meet dietary needs and maintain
a healthy and active life [98]. Another way of defining it is ‘insufficient quantity or
quality of food, reductions of food intake, and feelings of uncertainty, anxiety, or
shame over food’ [99].
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There is a high prevalence of food insecurity among PLHA. An American
study reported that about 50% of PLHA on ART in San Francisco, Atlanta and
Vancouver were food insecure [100, 101]. In the NFHL cohort from Boston, 36.1%
participants were classified as ‘food insecure’ [14]. A study done in Senegal com-
pared the prevalence of food insecurity among general population and PLHA in
two different regions of Senegal: Dakar where the predominant source of income
was nonagricultural business and Ziguinchor in Casamance province where it was
agriculture. The prevalence of food insecurity among PLHA in the two regions was
much higher being 84.6 and 89.5%, respectively, than in the general population
(16-60%). The prevalence of severe food insecurity was 59.6 and 75.4% in Dakar
and Ziguinchor, respectively [102]. Similar findings are reported from both urban
and rural settings in other parts of Africa. Among 898 PLHA on ART in Kinshasa,
Democratic Republic of Congo, 57% of the people were food insecure and 50.9%
were severely food insecure [103]. The prevalence is higher in other studies. In one
from Windhoek, Namibia, 92% of 390 PLHA on ART were food insecure, and 67%
were severely food insecure [104]. In a big study involving 76,038 HIV-infected
people in Western Kenya, the prevalence of food insecurity ranged from 20 to 50%
[105]. The prevalence of food insecurity in rural Uganda and North Ethiopia were
74.5 and 40.4%, respectively [106, 107].

Food insecurity is linked to lower educational levels and low socioeconomic
status, unemployment, larger household size and number of children [108, 109].
Andrade and colleagues found that daily per capita income correlates well with
malnutrition in Salvador, Brazil. They found that for daily per capital incomes
of <US$ 2, US$ 2-4.99 and US$ 5-9.99, the prevalence of malnutrition increased
by 2.01 (95% CI 1.06-3.81), 1.75 (95% CI 0.92-3.35) and 1.42 (95% CI 0.76-2.65)
times, respectively, compared to the patients whose per capita household income
was US$ >10.00 per day [12]. The presence of even one HIV-positive person in a
family pushes the family to food insecurity in Africa [110]. In most of Africa, South
America and Asia, women are the primary caregivers in households. They procure
foodstuffs, gather firewood, prepare food and feed the children. Not surprisingly,
the risk of malnutrition in children increases if the mother has HIV/AIDS. Timely
provision of ART to HIV-positive women reduces under-5 mortality rates to those
similar to children of HIV-negative women.

HIV/AIDS is a major factor leading to food insecurity. The disease leads to debil-
ity of family members in the prime of their life. This leads to loss of jobs, reduced
productivity and increased caregiver burden. In turn, food insecurity has many
adverse effects on health and well-being of PLHA. It leads to risky coping strategies
in households with HIV-positive individuals. Wages get directed to purchase of
ART, and many family members may exchange sex for money or food, thereby put-
ting themselves at higher risk of acquiring HIV infection and STDs. It also increases
risk of vertical transmission of HIV by risky infant-feeding practices. It increases
non-adherence to ART, aggravates adverse effects of ART, and leads to incomplete
viral suppression, worsening health and increased mortality [111, 112]. In DRC and
Namibia, food insecurity was associated with increased odds of poor adherence to
ART (adjusted odds ratio 2.06 and odds ratio 3.84) [103, 104].

4.10.2 Poor weaning practices.

Mothers’ level of education influences occurrence of malnutrition in children.
Poor education leads to lack of awareness of the importance of exclusive breast
feeding for the first 6 months of the infant’s life, failure to introduce complementary
feeds at 6 months and limited food diversity. It also contributes to adherence to local
taboos with regard to refraining from giving foods of animal origin to children.
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In addition, lack of access to food supplements for HIV-positive children also contrib-
utes to malnutrition among these children in many parts of Africa [113]. Exclusive
breast feeding during first 6 weeks of life resulted in consistently higher z-scores for
weight at 52 weeks of age in HIV-infected infants than in those on only top feeds or
mixed feeds (difference of 130 g for male children and 110 g for female children) [1].

5. Pathobiology of immunodeficiency in malnutrition

Malnutrition is considered to be the commonest cause of immunodeficiency in
the world. It adversely impacts every aspect of immune function. All these immune
dysfunctions are collectively referred to as nutritional-acquired immunodeficiency
syndrome (NAIDS). Understanding of malnutrition-related immunodeficiency can
shed a lot of insight into immunodeficiency of HIV/AIDS.

Profound thymic atrophy with depletion of thymocytes and changes in thymic
extracellular matrix are seen even in moderate malnutrition. It is however difficult
to say whether these changes in thymic function are due to malnutrition per se or
due to the severe infections frequently associated with malnutrition. Changes in
thymic micro-environment like decreased thymic epithelial cells, expansion of
extracellular matrix and decreased production of thymic hormone all contribute to
thymic depletion. Thymocyte depletion results from increased apoptosis of CD4
and CD8 double-positive, double-negative and single-positive (immature) thymic
lymphocytes. Apoptosis is driven by increased circulating levels of glucocorticoids,
reduced leptin levels and deficiency of dietary protein and zinc.

Bone marrow cellularity is reduced, its stroma altered and there is limitation of
extra-cellular matrix expansion. A study on bone marrow changes in children with
PEM showed erythroid hypoplasia/dysplasia in the marrows of 50% children with
kwashiorkor, 30% children with marasmic-kwashiorkor and 28.5% children
with marasmus [114]. Suppression of cell cycle progression of haematopoietic
progenitor cells with cell cycle arrest in GO/G1 phase is seen in protein malnutri-
tion. This results in reduction in red cell and white cell lineages. In addition, bone
marrow granulocytes display impaired blastic response to granulocyte-colony
stimulating factor (G-CSF) and suboptimal mobilisation on lipopolysaccharide
challenge. In protein-deficient mice models, bone marrow mesenchymal cells tend
to differentiate into adipose cells, thereby altering the cytokine micro-environment
in the bone marrow and compromising haematopoiesis. Despite this, the total
number of leucocytes in peripheral blood of children with severe acute malnutrition
remains normal. However, the number of dendritic cells is reduced [115]. Mice with
transferrin receptor-1 deficiency are unable to absorb adequate iron. This results in
impaired T-cell development and fewer mature B cells [116].

Secondary lymphoid tissue in the spleen and lymph nodes shows similar
degenerative and hypo-proliferative changes in mouse protein-deficient models.
The spleen has a thickened capsule and is deficient in splenocytes and splenic
mononuclear cells. Cell cycle arrest, similar to that seen in the bone marrow, is seen.
Splenic white pulp is also disorganised. Changes in lymph nodes can be seen even
in moderate malnutrition. Zinc and iron deficiencies exaggerate changes caused
by protein-energy malnutrition. There is hypoplasia of lymph nodes, decreased
number of dendritic cells, macrophages, neutrophils and fibroblasts. The ability of
lymph nodes to act as an effective barrier to pathogen spread is compromised. Poor
trafficking of soluble antigens through the lymphoid conduits is also seen.

It would be intuitive to assume that like all other lymphoid tissue, the gut-
associated lymphoid tissue (GALT) should also be hypoplastic in malnutrition. This
has not been shown in humans conclusively.
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5.1 Innate immune system dysfunction in malnutrition

Malnutrition affects the primary physical defensive barrier of the body.
Thinning of dermis and reduced collagen levels are seen in animal models of
PEM. In marasmic mice, thinning of the epidermis, with decreased hydration of
stratum corneum, and decreased epidermal proliferation are seen. Wound healing
is delayed and there is delayed wound contraction. Increased infiltration of wound
site with inflammatory cells, decreased laying down of collagen, oedema of the
extracellular matrix and altered neovascularisation are seen. Though skin changes
like oedema and ‘flaky paint dermatosis’ and desquamation are common in kwashi-
orkor, there is no definite clinical proof to associate these changes with decreased
immunity.

The changes in gut mucosa are more dramatic and have greater clinical conse-
quences. These have been discussed above in environmental enteric dysfunction.
At this juncture it suffices to say that gastric acid secretion is decreased in severe
malnutrition, and gut permeability to bacteria is increased. In the oral cavity flow
of saliva is reduced. Vitamin A deficiency reduces differentiation of epithelial cells
in the skin, cornea and respiratory, urogenital and gastrointestinal tracts. This
compromised epithelial barrier makes bacterial and viral invasion easy. Retinoic
acid deficiency can alter gut mucosal barrier function. There is a marked reduc-
tion of type 3 innate lymphoid cells (ILC3) in gut mucosa of mice with vitamin
A deficiency resulting in decreased production of IL-17 and I1-22 and increased
susceptibility to bacterial infections. Concomitantly, there is an expansion of type
2 innate lymphoid cells (ILC2). These cells secrete IL-13 which causes goblet cell
hyperplasia, increased mucus production and an increased resistance to gut hel-
minths. Zinc reduces biofilm formation and decreases expression of virulence and
adherence factors of entero-aggregative Escherichia coli. This may be one of the rea-
sons for frequent diarrhoeal illnesses in malnourished children. A double-blinded
randomised placebo controlled trial on zinc supplementation in children between
the ages of 6 and 30 months in Delhi showed reduction in frequency, severity and
duration of diarrhoea disease in the zinc-supplemented group [117].

Acute-phase reactant synthesis seems unaffected by malnutrition. C-reactive
protein (CRP) rise is similar in normal and malnourished children when faced with
an infectious challenge [118]. In contrast the so-called negative phase reactants
like transferrin, pre-albumin, fibronectin and a2-HS glycoprotein are consistently
decreased in malnutrition and do not rise adequately during an infectious chal-
lenge [119]. Complement levels are decreased in severe malnutrition. This is due to
reduced synthesis in the liver and also increased consumption in the periphery. This
is most marked in kwashiorkor. Reduction in C3 levels in malnutrition has been
consistently reported from other studies as well [120].

As it has already been mentioned, there is no reduction in the total number
of leucocytes in the peripheral blood. But chemotaxis and microbicidal activity
of neutrophils are decreased in children with PEM. This may partly be due to
decreased lysosomal enzyme synthesis and reduced glycolytic activity. Vitamin
A is important for neutrophil maturation. Neutrophils in retinoic acid-deficient
mouse models show impaired chemotaxis, phagocytosis and generation of reac-
tive oxygen species. Vitamin A deficiency also decreases number and function of
NK cells. Vitamin C deficiency in animals decreases apoptosis of neutrophils and
results in their decreased clearance. Vitamin C deficiency exaggerates inflammation
and retards its resolution in mouse model of sterile inflammation. Administration
of vitamin C attenuates lung, kidney and liver injury in murine models of intra-
abdominal sepsis and lethal LPS administration. The salutary effects of vitamin C
in the lung include reduced pro-inflammatory response, increased epithelial barrier
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function, increased alveolar fluid clearance and decreased coagulopathy. Zinc
modulates respiratory bursts in neutrophils. Moderate to severe malnutrition does
not lead to reduction in absolute number of natural killer (NK) cells in children,
but their function is depressed. Iron deficiency impairs macrophage function.
Intracellular iron activates nuclear factor kB (NF kB). NfkB is responsible for
exerting a restraint on reactive oxygen species and c-Jun-N-terminal kinase (JNK)
signalling. These signalling pathways are crucial for antagonism of programmed cell
death (PCD) induced by pro-inflammatory cytokines. Hypoxia-inducible factor-1a
(HIF-1a) is an iron-dependent transcription factor that promotes synthesis of
antimicrobial peptides by macrophages. Hence iron deficiency can lead to apoptosis
of macrophages and also blunt their anti-microbial activity [121, 122].

Folate deficiency in rats is associated with reduced number of neutrophils and
eosinophils. Zinc regulates release of pro-inflammatory cytokines like IL-1f, IL-6
and IFN-a by innate immune cells, and its deficiency leads to reduced synthesis of
Th-1 cytokines. Selenium exerts its antioxidant activity via selenoproteins. They
regulate pro-inflammatory mediators via mitogen-activated protein kinase and per-
oxisome proliferator-activated receptor-y. Genetic knockout of selenoprotein genes
in mice leads to impaired migration of macrophages and neutrophils and reduced
phagocyte oxidative burst. Vitamin D plays a crucial role in macrophage function.
Its deficiency increases risk of active TB and also increases risk of relapse of TB in
both HIV-uninfected and HIV-positive individuals. The primary action of vitamin
D is exerted via the vitamin D receptors on macrophages. There is a supplementary
action via toll-like receptor signalling. Vitamin D leads to increased production
of cathelicidin and B2-defensin which increase secretion of pro-inflammatory
cytokines, induce anti-tuberculous autophagy and restrict growth of mycobacteria
inside macrophages [123].

In severe malnutrition, dendritic cell numbers are reduced in peripheral blood
and in lymphoid tissues. A study from Zambia showed reduced numbers of DCs
and also impaired DC maturation and impaired ability of DCs to stimulated T-cell
proliferation in the face of endotoxaemia. The DC function normalised with
nutritional therapy [115]. Murine models with deficiency of protein, iron and zinc
have shown reduction in number resident DCs in lymph nodes. These DCs also
showed dysregulation of DC chemoattractants during inflammation. PEM grossly
impairs antigen-presenting capacity and T-cell activation ability of DCs. Vitamin
A, as retinoic acid, is vital for DC function. When there is inflammation, retinoic
acid accelerates maturation and antigen-presenting capacity of DCs. Dendritic cells
also store and release retinoic acid to act on other immune cells. Vitamin D plays an
important role in regulation of DC function and exerts an anti-inflammatory role. It
retards DC maturation, antigen presentation and T-cell priming.

5.2 Malnutrition and adaptive immune system

Malnutrition does not affect the total number of lymphocytes in peripheral
blood. The total levels of immunoglobulins IgG and IgM in blood and secretory IgA
in duodenal fluid and urine are unaltered. When malnutrition in children is com-
pounded by a severe respiratory or intestinal bacterial infection, the number of B
cells is reduced when compared to infected but well-nourished children. B lympho-
cyte function is preserved in PEM, but the profile of secreted immunoglobulins
(Igs) and specific antibody-mediated immune responses are altered. Levels of
Th1-type immunoglobulins (IgG2a and IgG3) are unaltered, those of tTh2-type Igs
(IgG1 and IgE) are raised and those of secretory IgA are reduced. Severe protein
malnutrition leads to decreased levels of secretory IgA in tears and saliva. Zinc
deficiency depletes cells of B-cell lineage in the bone marrow. Vitamin A-deficient
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mice show a poor IgG response which is reversible by vitamin A supplementation.
Vitamin A-deficient mice also have decreased number of IgA-secreting plasma cells
in their Peyer’s patches [123, 124].

Levels of CD4+ and CD8+ cells in peripheral blood remain unaltered in mal-
nourished children hospitalised with serious infections. But there is a decrease in
the number of CD4+ CD45RO+ memory T cells and effector T cells (CD4+ CD62L—
and CD8+ CD28-) in severe malnutrition. Thl cytokines required for Th1 differen-
tiation (IL-7 IL-12, IL-18 and IL-21) and function (IL-2 and IFN-y) are reduced in
peripheral blood mononuclear cells of children with malnutrition and severe infec-
tion. In the same children, an overexpression of Th2 cytokines (IL-4 and IL-10) and
increased apoptosis of CD3+ T cells is noted. The ability of T cells to respond to an
inflammatory stimulus is also altered. There is an impaired antigen-specific T-cell
response (decreased CD8+ cells and decreased IL-2 production by CD4+ cells),
but antigen-specific antibody production is unimpaired. Proliferative response to
phytohaemagglutinin is reduced. Delayed-type hypersensitivity response is also
impaired in severe malnutrition. Zinc is required for Th1 differentiation and Thi
responses. It increases expression of IL-2, IFN-y and IL-2Rb B2. Zinc deficiency
therefore results in a reduction of CD4/CD8 ratio and levels of Th1 cytokines.
Selenium deficiency adversely affects CD4+ T-cell proliferation, activation and
function. The production of IL-2 and expression of IL-2 receptor are both reduced,
and there is impaired mobilisation of calcium. Retinoic acid acts on naive T cells and
promotes expression of gut-homing receptors, differentiation into Th2 phenotype
and T-regulatory cells especially in the gut mucosa. It also inhibits maturation to
Th1 phenotype or Th17 cells. RA activates B cells in mucosa and GALT to transform
into IgA + antibody secreting cells (ASC). Hence RA deficiency can seriously impair
gut mucosal immunity. Due to its influence on effector T-cell function, vitamin A
deficiency can lead to inadequate immune response to some vaccines. Vitamin A
supplementation has been shown to lead to 20-30% reduction in all-cause mortality
and reduction of incidence and severity diarrhoea diseases and measles [125, 126].

The effect of HIV infection on immune systems mirrors that of malnutrition in
most aspects with just a few key differences. Natural killer cell activity and comple-
ment activity are increased in HIV infection. There is an increased secretion of
pro-inflammatory cytokines (IL-1f, TNF-a, INF-y and IL-6, IL-8 and soluble IL-2
receptors) and reduction of anti-inflammatory cytokines (IL-1 receptor antagonist,
IL-4, IL-10 and IL-13). The chronic inflammatory state is also a hypercatabolic
one and leads to increased mobilisation of amino acids from skeletal muscles that
are further used for gluconeogenesis in the liver. TNF-o and IFN-y also suppress
appetite leading to decreased food intake. Hypercatabolism and decreased diet
lead to malnutrition and HIV wasting. The combination of HIV and malnutrition
aggravates reduction of CD4 and CD8 T cells, impairs bactericidal function of
neutrophils and macrophages, impairs delayed-type hypersensitivity response and
blunts antibody response to immunisation [97].

HIV infection also has a direct impact on nutrition. Studies have shown that
among asymptomatic HIV-positive children, the rates of protein, carbohydrate and
fat malabsorption are 30-60, 32 and 30%, respectively [127, 128]. Increased protein
turnover occurs to cater for proliferation of neutrophils, fibroblasts and lympho-
cytes, production of immunoglobulins and acute-phase reactants and increased
urinary nitrogen loss. This mainly comes from increased skeletal muscle breakdown
and increased hepatic protein synthesis. Other metabolic changes that occur include
elevated hepatic fatty acid synthesis, decreased peripheral lipoprotein lipase activ-
ity, hypertriglyceridemia, increased gluconeogenesis, insulin resistance and hyper-
glycaemia. There is redistribution of body stores of iron and zinc, with both being
mobilised to the liver. This along with inadequate dietary intake leads to iron and
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zinc deficiencies. The pro-inflammatory state also leads to increased consumption
of vitamins A, C and E which serve as antioxidants. There is reduction in levels of
glutathione which is the principal intracellular antioxidant compound. Deficiencies
of micronutrients like selenium, zinc, manganese and copper affect function of
many key antioxidant enzymes. Deficiency of antioxidants leads to increased oxida-
tive stress which triggers T-cell apoptosis and also enhances HIV replication [129].

6. Conclusion

Malnutrition depresses all aspects of immune function. HIV infection can lead
to wasting and malnutrition by a complex interplay of aetiological factors. This
malnutrition compounds immunodeficiency of AIDS and accelerates progression of
disease and increases risk of mortality. Addressing nutrition right from the time of

HIV diagnosis is a good strategy. Judicious and monitored nutritional therapy can
mitigate NIADS and improve HIV clinical outcomes.
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Chapter 4

Nutrition Habits in People Living
with HIV/AIDS in Bulgaria:
Review of Current Practice and
Recommendations
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Abstract

The innovations in the medical science and development of new biotechnology
medicines changed significantly the course of the human immune-deficiency virus
(HIV) infection toward a chronic condition. Along HAART, habits in nutrition
place an important role in the improvement of the health status of people living
with HIV. Proper diet and nutrition may enhance the adherence and concordance
to prescribed therapy and its effectiveness, to reduce the risk of adverse drug
events and to boost the immune function. In the resent years a tendency towards
increased food supplements consumption is observed, especially in patients with
chronic diseases. There is a risk of possible interactions between selected dietary
supplements with the antiretroviral medicines which may result in decrease of the
drug concentrations in the blood plasma and subsequent decreased therapeutic
effect and increased risk of viral resistance. Still there are gaps in respect with such
information in the guidelines and recommendations for treatment, monitoring and
nutrition in HIV. More studies are needed to fully evaluate such interactions and to
put recommendations both for the healthcare professionals and for the people living
with HIV for their use in order not to compromise HAART and to maintain the
desirable therapeutic outcome.

Keywords: HIV, nutrition, food supplements, highly active antiretroviral therapy,
interactions

1. Introduction

The innovations in the medical science and development of new biotechnology
medicines changed significantly the course of the human immune-deficiency virus
(HIV) infection towards a chronic condition. The advancement of the highly active
antiretroviral therapy (HAART) led to significant increase in the life expectancy
allowing people living with HIV to have a near-normal life-expectancy while meet-
ing a variety of acute and chronic care needs [1].

Along HAART, nutrition habits place an important role in the improvement
of the health status of people living with HIV. Proper diet and nutrition (food-
based attitude and micronutrient supplementation) may enhance the adherence
and concordance to prescribed therapy and its effectiveness, to reduce the risk of
adverse drug events and to boost the immune function. On the other side, one of
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the main concerns in terms of nutrition habits, especially food supplement intake,
is related to possible interactions with the antiretroviral medicines which may
result in decrease of the drug concentrations in the blood plasma and subsequent
decreased therapeutic effect and increased risk of viral resistance [2]. In this respect
there are still gaps of scientific evidence for the antiretroviral drug-to-supplement
interactions and only a few dietary supplements (i.e., Ca, Mg, Fe supplements) have
been evaluated in combination with the currently available on the pharmaceutical
market antiretroviral medicines [3, 4]. While, there is a tendency towards increased
consumption of food supplements among patients with chronic diseases, healthcare
providers should monitor their patients for potentially important drug—supple-
ment interactions. People living with HIV should also be willing to communicate
with their healthcare providers any administration of dietary supplements and
special nutrition regimes in order to optimize their intake in compliance with the
prescribed HAART and to avoid possible undesirable interactions.

It is a matter of national practices of the competent authorities and healthcare pro-
viders to provide reliable knowledge and adequate nutrition habits in people living with
HIV to assure increased compliance and to maintain the effectiveness of the therapy.

2. Nutrition recommendations and habits of people living with HIV

In the recent years a tendency towards optimization of the HAART due to
the development of new drug formulations, including fixed dose combinations
led to decease in the “pill burden” and increase in the tolerability due to better
safety profile [5]. Improvements in the drug supply process led to better access to
HAART. Along with this there are growing evidences for the influence of lifestyle
habits and nutrition on onset and progression of different chronic and socially
important diseases. Due to these reasons nutrition recommendations and guidelines
are created to help the competent national authorities, healthcare providers and
people living with HIV to create overall care plan.

Literature search of published recommendations and habits for nutrition and
HIV was performed in the scientific databases PubMed, Google Scholar, Scopus,
Research gate using key words—nutrition, recommendations, guidelines, HIV.

2.1 Nutrition recommendations

Literature search aimed to find and review the scope and recommendations in
published guides and scientific manuscripts for nutrition and HIV.

2.1.1 Guidelines for nutrition and HIV

Since 2002, the World Health Organization has issued a set of guidelines and
manuals on nutritional care and support for people living with HIV/AIDS, nutrient
requirements, regional consultations on nutrition, and integrated approaches to
nutritional care of HIV-infected children [6-8].

The main scope of these guidelines and manuals is to promote proper nutrient
requirements in people living with HIV and to focus on the need of adequate nutrition
and access to food in all regions, especially in the developing countries. The guidelines
give detailed information on the recommended daily intake of different micronutri-
ents (i.e., vitamin A, C and E and B-complex vitamins, iron-folate supplementation,
to boost the immune system and to meet the increased energy requirements of people
living with HIV, sets of recommendations for appropriate food intake and the impor-
tance of the type of food for the effect of the antiretroviral therapy [9].
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The WHO guides recommend that all national health authorities should provide
counseling on the management of the long-term nutritional aspects of the antiret-
roviral therapies. It is also recommended that healthcare providers should improve
the attention of people living with HIV that diet and nutrition may enhance the
acceptability of their prescribed HAART and to improve adherence and effective-
ness of therapy.

In 2001, a guide for nutrition care and support in HIV/AIDS was published
thanks to the Food and Nutrition Technical Assistance Project of the Office of
Health, Infectious Disease and Nutrition and the Bureau for Global Health at the US
Agency for International Agreement. This document provided guidance on general
nutrition care and support of people living with HIV, the role and source of selected
micronutrients [10]. In 2004, this report was updated with information concerning
mainly different types of important drug-drug interactions, food-medication inter-
actions, and their impact on the effect of the antiretroviral therapy and detailed
recommendations on how to avoid such interactions depending on the prescribed
antiretroviral medicines. The guide also focuses on the need to identify reliable
sources (i.e., Ministries of health, drug product information, pharmaceutical
services, journals and patient organizations) of easy to comprehend information in
the light of improved access to existing and new antiretroviral medicines, possible
important drug-drug and drug-food/food supplement interactions [11].

In their latest updates the Guidelines of the U.S. Department of Health and
Human Services and of the European AIDS Clinical society (v.9.1) for the treatment
and monitoring of HIV/AIDS set list of recommendations and cautions possible
interactions and effects between food and Ca, Mg and Fe supplements with the
antiretroviral medicines [12, 13]. The guidelines also focus that the healthcare
providers should always monitor their patients in terms of any food supplement
intake for possible interactions with their prescribed HAART, not only in case of
therapeutic failure.

2.1.2 Published articles for nutrition recommendation

The guidelines on treatment, monitoring and nutrition and HIV discussed above
put more focus on the needs for adequate and proper nutrition and give practical
advices for dietary regimes and micronutrient daily needs. Special focus is put also
on the interactions between food and Ca, Mg and Fe supplements and antiretroviral
medicines interactions.

However, there are still gaps of information in the guidelines concerning pos-
sible interactions between some food supplements, containing herbal products
(i.e., St. Johns wort, Echinacea, ginkgo) and the antiretroviral medicines and their
impact on the therapeutic effect. For this reason the second part of the literature
search focused on recommendations on nutrition and HIV from published scientific
articles evaluating this type of interactions.

Results from systematic review published in 2017 show that the most frequently
reported food supplement-antiretroviral medicine interactions in the literature
from herbal origin are with St. John wort, ginkgo, milk thistle and cat’s claw [14].
The proposed mechanism of action was examined mostly in pharmacokinetic
studies and case-reports. It is considered that most probably these food supplements
interact with the antiretroviral medicines on CYP450 enzyme system level either
inhibiting or inducing different CYP 540 enzymes thus causing adverse events or
reduced therapeutic response respectively. In the systematic review are included also
studies evaluating the interactions between some micronutrients like vitamin C,
ferrous fumarate, calcium carbonate, zinc sulfate and multivitamin. The latter are
considered to form chelation with entry inhibitors (maraviroc), integrase inhibitors
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(dolutegravir, raltegravir), protease inhibitors (atazanavir, darunavir, lopinavir,
ritonavir, etc.), non-nucleoside reverse transcriptase inhibitors (efavirenz, etra-
virine) and nucleoside reverse transcriptase inhibitors (abacavir, emtricitabine,
lamivudine, tenofovir) thus causing reduction in the therapeutic effect. The
systematic review found also that for some of the dietary supplements there were
controversial results but statistically significant interactions with selected antiret-
rovirals were found for St. John’s wort, vitamin C, zinc sulfate, ferrous fumarate,
calcium carbonate, multivitamins and some forms of ginkgo, garlic, and milk thistle
[4, 15-17]. With this respect people living with HIV, who are prescribed HAART,
should better avoid taking them. Cat’s claw and evening primrose oil are found to
increase significantly the levels of selected antiretrovirals and close monitoring for
adverse effects is recommended [18, 19].

2.1.3 Nutrition guidelines and recommendations in Bulgaria

Bulgaria is a country with low HIV infection prevalence in the general popula-
tion (2.8 per 100,000) but still there is a risk of rapid spread of epidemics in certain
“most-at-risk” groups-injecting drug use and sex between men. There is already an
epidemiological evidence for these groups and the main concern is the possibility
of transmission of the infection to the general population [20]. In the resent years
there is also a tendency in increase in the transmission via heterosexual contact
(39% for 2016). The most affected age group is 30-39 years and the number of man
is almost five times higher than the women [21].

In 2016, the Ministry of Health published two methodology guides - one for
antiretroviral treatment and monitoring of adult people living with HIV. The
guidance is based on the European guidelines for treatment and monitoring of
HIV of the European AIDS Clinical Society from 2015 and gives straightforward
recommendations and cautions for interactions between food and Ca, Mg and Al
containing anti-acid medicine with selected available on the pharmaceutical market
antiretroviral medicines and recommendations to the healthcare professionals to
pay attention to possible drug-food and drug-food supplement interactions in case
of treatment failure [22]. The other is a methodology guidance on prophylaxis of
HIV transmission from mother to child was also published. This guidance gives
nutrition recommendations for the children [23].

2.2 Nutrition habits

Nutrition habits and lifestyle play an important role in the overall care process
of different chronic diseases and can contribute to the compliance to the prescribed
pharmacotherapy [24].

Healthy diet, physical activity and proper micronutrient supplementation consistent
with HAART can boost immune response, reduce side effect of medicines, improve the
health status and can help people living with HIV to adhere better to therapy.

Studies have shown that people living with HIV tend to use dietary supplements
as a part of their treatment care plan — mostly antioxidants and supplements from
herbal origin. These patients are also more likely to use internet for searching and
sharing health-related information. This hides a risk of misinformation from non-
reliable sources of health information [25].

Competent healthcare authorities together with different non-profit and
patients’ organizations have developed online sources for health information with
advices for nutrition habits, healthy lifestyle and dietary regimes [26-28].

Most of these sources of information, however, focus on the importance of
nutrition, pay attention on the daily micronutrient intake, energy consumption
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and provide ready dietary recipes. Still there is lack of information concerning the
concordance of different micronutrient supplements with the prescribed antiretro-
viral therapy.

An ongoing study in Bulgaria among people living with HIV and their health-
care providers is evaluating the tendency for utilization of dietary supplements, the
knowledge for possible dietary supplements-drug interactions and the sources of
respective health-related information.

Preliminary results show that 50% of the people living with HIV, participating
in the inquiry, are following healthy lifestyle including active physical activity and
dietary regimes rich in proteins, fats and vegetables. Half of the inquired use dietary
supplements mostly are proteins, amino-acids, vitamin C, vitamin D, fatty acids
and multivitamins.

About 88% of the inquired agree that the balanced healthy dietary regime
is important to boost the immune system and are aware of possible interactions
between the prescribed therapy and the dietary supplements they are taking, 62%
believe that the nutrition is important for HAART adherence.

The preliminary results also show that people living with HIV tend to use inter-
net for health related source of information—86% use internet as a main source of
information concerning nutrition and its impact on the health status and prescribed
therapy. About 71% of these patients rely mostly on the information presented on
the websites of patients’ organizations.

The healthcare providers follow the methodology guidance for treatment and
monitoring of adult people living with HIV issued by the Ministry of health. They
also pay attention to the people living with HIV who are prescribed HAART not to
take St. John’s wort and ginkgo due to negative impact on the therapeutic effect of
the antiretroviral medicines.

These preliminary results are consistent with those found in the literature and
show the increasing tendency of administration of food supplements and the
related with this search of health related information in internet.

3. Practical advices for nutrition and HIV for the Bulgarian health care
setting

3.1 Practical advices for use of dietary supplements

The review of literature shows that the Bulgarian methodology guidance for
treatment and monitoring of HIV in adult people is consistent with the European
guidelines but since 2016, it has not been updated. The latest version (9.1) of the
European guidelines for treatment and monitoring of HIV in adults gives informa-
tion for some possible interactions between the antiretrovirals and Ca, Mg, and Fe
supplements and multivitamins.

Based on this and the preliminary results from the inquiry, the advices for use of
dietary supplements, which interact with available on the Bulgarian pharmaceutical
market antiretrovirals, could be summarized in the following table (Table 1).

It should be noted that the European guidelines for treatment and monitor-
ing of HIV in adults give detailed information on the potent interactions between
micronutrients and particular HAART regime, while those interactions published
in the literature from pharmacokinetic and case-report studies are only for selected
antiretrovirals. That is way when healthcare professionals evaluate the risks of
possible interactions should consider each of the antiretrovirals included in the
HAART. For those possible interactions between medicines and food supplements
for which an advice for use in concordance with HAART or recommendation for
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Dietary Antiretrovirals Potential Caution Source
supplement outcome
Micronutrient supplements
Multivitamins Dolutegravir/abacavir/lamivudine Reduced Take separate [14]
and Al/Ca/Mg therapeutic intime (2 h
supplements effect afteror6 h
before)
Multivitamins Tenofovir disoproxil fumarate/ Reduced Take separate [14]
and Al/Ca/Mg emtricitabine, tenofovir alafenamide/ therapeutic intime (2h
supplements emtricitabine effect afterof 6 h
before)
Multivitamins Dolutegravir Reduced Take separate [14]
and Al/Ca/Mg therapeutic intime 2h
supplements effect afterof 6 h
before)
Multivitamins Raltegravir 1200 mg once daily Reduced Not [14]
and Al/Ca/Mg therapeutic recommended.
supplements effect Instead
and high administer
doses Ca raltegravir
400 mg twice
daily
Zinc sulfate Efavirenz, etravirine, raltegravir, Reduced Chelation [15]
dolutegravir, abacavir, emtricitabine, therapeutic suspected
tenofovir, zidovudine, lamivudine effect
Vitamin C Atazanavir, darunavir, Reduced CYP3A4 [15]
fosamprenavir, lopinavir, ritonavir, therapeutic induction
saquinavir, efavirenz, etravirine, effect suspected
dolutegravir
Dietary supplements of herbal origin—potential CYP3A4 induction mechanism
St John’s wort Atazanavir, darunavir, Reduced CYP3A4 [15]
fosamprenavir, lopinavir, ritonavir, therapeutic induction
saquinavir, efavirenz, dolutegravir effect
Ginkgo Atazanavir, darunavir, Reduced CYP3A4 [15]
fosamprenavir, lopinavi, ritonavir, therapeutic induction
saquinavir, efavirenz, etravirine, effect
dolutegravir
Garlic Atazanavir, darunavir, Reduced CYP3A4 [15]
fosamprenavir, lopinavir, ritonavir, therapeutic induction
saquinavir effect
Milk thistle Atazanavir, darunavir, Reduced CYP3A4 [15]
fosamprenavir, lopinavir, ritonavir, therapeutic induction
saquinavir, efavirenz, etravirine, effect
dolutegravir
Dietary supplements of herbal origin—potential CYP3A4 inhibition mechanism
Cat’s claw Atazanavir, darunavir, Adverse CYP3A4 [15]
fosamprenavir, lopinavir, ritonavir, effects inhibition
saquinavir, efavirenz, etravirine,
dolutegravir
Evening Atazanavir, darunavir, Adverse CYP3A4 and [15]
primrose Oil fosamprenavir, lopinavir, ritonavir, effects CYP2D6
saquinavir, efavirenz, etravirine, inhibition

dolutegravir

Table 1.

Potential interactions between antiretrovirals and micronutrients and dietary supplements of herbal origin
available on the Bulgarian pharmaceutical market.
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no use at all is not reported yet, it is advisable healthcare professionals and people
living with HIV should monitor for possible effects on the therapeutic outcome and
for adverse events.

As the national guidance is not updated in the same pace as the international
ones it is recommendable healthcare professionals to be up-to-date with the most
current recommendations and guidelines.

It is advisable people living with HIV to communicate with their healthcare
professionals possible use of dietary supplements and micronutrients in order to not
to interfere negatively with their prescribed therapy.

3.2 Practical advices for use of health-related sources of information

The preliminary results from the inquiry show that people living with HIV are
more likely to use internet health-care related sources of information related to nutri-
tion and lifestyle. In this respect, in order to prevent misinformation, it is advisable
to recognize reliable sources like websites of the patients’ organizations and trusted
health websites. Most of these websites, however, do not present information about
drug-drug and drug-micronutrient and dietary supplement information. That is way
it is advisable that people living with HIV to communicate with their healthcare pro-
viders the nutrition and lifestyle habits as well. Healthcare professionals can discuss
with them trusted sources of health-related information and recommend such.

4. Discussion

The literature search on the nutrition habits and HIV shows that the competent
health authorities worldwide consistently issue recommendations and guidelines
which could be implemented on national level.

On the basis of the increased need for healthy lifestyle as an important compo-
nent of the treatment process of many chronic diseases and the increased consump-
tion of food supplements [29], more studies with higher significance of the results
should be performed in order to fully evaluate the possible interactions between
different medicines and available food supplements and micronutrients.

The study on the current practice on nutrition habits and HIV in Bulgaria shows that
people living with HIV acknowledge the importance of nutrition and healthy lifestyle
for the adherence and the overall effect of the antiretroviral therapy and the majority
of them are informed about possible interactions between the prescribed antiretroviral
therapy and the dietary supplements and micronutrients they are taking, mostly from
internet. These results are consistent with those published in the literature.

The study has this limitation that the current results are preliminary as it is still ongoing.

The Bulgarian guidelines for treatment and monitoring of HIV in adults are
consistent with the European ones but are not updated and the same pace and
currently do not give information on food supplement-drug interactions. However,
they recommend that healthcare professionals should be aware of such in case of
treatment failure.

Patients’ organizations in Bulgaria are very active and maintain up-to-date
websites and other sources of information like brochures and periodic initiatives
and meetings but still there is a lack of information about the potent interactions
between drugs and dietary supplements in the light of increased consumption of
food supplements in the overall population [30].

It is advisable that people living with HIV communicate more with their health-
care professionals in respect to their nutrition habits in order not to compromise the
therapeutic effect of their prescribed therapy.
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5. Conclusion

The innovations in the medical science and development of new biotechnology
medicines changed the course of the human immune-deficiency virus (HIV) infec-
tion towards a chronic condition and increased significantly the life expectance.

People living with HIV are more likely to follow healthy lifestyle and build
proper nutrition habits but are also willing to use food supplements and micronu-
trients as a part of their care plan. They acknowledge that nutrition habits place an
important role in the improvement of the health status, enhance the adherence and
concordance to prescribed therapy and its effectiveness, reduction in the risk of
adverse drug events and to boost the immune function. However, there is a risk of
possible interactions with the antiretroviral medicines which may result in decrease
of the drug concentrations in the blood plasma and subsequent decreased therapeu-
tic effect and increased risk of viral resistance.

International guidelines are issued periodically to help competent health
authorities and healthcare professions in the process of care of people living with
HIV. The guidelines for treatment and monitoring of HIV in adults and those for
nutrition and HIV already present information about potent interactions between
selected micronutrients and antiretrovirals, but still there are gaps of informa-
tion concerning possible interactions between drugs and food supplements from
herbal origin.

People living with HIV are also more likely to use internet for nutrition
and health-related sources of information. In this light competent authorities,
healthcare professionals and patients’ organizations should place info-vigilance
strategies to monitor the reliability of health-related information in order to
protect consumers from misinformation. People should be advised to use only
trusted medical websites and have closer communication with their healthcare
professionals. They should be also educated how to monitor their health status
and what possible outcomes to expect when using food supplements and micro-
nutrients (desirable or negative) alongside the prescribed antiretroviral therapy
and should always communicate with their healthcare professionals (physicians
and pharmacists) any changes in their nutrition habits. Healthcare professionals
should follow the most up-to-date recommendations in order to individualize
and assure proper nutrition habits as a part of the total treatment plan of people
living with HIV.

More studies are needed to fully evaluate the possible interactions between
the different medicines and available food supplements and micronutrients and
propose mechanism of action in order not to optimize and not to compromise the
desired therapeutic outcomes.
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Chapter 5

Basic Principles of Nutrition, HIV
and AIDS: Making Improvements
in Diet to Enhance Health

Ezinna E. Enwereji, Martina C. Ezeama
and Prince E.N. Onyemachi

Abstract

The relationships among nutritional status, infectious diseases and immune
system suggest nutrition as a cofactor in human immunodeficiency virus (HIV)
progression. Poor nutritional status and HIV infection interact with each other
leading to the development of opportunistic infections, malignancies, debilitation
and death. Infection by human immunodeficiency virus (HIV) is characterized by
progressive destruction of immune system. Malnutrition that is multifactorial is,
therefore, one of the major complications of HIV infection that is poorly addressed
in HIV intervention. Early nutritional intervention when individuals living with
HIV show active weight loss is important in maximizing gain of lean body mass.
Since malnutrition is the major complication of HIV infection, which results in
wasting syndrome, it should be termed as a prognostic factor in advanced HIV
infection though malnutrition is a result of not only HIV infection but also numer-
ous HIV-associated complications. Studies have recommended clinical trials to
evaluate prevalence of malnutrition among those living with HIV so as to examine
the efficacy of supplementing with specific nutrients at various stages of HIV infec-
tion as well as combining therapeutic foods for treating malnutrition with antiret-
roviral treatment in children of HIV-positive mothers. Therefore, good nutrition
guarantees excellent health in HIV infection.

Keywords: HIV, malnutrition, nutrition security, therapeutic foods, lipodystrophy,
opportunistic infections

1. Introduction

Infants born to mothers living with HIV have poorer growth and higher morbidity
and mortality than those born to mothers who are not infected with HIV. Furthermore,
abnormalities in growth are common in children infected with HIV. Children living
with HIV and AIDS are at increased risk of malnutrition. Chronic infections, espe-
cially HIV and AIDS, can lead to poor appetite and growth because food intake and
nutrient absorption which the body needs in order to fight the infection are defective.
The result is a weakened immune system that is ill equipped to fight the virus and
other infections like tuberculosis. This accounts for the severe acute malnutrition seen
in most people living with HIV. To increase the chances of survival of these people,
therapeutic foods for reducing malnutrition should be combined with antiretroviral
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treatment to stop the infection from progressing [1, 2]. Studies indicate that multiple
nutritional abnormalities occur relatively early in human immunodeficiency virus
(HIV) infection, and also that decreased plasma levels of vitamins B6, B12, A, E and
zinc are correlated with dietary intake and associated with significant alterations in
immune response and cognitive function for people living with HIV infection. To
determine the level of intake consistent with normal plasma nutrient levels, there is a
need to examine nutrition status in relation to food consumption and nutrient supple-
mentation in HIV seropositives [3, 4].

In developing countries where most families live in abject poverty and are exposed
to infections due to poor nutrition and sanitation and contaminated drinking water,
the benefits of HIV-positive mothers breastfeeding infants will greatly reduce the risk
of HIV infection when ARVs are combined with good nutrition. In this instance, the
nutrients and antibodies present in breast milk will make the healthiest food for such
babies, thereby providing them with unmatched protections from HIV infection,
diseases and even death. Therefore, good nutrition will lay the foundation for healthy
thriving and productivity of people living with HIV. Now more than ever, there is
global recognition that good nutrition is the key to sustainable development. But good
nutrition is more than about just ending hunger: it is also crucial to achieving some
targets, including ending poverty, achieving gender equality, ensuring healthy lives,
promoting lifelong learning, improving economic growth, building inclusive societies
and ensuring sustainable consumption [5-7]. Nutritional status may have an impact
at all stages of HIV disease since most of the clinical features of HIV infection origi-
nate from nutritional problems which are exacerbated by the presence of malnutri-
tion. However, inadequate food intake, due to a variety of etiologies, malabsorption
and altered metabolism, may also contribute to malnutrition. Additionally, factors in
food, including reduced micronutrient levels, can negatively affect the immune func-
tions and result in increase in the progression of HIV infection at all stages [8-11].

The frequent weight loss in people living with HIV worsens the prognosis of the
infection. Their reduced dietary intake, increased digestive problems and energy expen-
diture result in severe malnutrition. Therefore, the nutritional support and its association
with anabolic agents to promote tissue growth and physical activity should be carefully
selected [12-14]. The adverse effects of some new antiretroviral drugs could influence
the patients’ nutritional state as well as compliance to treatments. In cases where lipo-
dystrophy, whose etiology is still unknown and no treatment has yet been found, and
metabolic disorders like dyslipidemia, glucose intolerance and others occur, particular
attention should be given since these conditions are likely to increase cardiovascular risks
and, moreover, they are generally sensitive to a dietary approach [2, 15, 16].

Achieving and maintaining optimal nutrition is considered an important strat-
egy for ensuring food security for people infected with HIV. A good nutrition can
improve an individual’s immune function, limit disease complications, and improve
quality of life and survival. This is necessary because macronutrient interventions,
such as balanced diet of high protein, high carbohydrate and high fat, will reduce
morbidity and mortality of people living with HIV infection. Evidence has shown
that macronutrient supplementation will reduce HIV-related complications, such
as opportunistic infections or death. Food insecurity has been recognized as the
key driver of HIV epidemic and a potential cause of poor health outcomes among
people living with HIV and AIDS. Food insecurity is linked with heart disease,
diabetes, obesity, depression and is independently associated with incomplete HIV
RNA suppression among HIV-infected individuals [17]. These call for holistic and
comprehensive response in minimizing chronic nutrition insecurity among HIV-
positive persons. Therefore, the need to elucidate ways of sustaining long-term
nutritional support for HIV-positive individuals to minimize nutritional insecurity
and guarantee security in livelihood should not be underestimated.
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2. The foundations of good nutrition

Nutrition is defined as the sum total of the processes by which a living organ-
ism receives materials from its environment and uses them to promote its own vital
activities. The materials which it receives are known as nutrients. Nutrition is also
the science that interprets the relationship between the food consumed and its
function on the living organism. It relates to food intake and functions in the body
for the overall well-being of the individual. It includes the intake of food, liberation
of energy, elimination of waste and all the synthesis or processes that are essential
for the maintenance of growth and reproduction of the individual [18]. The relation-
ship between nutrition and HIV is a vicious cycle, similar to the relationship between
nutrition and other infections. Compromises in nutritional status and poor nutrition
further weaken the immune system and thereby increase susceptibility to opportu-
nistic infections. Poor nutrition increases the body’s vulnerability to infections, and
infections aggravate poor nutrition. Inadequate dietary intake leads to poor nutrition
and lowers immune system functioning. Poor nutrition reduces the body’s ability
to fight infections and therefore helps increase the incidence, severity and length
of infections. Research has shown that clinically, there are synergistic interactions
between infection, nutritional status and immune functions. Infectious diseases,
no matter how mild, will influence nutritional status and conversely cause nutrient
deficiencies that are sufficiently severe to impair resistance to infection [19, 20].

The foundations of good nutrition include improving women’ nutrition before,
during and after pregnancy; promoting and supporting exclusive breastfeeding
for the first 6 months of a child’s life, and continued breastfeeding up to age 2 or
beyond; providing timely, safe, appropriate and high-quality complementary foods
as well as micronutrient interventions. In this regard, nutritional status should be
assessed using biochemical measurement of nutrient levels, dietary history, anthro-
pometry and clinical examination for the signs and symptoms of nutritional defi-
ciency or excess. In managing emergencies, UNICEF’s programs have concentrated
their interventions on foundations of good nutrition, prevention and treatment
of malnutrition to vulnerable groups including those living with HIV and AIDS
irrespective of whether or not they are using highly active antiretroviral therapy
(HAART) which has been postulated to reduce the occurrence of human immu-
nodeficiency virus (HIV)-associated weight loss and wasting. To this assumption,
studies have shown that there is no difference in the extent of wasting experienced
between those who received HAART and those who did not. It has been shown that
the weight loss or wasting in HIV infection can be radically reduced with nutrition
intervention. The good news is that the goal of nutritional intervention is usually
to preserve lean body mass and provide adequate nutrients as well as minimize
symptoms of malabsorption and thereby improve quality of life. This is why specific
nutritional therapy ranges from oral supplements to home total parenteral nutrition
(TPN) which is individualized [21, 22].

Following interventions proffered by several organizations and researchers
to reduce malnutrition among persons living with HIV, the definition of wasting
developed by the Centers for Disease Control and Prevention (CDC) in 1987 has
been adopted by researchers. This definition requires an involuntary weight loss
of >10% of baseline body weight plus diarrhea, fever, or weakness for >30 days to
be termed as wasting. Most researchers have now dropped the comorbid condi-
tions of wasting and have simply espoused weight loss >10% as the definition of
HIV-associated wasting. In the CDC definition, “baseline weight” is neither defined
nor time frame specified for the weight loss. Presently, most researchers are using
the definition of wasting as that which will require a weight loss >5% in a 6-month
period and that in which the weight loss is sustained. Some other studies have
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shown that this level of weight loss can predict mortality and infectious complica-
tions in individuals with AIDS and that reduction in a body mass index to <20 kg/
m” in a 6-month period should be used as an index of wasting among HIV and AIDS
clients when intervening for malnutrition. Because of the uncertainty as to which of
these definitions given above should be adopted as the standard definition of wast-
ing for intervention, the three presented criteria are now being used. Therefore,
weight loss and wasting continue to be common problems for individuals infected
with HIV as well as for those treated with HAART in whom either HAART has
failed or there is lack of tolerance for HAART regimens [23, 24].

Studies have been done to determine whether specific nutrient abnormalities
occur in earlier stages of HIV infection, thereby preceding the marked wasting and
malnutrition that accompany later stages of the infection. It has been found that
even as life expectancy increases with antiretroviral therapy (ART), age-related
comorbidities now contribute to the main burden of disease associated with HIV
infection. These comorbidities have been reported to occur regularly among HIV-
infected individuals, thereby resulting in conditions associated with nutritional
deficiencies that are typically seen in the elderly and in middle-aged HIV-infected
individuals. This suggests that age decline occurs independent of chronological
age in the HIV-infected individuals. These observations have led to the conclusion
that HIV infection accelerates the biological aging process. Therefore, aging in HIV
infection is a multifactorial process involving complex interplay of biological and
non-biological constructs which may differ depending on the socioeconomic and
nutritional statuses of HIV individuals. The prolonged nutritional deficiencies with
chronic coinfections and exposures to more toxic antiretroviral drugs constitute
risks to people living with HIV and AIDS [24]. However, evidence has shown that
patients who enrolled in food supplement intervention while on treatment regimens
self-reported greater adherence to their medications, fewer side effects, increased
weight gain, recovery of physical strength and the resumption of labor activities.
Therefore, promoting sound feeding practices is one of the strategies to ensure good
health for people living positively with HIV and AIDS.

2.1 Nutrition for sustainable development

Ideally, good nutrition lays the foundation for healthy and productive environ-
ments for people living positively with HIV infection. Well-nourished HIV individuals
are more resistant to diseases and crises, and can perform their daily duties better
than those that are poorly nourished. This shows that well-nourished HIV persons are
better able to participate in and contribute to the development of their communities.
Therefore, the benefits of good nutrition for people living positively with HIV act as
the “glue” binding together and supporting their contributions to various facets of a
nation’s development, especially now that there is a global recognition that good nutri-
tion is the key to sustainable development. Specifically, the objective of Goal 2 of the
2015 Sustainable Development Goals (SDGs) aims to “end hunger, achieve food secu-
rity, improve nutrition, and sustainable agriculture” and thereby promote good health.
Therefore, good nutrition is more than just about ending hunger: it also includes
achieving many SDG targets, such as ending poverty, achieving gender equality, ensur-
ing healthy lives, promoting lifelong learning, improving economic growth, building
inclusive societies and guaranteeing sustainable consumption of quality foods. This
will reduce inequalities among persons living with HIV and make sure that guidelines
on appropriate feeding are available to all, including those with limited access to health
care services. Convinced that it is now time for governments in developing countries to
renew their commitment to protect and promote optimal feeding that will guarantee
good health for persons living with HIV and AIDS.
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The level of total intake (diet plus supplements) for all nutrients that would
guarantee optimal health for persons living with HIV should be clearly emphasized
to achieve normal plasma nutrient values since persons living with HIV and AIDS
appear to require nutrient intake in multiples of the recommended dietary allowance
(RDA) for vitamins A, E, B6, B12, iron, zinc and others. Therefore, effective pro-
gram for nutritional supplements may be beneficial in maintaining adequate plasma
nutrient levels for persons living with HIV and AIDS. This means that the biochemi-
cal measurements of nutrient status, dietary history, anthropometry, clinical signs
or symptoms that will show nutritional excesses or deficiencies among persons
living with HIV and AIDS should be regularly done to ascertain their health statuses
since provision of nutritional supplements acts as an adjunct to ART. Though studies
have identified the fear of persons living with HIV developing too much appetite but
not having enough to eat as the major obstacle to their non-acceptance of nutritional
supplements, it should be emphasized that this obstacle should not preclude the pro-
vision of adequate dietary supplements to improve both adherence and prognosis to
those living positively with HIV and AIDS [25, 26]. Therefore, the need to increase
and integrate nutritional supplements into ART programs to improve adherence and
maximize the benefits of therapy should not be underestimated.

This means that the principles of healthy eating for HIV-positive persons to
ensure sustainable development will require that all the necessary food nutrients
are added in the daily meals and in the right proportions. Therefore, meals that will
guarantee optimal health for HIV-positive persons should include:

* adiet high in vegetables, fruits, whole grains and legumes

* lean and low-fat sources of protein

* limited sweets, soft drinks and foods with added sugar

* proteins, carbohydrates and a little good fat in all meals and snacks

Specifically, the HIV-positive individuals should be encouraged to add foods rich
in calories. Foods rich in calories will provide the body with fuel to maintain lean body
mass. To get enough calories, they need to consume the following in these proportions:

* 17 calories per pound of the body weight so as to maintain body weight

* 20 calories per pound of the body weight if an opportunistic infection has occurred

* 25 calories per pound if there is loss of body weight

Protein will help to build the muscles and organs and guarantee strong immune
system for HIV-positive persons and should be consumed in enough quantity. To
get the right proportion and types of protein, HIV-positive persons should aim at
having these in the diet:

* 100-150 grams a day, if an HIV-positive man

* 80-100 grams a day, if an HIV-positive woman

* If there is kidney problem, more than 15-20% of the calories from protein

should not be consumed. This is because too much of such calories will put
stress on the kidney and thereby compromise kidney function.
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Also, lean meat such as pork, beef, skinless chicken, fish and low-fat dairy
products should be consumed. To get extra protein, there is need to add vegetable
proteins such as legumes, nuts, vegetables and others. For carbohydrates which will
give energy, HIV-positive persons should eat the right types and proportions of
carbohydrates by:

* Eating five to six servings of fruits and vegetables each day.

* Adding to the meals fruits with a variety of colors so as to get a wide range of
nutrients.

* Eating legumes and whole grains, such as brown rice, corn and others. However,
if HIV individuals do not have gluten sensitivity, whole-wheat flour, oats and
barley may be good enough for them. But if there is gluten sensitivity, whole-
wheat flour should not be taken. Then, brown rice and potato should form useful
sources of carbohydrate. If HIV individuals are diabetic or pre-diabetic or have
insulin resistance, most of their carbohydrates should come from vegetables.

* The practice of consuming much of simple sugars, such as candy, cake, cookies
and ice cream should be limited for HIV-positive persons.

Fat will provide extra energy. For HIV-positive persons to get enough of the right
kinds of fat for energy, the following should be observed:

* 10% or more of daily calories should come from monounsaturated fats like
nuts, seeds, avocado, fish, canola and olive oils.

* less than 10% of daily calories should be made up of polyunsaturated fats such
as fish, walnuts, flax seed, corn, sunflower, soybean and safflower oil.

* less than 7% of daily calories should be saturated fats like fatty meat, poultry
with skin, butter, whole-milk dairy foods, coconut and palm oils.

* 30% of daily calories should come from fat like omega-3 fatty acid.

Omega-3 fatty acids are essential fats that must be present in the diet of HIV-
positive individuals. Consuming these healthy fats that the body cannot produce
unlike other fats has important benefits for the HIV persons’ body and brain.
However, most HIV-positive people whose meals are mainly made up of standard
Western diet end up not eating enough omega-3 fats. Omega-3 fatty acids are
polyunsaturated fats that the body needs but cannot produce on its own. For this
reason, omega-3 fatty acids are classified as essential fatty acids. There are basi-
cally three important types of omega-3 fatty acids that are beneficial to the health
of HIV-positive individuals. The first is eicosapentaenoic acid (EPA). Thisisa
20-carbon-long chain omega-3 fatty acid, primarily found in fatty fish, seafood and
fish oils. EPA is important in the formation of signaling molecules like eicosanoids
that will reduce inflammation. EPA is effective in protecting HIV persons against
depression. The second type of omega-3 is docosahexaenoic acid (DHA). DHA isa
22-carbon-long chain omega-3 fatty acid primarily found in fatty fish, seafood, fish
oils and algae. The main role of DHA is to serve as a structural component in cell
membranes, particularly in the nerve cells of the brain and eyes. DHA constitutes
about 40% of the polyunsaturated fats in the brain. DHA is very important during
pregnancy and breastfeeding. It helps in the development of the nervous system
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of the fetus. Breast milk contains significant amounts of DHA. The third type of
omega-3 is alpha-linolenic acid (ALA), an 18-carbon-long chain omega-3 fatty

acid found in high-fat plant foods like flax seeds, cotton seed, walnuts and others.
Though it is the most common omega-3 fatty acid found in the diet, it is not very
active in the body. ALA needs to be converted to EPA and DHA before it can be
active. Unfortunately, only about 5% of ALA gets converted to EPA and as little as
0.5% will be converted to DHA. For this reason, HIV-positive persons’ consumption
of omega-3 fatty acids should consist mainly of EPA and DHA than ALA. Most of
the ALA eaten is simply used for energy [27-29].

2.1.1 Health effects of omega-3 fats

Omega-3 fatty acids have both negative and positive effects when consumed in
certain proportions. On the positive side, omega-3 fatty acids have several health ben-
efits in various body systems. For example, studies have shown that omega-3 supple-
ments will significantly lower blood triglycerides. Consuming foods such as salmon,
sardines, cod liver oil and others that contain enough amounts of omega-3 has been
linked to reduced risk of colon, prostrate and breast cancers. Taking omega-3 fatty
acid supplement helps to reduce excess fat in the liver. Consuming omega-3 supple-
ments like fish oil helps to reduce symptoms of depression and anxiety. Inflammation,
pain and other symptoms of autoimmune diseases such as in rheumatoid arthritis
have been reduced using omega-3 supplements. Omega-3 has been found effective in
controlling menstrual pains and in preventing asthma in children and young adults.
DHA if taken during pregnancy and breastfeeding has been found to improve the
intellectual and eye development of the child. Studies have linked a higher intake of
omega-3 to a reduced risk of Alzheimer’ disease and dementia. However, for optimal
health, mainstream health organizations like the World Health Organization and
European Food Safety Authority recommend a minimum of 250-500 mg combined
EPA and DHA each day for healthy adults. The American Heart Association recom-
mends eating fatty fish at least two times per week in order to ensure optimal omega-3
intake for heart disease prevention. For pregnant and breastfeeding women, it is
recommended to add an additional 200 mg of DHA to the recommended intake.

On the negative side, consuming more than the upper limit of omega-3 fatty
acid will have adverse health effects. According to food and drug agencies (FDA),
taking up to 2000 mg of combined EPA and DHA per day from supplements will
be safe, but in high doses, omega-3 fatty acids can cause blood thinning and exces-
sive bleeding. Therefore, care should be taken in the consumption of omega-3 if an
individual has a bleeding disorder or is taking blood-thinning medications. It has
been shown that some omega-3 supplements, especially fish oil, can cause diges-
tive problems and unpleasant fish oil burps because many omega-3 supplements
are high in calories. For example, cod liver oil is very high in vitamin A, and can be
harmful when taken in large doses. The bottom line is that taking up to 2000 mg of
omega-3 per day from supplements is safe according to the FDA, but anything more
than this is classified as lethal. The fact remains that getting enough omega-3 fatty
acid is not difficult when one eats fishes. For instance, when one consumes salmon,
one gets 4023 mg per serving (EPA and DHA). For cod liver oil, one gets 2664 mg
per serving (EPA and DHA); for sardines, 2205 mg per serving (EPA and DHA);
for anchovies, one gets 2338 mg of ALA per serving; for chia seeds or cotton seeds,
one gets 2338 mg of ALA per serving; and for walnuts, 2542 mg of ALA per serving.
Consuming other foods that are high in EPA and DHA such as fatty fish, meat, eggs
and dairy products from grass-fed or pasture-raised animals and other common
plant foods high in the ALA such as soya beans, hemp seeds, walnuts, spinach and
Brussels sprouts can be deleterious to health. However, excess omega-3 in the body
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will be used as a source of energy like other fats. Assuming HIV-positive individuals
have no opportunity of eating fatty fish or seafood, taking omega-3 supplement to
improve both physical and mental health as well as reduce the risk of disease infec-
tions should be seriously considered [30-32].
2.2 Vitamins and minerals

Vitamins and minerals regulate body processes and so people who are HIV-
positive need extra vitamins and minerals in the diet to repair and heal damaged
cells. They need extra vitamins and minerals to boost the immune system. These
vitamins and minerals which should be added in the diet include:

* Vitamin A and beta-carotene, from dark green, yellow, orange, or red vegetables
and fruits including liver, whole eggs, and milk

* Vitamin B, from meat, fish, chicken, grains, nuts, white beans, avocados, broccoli
and green leafy vegetables

e Vitamin C, from citrus fruits

* Vitamin E, from green leafy vegetables, peanuts and vegetable oils

* Selenium, from whole grains, nuts, poultry, fish, eggs and peanut butter

* Zinc, from meat, poultry, fish, beans, peanuts, and milk and other dairy products

Because of the difficulty for HIV-positive persons in getting enough of all the
nutrients needed for optimal health from foods, it is recommended that a multivita-
min/mineral tablet (without extra iron) but containing 100% of the recommended
daily allowance (RDA) should be taken. If at least three servings of high-calcium
food such as green leafy vegetables or dairy foods are not eaten on daily basis,
calcium supplements could be taken in the diet.
2.2.1 Nutrition and HIV: coping with special problems

HIV-positive persons could have a variety of reactions including side effects
from ART medications which should be managed. Here are some of the problems
that HIV persons need to control:

Nausea and vomiting:

To manage nausea and vomiting, they need to:

* Eat bland, low-fat foods, such as plain pasta, canned fruit, or plain broth.

* Eat smaller meals every 1-2 hours.

* Avoid greasy or spicy foods, or foods with strong odors.

* Drink ginger tea or ginger ale or ginger.

* Eat more cold foods and less hot foods.

» Rest after meals, but not to lie down flat.

» Receive medications for nausea.
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Diarrhea: for diarrhea, they need to:

* Drink more fluids than usual including diluted juices.
* Limit taking milk, sugary or caffeinated drinks.

* Eat slowly and more frequently.

* Avoid greasy foods.

Add briefly in the diet bananas, rice, apple sauce and toast (B.R.AT).

* Avoid eating uncooked foods including vegetables but rather eat well-cooked ones.
* Take calcium carbonate supplements or fiber supplements such as wafers.
Lack of appetite: for lack of appetite they need to:

* Add ginger in the diet to help stimulate appetite and improve digestion.

* Avoid drinking too much fluid before meals.

* Make meals as attractive as possible.

* Take smaller but frequent meals.

Add foods rich in antioxidants such as ginger, cranberries, raspberries, blackberries,
walnuts and others.

* Take medications that will stimulate appetite.
Too much weight loss: for this, HIV-positive persons should:
* Include enough protein, carbohydrates and fats in the diet.

* Increase the intake of dietary iron foods such as lean red meat, chicken, fish,
beans, lentils, cashew, spinach, whole-grain bread and others to reduce anemia.

* Eat vitamin C-rich foods during meals to increase the absorption of non-heme iron.

¢ Take cereals and add ice cream to desserts.

Eat dried fruits or nuts for snacks.

* Add nutrition supplements, such as boost, carnation instant and others in the
breakfast.

* Take medications that stimulate appetite and also treat nausea.
Mouth and swallowing problems: these can be controlled by:
* Eating only soft foods such as yogurt, mashed potatoes, or rice.

* Not eating raw vegetables.
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* Eating softer fruits, such as bananas or pears.

* Avoiding acidic foods, such as oranges, lemons and tomatoes.

* Visiting a doctor to rule out opportunistic infections.

Lipodystrophy (fat redistribution syndrome): this can be controlled by:
* Avoiding saturated and transfats in the diet.

* Taking unsaturated fats and sources of omega-3 fatty acids, such as salmon
and tuna.

* Restricting the consumption of alcohol, and refined sugars.

* Preventing insulin resistance by avoiding foods that can raise glucose and
insulin levels, primarily the carbohydrates.

* Eating fiber-rich whole grains, fruits and vegetables.

Even in the absence of opportunistic infections, many people with HIV infec-
tion may experience these health problems; therefore, the relationships between
health problems and nutritional status of HIV-positive persons must be addressed
to achieve the benefits of optimum health [14, 33].

3. Conclusion

Malnutrition can be used as a measure of food insecurity and HIV indi-
viduals with compromised immune system will be at risk of infections when
malnourished. HIV infection leads to many nutritional problems. Conditions
such as malnutrition and opportunistic infections exacerbate HIV infection. The
increased caloric requirements of HIV-positive individuals, the undesirable side
effects of treatment that may be worsened by malnutrition, and the declines in
adherence and possible drug resistance are justifications for strengthening the
nutrition security of HIV-positive individuals including those receiving antiretro-
viral treatment.

For along time, the wasting syndrome has been the most frequently reported
feature of HIV and AIDS. Nutritional and micronutrient deficiencies play impor-
tant role in immune degradation and impaired development in HIV infection.
Proper nutrition complemented by careful implementation of antiretroviral drugs
is essential in the response to HIV and AIDS pandemic. Realizing the value of
nutrition to the health of people living positively with HIV and AIDS, especially
those suffering from severe acute malnutrition, UNICEF supports them with
therapeutic feeding and antiretroviral therapy. That is, UNICEF provides support
for nutritional assessments and counseling to manage HIV infection and the side
effects of antiretroviral drugs. Therefore, body wasting, characterized by loss of
body cell mass, which is frequently experienced by people with HIV infection and
a factor in survival itself can be reduced by UNICEF’s intervention and thereby
minimize rapid weight loss typically associated with episodes of secondary
infections. Therefore, adequate nutrition is a panacea for the good health of HIV
persons.
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