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Background: Highly active antiretroviral treatment is beneficial to suppress human immune virus replication in infected individuals.
However, dyslipidemia and other metabolic abnormalities have emerged due to antiretroviral treatment. The prevalence of dyslipide-
mia in children and adolescents on antiretroviral treatment varies from 20% to 70%. The lack of data on children and adolescents in
Ethiopia was the rationale for conducting this study. We aimed to determine prevalence of dyslipidemia and nutritional status in
children and adolescents on follow-up at Jimma medical center.

Materials and Methods: A hospital-based cross-sectional study was conducted with 150 children and adolescents on follow-up at
Jimma medical center. A systematic sampling technique was employed. An interview was carried out to collect socioeconomic and
demographic data and a review of medical records was carried out to collect patients’ clinical data. Anthropometric data were
computed using the CDC growth chart. About 3—-5mL of fasting blood was collected to measure lipid profile. Multivariable logistic
regression was performed to find the association between risk factors and lipid profile.

Results: The overall prevalence of dyslipidemia in this study was 72%. About 72% and 21.3% of study subjects had low high-density
lipoprotein and high triglyceride, respectively. Significant associations were observed between BMI for age <5% (AOR: 2.02, 95% CI:
1.14-3.66; P=0.015) and low high-density lipoprotein; greater than 150 months on treatment (AOR: 1.02, 95% CI: 1.00-1.03; P=0.01)
and high triglyceride; and BMI for age <5% (AOR: 1.86, 95% CI: 1.03-1.37; P=0.04) and high triglyceride.

Conclusion: BMI for age <5%, treatment duration of greater than 150 months, and parents’ educational level were significantly
associated with dyslipidemia, so it is recommended that monitoring of those variables will help to reduce dyslipidemia and its
complications in children and adolescents receiving treatment.

Keywords: HIV/AIDS, HAART, dyslipidemia, nutritional status, JMC

Introduction
The human immunodeficiency virus (HIV) pandemic is still spreading in the human population worldwide.! The World
Health Organization (WHO) estimated that, of about 1.7 million children under the age of 15 living with HIV, about
160,000 acquired the virus and 98,000 died from HIV-1-related causes in 2021.2

The introduction of antiretroviral therapy (ART) showed valuable results in HIV-infected individuals; it reduced
morbidity and mortality, reduced the incidence of opportunistic diseases, increased length and quality of life, and
improved neural development and linear growth in growing children.”

Protease inhibitors (PIs), like ritonavir (RTV), darunavir and atazanavir, are well known to cause high triglycerides (TG),
high total cholesterol and low high-density lipoprotein cholesterol (HDL-C) levels.® It was found that children and adolescents
on a lopinavir/ritonavir (LPV/r) regimen had a four times greater chance of presenting with hypercholesterolemia and elevated
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TG levels when compared to those do not on ART.”® Atazanavir and darunavir are the newer protease inhibitors and
have safer lipid profiles compared to LPV/r.®

Nucleoside reverse transcriptase inhibitors (NRTIs), especially stavudine, cause long-term metabolic and cardiovascular
complications in children and adolescents. Longer duration of non-nucleoside reverse transcriptase inhibitor (NNRTI)
exposure is modestly associated with high low-density lipoprotein cholesterol (LDL-C) among children and adolescents.®

The prevalence of metabolic abnormalities (including dyslipidemia) among children and adolescents who are taking
ART varies between 20% and 70%, and the risk of developing hypercholesterolemia in children exposed to ART is twice
as high as that for adults, depending on the current ART regimen.’

Dyslipidemia in children and adults increases the risk of developing cardiovascular disease.”'® When atherogenic
lipids are abnormally increased, they cause changes in the cardiovascular system that are independent cardiovascular risk
factors and can be used as surrogates of atherosclerosis.'' In adolescents, elevated levels of LDL-C may cause permanent
changes in coronary arteries, which play a role in ischemic heart disease development.''

In 2022, WHO reported that 149.2 million children aged under five had stunted growth, and 45.4 million had wasted
growth. The number of children with stunting is declining in all regions except Africa. About three-quarters of all of all
children malnutrition occurring in Asia. Malnutrition accounted for about 45% of deaths in under-five children world-
wide in 2022. In the same year, anemia was reported in 40% of those under-five children.'> The prevalence of
malnutrition in HIV-infected children in sub-Saharan Africa is 40%."

The prevalence of malnutrition in HIV-infected children in sub-Saharan Africa is as high as 40%.'® This malnutrition is
a risk factor for poor cognitive development, premature death, and other health consequences.'* Among children with severe
malnutrition, the risk of death is three times higher in HIV-infected children compared to those who are not infected.'

There is evidence that HIV/AIDS patients have a greater chance of developing dyslipidemia due to both highly active
antiretroviral therapy (HAART) and HIV itself. Other risk factors that may contribute to dyslipidemia in HIV/
AIDS patients include family history of dyslipidemia, HIV clinical stage, duration of HAART, lifestyle, and nutritional
status. When compared to those not treated with PI, HIV-positive children and adolescents are less likely to be
malnourished but they develop dyslipidemia.'®

The nutritional status of children and adolescents is compromised in developing countries. The nutritional status of
children and adolescents on ART is associated with improvements in metabolic complications such as hyperlipidemia or
hypercholesterolemia.'” Anthropometric status of children on HAART is influenced by age, preceding comorbidities, and
by programmatic factors. By improving programmatic factors, the nutritional status of HIV-infected children improves.'®

There is a scarcity of reports revealing the association of dyslipidemia with nutritional status in children and
adolescents receiving HAART treatment in the study area. Therefore, we aimed to determine the prevalence of
dyslipidemia and the association of dyslipidemia with associated risk factors including nutritional status of children
and adolescents on follow-up at the Comprehensive Chronic Care and Training Center of Jimma Medical Center (JMC).

General Objective
To determine the association of dyslipidemia with nutritional status of children and adolescents on follow-up at the
Comprehensive Chronic Care and Training Center of JMC from June 20 to October 10, 2022.

Specific Objectives

To determine the prevalence of dyslipidemia, factors associated with dyslipidemia, and the nutritional status of children
and adolescents on follow-up at the Comprehensive Chronic Care and Training Center of JMC from June 20 to
October 10, 2022.

Materials and Methods
Study Population

This hospital-based cross-sectional study included 150 children and adolescents who were on follow-up at the
Comprehensive Chronic Care and Training Center of JMC, Ethiopia from June 20 to October 10, 2022.
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Eligibility Criteria
The inclusion criteria were as follows: patients who were less than or equal to 19 years; patients who did not take appetite
stimulants or did not undergo enteral or parenteral nutrition therapy, and patients who had been on treatment with
HAART for at least three months before the study.

The following conditions were excluded: diabetic mellitus, liver disease, acute or chronic pancreatitis, and diarrhea.
Patients who took lipid-lowering drugs and patients who developed illness within three months before the beginning of
the study were excluded.

Study Participant Selection Process

Sampling Technique

Out of the 257 children and adolescents on HAART follow-up, 150 patients were selected by circular systematic
sampling so that every other individual was selected (see Figure 1).

Sample Size Determination

To the best of our knowledge, it was not possible to find a study with a similar objective in Ethiopia. So, a study with
similar objectives which was conducted in India'® was used. The overall prevalence of dyslipidemia in children and
adolescents was 38.3 according to the Indian study. Sample size was calculated using the single proportion formula.
Taking a 5% non-respondence rate, the sample size was 19 +150 =168.

Study Variables

The study outcome variable was dyslipidemia. The effect variables include: age, sex, income, educational level,
residence, economic status, parent’s educational level, current use of antiretroviral therapy, total duration on ART,
treatment adherence, viral load, CD4" cell count, WHO clinical stage, BMI age percentage, weight for age percentage
and height for age percentage.

The comprehensive chronic care and training center of Jimma medical center provide service for

Children and adolescents
PLWH =3075 less than 19 year=257

\ 4

Proposed
participants=168

164 participants
were eligible v

4 participants were
ineligible two of them had
acute febrile, & two of
them had diarrhea

14 participants were Y
non-respondent

150 were respondent; blood specimen
collected and interview was made

Figure | Flow chart that shows sampling process.
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Data Collection for Socioeconomic and Demographic Markers, Immunologic Markers,
Virological Markers, HAART Regimen and Health Status Data Collection

A structured interview was carried out by professional nurses with both participants and their families to collect

socioeconomic and demographic characteristics, using the interviewer-administered questionnaire method.
Characteristics like viral load, WHO clinical stage, mode of transmission, current use of antiretroviral therapy, total

months on ART, treatment adherence, viral load, and CD4" cell count were obtained by medical record review.

Measurement of Anthropometric Parameters

Height was measured using a stadiometer and weight was taken using calibrated standard balance. BMI for age, weight
for age, and height for age were computed from patients’ data using the CDC reference growth chart. The cut-off value
for nutritional status was based on the percentiles of the CDC 2022 report providing the growth charts of children and
adolescents from 2 to 20 years of age.*”

Specimen Collection and Lipid Profile Measurements

Specimens of about 3—5 mL of fasting blood were collected from HIV-positive children and adolescents after a minimum
of 12 hours fasting during their regular visits to JMC. Following the standard operating procedures and manual of the
Cobas 6000 analyzer at the clinical chemistry unit of JMC, serum specimens were prepared from the collected whole
blood, and the enzymatic colorimetric principle was used to quantify total cholesterol, high-density lipoprotein (HDL)
cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides (TG) using Cobas ¢ 501, a module of the Cobas
6000 analyzer series.

Dyslipidemia was defined according to the American Heart Association guidelines for primary prevention of
atherosclerotic cardiovascular disease beginning in childhood.?' Accordingly, if a patient had any of the following,
a label of dyslipidemia was assigned; hypercholesterolemia: total plasma cholesterol >170 mg/dl; hypertriglyceridemia;
triglyceride >150 mg/dl; LDL cholesterol >130 mg/dl; HDL cholesterol <35 mg/dl.

Statistical Analysis
Data were entered into EpiData version 6.6.0.6 statistical software, and then the data in stata format were exported to
SPSS version 25 for analysis.

The mean differences between HDL-C, LDL-C, and triglyceride and independent variables were tested by indepen-
dent sample #-test. ANOVA with post hoc test was used to test the mean lipid level differences against independent
variables that have more than two categories. A binary logistic regression analysis was carried out to select nominate
variables at entry probability of <0.25. Only variables with a p-value of <0.05 remained in the final multivariable logistic
regression model.

Results

Socioeconomic and Demographic Characteristics

Out of 150 respondents, 77 (51.3%) were boys and 73 (48.7%) were girls. The mean age of the study participants in years
was 14.78 (SD=3.18). Most of the study participants resided in urban areas (n=124, 82.7%) rather than rural areas (n=26,
17.3%). Most of the study participants’ families were government employees (n=39, 26%). For about 41.3% of study
participants’ families, primary school was the highest educational level achieved. The majority (54.7%) of study
participants were from the middle average (2250-9080 birr per month) economic class. The details are available in
Table 1.

Patients’ Immunologic Markers, HAART Regimen, and Health Status

The majority of the study participants (139, 92.7%) had suppressed recent viral load. Above three-fourths of the study
participants (77.3%) had good treatment adherence. Majority of the participants (68.7%) were on TDF+3TC+DTG
combination therapy (Table 1).
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Table | Socioeconomic and Demographic Characteristics, Inmunologic Markers, HAART Regimen and Health
Status Characteristics of Children and Adolescents on ART Follow-Up at JMC, 2022

Characteristics N (%) Characteristics N (%)
Sex Recent viral load copies/ mL

Male 77 (51.3) <400 copies/mL 139 (92.7)

Female 73 (48.7) 400-1000 copies/mL 11 (7.3)
Age in number (mean/SD) 14.78 (3.18) >1000 copies/mL 0
Residence Mode of transmission

Urban 124 (82.7) Horizontal 0

Rural 26 (17.3) Vertical 150 (100)
Family occupation Treatment adherence

Farmer 36 (24) Poor 12 (8)

Merchant 32 (21.3) Fair (<95%) 22 (14.7)

Government employee 39 (26) Good (295%) 116 (77.3)

Others 35 (23.3) WHO clinical stage

No parents/unknown 8 (5.3) | 142 (94.7)
Parents’ educational status Il 8 (5.3)

llliterate 16 (10.7) HAART regimen

Write and read 18 (12.0) TDF+3TC+DTG 103 (68.7)

Primary 62 (41.3) ABC+3TC+DTG 9 (6)

Secondary 36 (24) TDF+3TC+ATV/r 24 (16)

Certificate and above |2 10 (6.7) ABC+3TC+LTV/r 8 (5.3)

No parents 8 (5.3) AZT+3TC+DTG 6 (4)
Parents’ economic status Months on treatment (mean/SD) 150 (34.86)

Low average 40 (26.7) Baseline CD4+ (mean/SD) (n=127) 882.12 (454.1)

Middle average 82 (54.7) Current CD4+ (median/IQ) (n=65) 1001.67 (830)

High average 20 (13.3)

No parents 8 (5.3)

Notes: All values are n (%) unless specified; n number of participants.

Prevalence of Dyslipidemia
The overall prevalence of dyslipidemia in children and adolescents was 72%. About 108 (72%) of study subjects had low
HDL-C (<35mg/dL), 32 (21.3%) had triglyceride (=130mg/dL), and there was no abnormality in total cholesterol and LDL-C.

Nutritional Status

In this study, abnormality in nutritional status was found and described as follows: height for age of <5% was found in 81
(54%) participants, weight for age of <5% was found in 65 (43.3%) participants, and BMI forage of >95% was found for
5 (3.3%) participants (Table 2).

Lipid Profile Status vs HAART
Dyslipidemia was higher among those who used a combination of TDF, 3TC and ATV/R and TDF+3TC+DTG
(Figure 2).

Dyslipidemia and Its Associated Factors
The mean differences in lipid levels with different variables are presented in Table 2. There was a significant mean
triglyceride level difference according to BMI for age (P=0.02), mean HDL-C level difference according to HAART (p
<0.001), mean HDL-C level difference according to BMI for age (p <0.001), and mean triglyceride level difference
according to weight for age (p =0.02) (Table 3).

In assessing the risk factors for dyslipidemia using binary logistic regression, the following factors showed
a significant association with lipid level: residence of participant, parents’ educational level, type of HAART regimen,
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Table 2 Anthropometric Characteristics of Children and
Adolescents on ART Follow-Up at JMC 2022

Anthropometric characteristics N (%)
Stature (height) for age %

<5% 81 (54)
25-85% 69 (46)
Weight for age %

<5% 65 (43.3)
25-85% 85 (57.7)
BMI for age %

<5% 45 (30)
25-85% 97 (64.7)
285-95% 3(2)
295% 5@3.3)

total duration of treatment, treatment adherence, parents’ economic status, weight for age, and BMI for age. However, in
multivariable logistic regression, BMI for age of <5% (AOR: 2.02, 95% CI: 1.14-3.66, P=0.015) with HDL-C of
<35 mg/dl, treatment duration (AOR: 1.02, 95% CI: 1.00-1.03, P=0.01) with triglyceride of >130mg/dl, BMI for age of
<5% (AOR: 1.86 95% CI: 1.03-1.37, P=0.04) with triglyceride of >130 mg/dl, and parents’ primary and secondary
educational level with normal lipid level were shown to be statistically significant associations.

Figure 2 Lipid profile status of children and adolescents according to the treatment regimen used at JMC, 2022.
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Table 3 Anthropometric, Gender and Regimen Mean Differences in Children and Adolescents on HAART
by Lipid Profile Level at JMC, 2022

Characteristics Mean HDL-C mg/dl | p-value Mean p-value
triglyceride mg/dl

Stature (height) for age percentile®
<5% 26.8 0.172%* 108.7 0.292°*
25-85% 287 100.2

Weight for age percentile®
<5% 29 0.078** 914 0.02°%*
25-85% 26.6 114.7

BMI for age percentile®
<5% 28.7 0.308 932 0.088
25-85% 27.3 0.308 107.8 0.088
285-95% | <0.001* 201.1 0.02%

Gender®
Male 21.5 0.85 98.8 0.84
Female 27.8 11

HAART regimen®
TDF+3TC+DTG 28.3 0.1 106 0.126
ABC+3TC+DTG 24 0.1 80.8 0.126
TDF+3TC+ATV/r 21.2 <0.001* 115.8 0.414
ABC+3TC+LTVIr 35.6 0.012 94.6 0.495
AZT+3TC+DTG 36 0.02 75.1 0.123

Notes: *Independent sample t-test, "post hoc test. **P-value of unequal variance by independent sample t-test. *Statistically significant b/n

groups.

Abbreviation: HAART, Highly active antiretroviral treatment.

Furthermore, children and adolescents with parents who had attended only primary school were 7.3 times more likely

to have a normal lipid level, and those whose parents had attended secondary school were 5.15 times more likely to have

a normal lipid level than those whose parents were illiterate (Table 4).

Table 4 Multivariable Logistic Regression: Association of Independent Variables with Abnormal Lipid Level for HDL-C and Triglyceride and

Non-Dyslipidemia

Variables HDL-C < 35mg/dI TG =130mg/dl Dyslipidemia
Yes No
AOR | X? | P-value | AOR | X? | P-value | AOR | X? | P-value | AOR | X? | P-value
Treatment duration
2 150 months 0.35 0.92 0.33 1.02 10.28 0.0l 035 | 092 037 NA NA NA
<150 months (R)
BMI for age
BMI for age <5% 2.02 5.88 0.015 1.86 423 0.04 2.0 5.8 0.015 NA NA NA
BMI for age = 5% (R)
Parent’s education level
Secondary education 0.9 6.4 0.0l NA NA NA NA NA NA 7.3 49 0.027
Certificate and above 12 0.53 0.4 0.52 NA NA NA NA NA NA 9.5 5.15 0.023
llliterate (R)

Notes: Non-dyslipidemia: when all of HDL- triglyceride, LDL- or total cholesterol within reference range.
Abbreviations: HDL-C, high density cholesterol; TG, triglyceride; AOR, adjusted odd ratio; X2, chi-square; BMI AZ, body mass index for age z-score; NA, not applicable;

R, reference category.
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Discussion
In the current study the prevalence of dyslipidemia among children and adolescents receiving antiretroviral treatment was
72%. Moreover, this study found that a BMI for age of <5% in children and adolescents and treatment duration were
associated with abnormally low HDL-C.

The high prevalence of dyslipidemia in this study is consistent with the finding of other research conducted so far in
South Africa (75%) and Uganda (74%).”*> The consistency might be due to the fact that HAART commonly
causes dyslipidemia, similarity in participants’ standard of living; similarity in the age group of participants; and
similarity in the nature of the studies.

In this study, it was found that the children and adolescents receiving HAART had abnormal HDL-C as the most
frequent abnormality (72%), followed by hypertriglyceridemia (21.3%); however, abnormalities in total cholesterol and
LDL-C were not seen. This was not consistent with the study conducted in India, in which hypertriglyceridemia (22.2%)
was reported as the most frequent abnormality, followed by abnormal HDL-C (3.7%)."° Hypertriglyceridemia was the
most frequent (43.8%) abnormality followed by low HDL-cholesterol (38.8%) as reported in a cross-sectional study
conducted in Bangkok.”> Around the globe, the prevalence of dyslipidemia among HIV-infected children receiving
antiretroviral (ARV) therapy differs. The reasons for the high prevalence of dyslipidemia in the current study might be
due to genetic differences.

The most common lipid abnormality in the current study was low HDL-C (72%). Comparing our results with others
in the field, we found that our 72% low HDL-C rate was higher than those in South Africa (57%, 13%"**) and Uganda
(31.5%%). The difference might be due to genetic differences, and long treatment duration in the case of the current
study. In the current study, a high prevalence of dyslipidemia was found in those taking TDF+3TC+ATV/r and TDF+3TC
+DTG: this is consistent with research conducted in Brazil, El Salvador, and Latin American cohort studies.!®>¢%’

On assessing the risk factors for dyslipidemia, some studies did not find a significant relationship between low HDL-
C and PI-based regimen, age, sex, WHO HIV clinical stage, and total duration of HAART,25 which is similar to the
current study. But in the present study, a statistically significant association was observed between >150 months on a
HAART regimen and abnormal triglyceride (AOR: 1.02, CI: 1.00-1.036, p=0.01).

In a study conducted in Tamil Nadu, India, total duration of ART was significantly associated with dyslipidemia
(P=0.01).%® This is supported by the data of current study, in which treatment duration of >150 months was statistically
significant among those who had TG of >150mg/dL (AOR: 1.02, CI:1.00-1.036, P=0.01).

In a pre-pubertal cohort of children in Durban, South Africa,'® it was found that the prevalence of stunting was 54%
(95% CI: 46-62) and of being underweight was 37% (95% CI: 29—45). Their finding of stunting is in line with the 54%
of stunting 30% of being underweight in the current study. This consistency might be due to equal sample size and
identical treatment regimen used in both studies.

A report from a cohort of HIV-infected Latin Americans showed that the type of ART regimen received was associated
with the risk of developing an abnormal triglyceride level. This is not in agreement specifically with triglyceride in the current
study. The difference in nature of the study, in their case the majority of study participants were less than ten years old and the
cut-off value for triglyceride of <10 years was <110 mg/dL, would explain the difference.?’

A report from 15 sites in Brazil, Mexico, and Argentina indicated that children who were underweight had
a significant risk of having higher triglyceride levels than children with a normal BMI (AOR: 2.1, 95% CI: 1.1-4.2).*’
It is in line with the current study (AOR: 1.86, 95% CI: 1.03-3.37, P=0.04). Using the same method for defining
dyslipidemia would be the reason for similarity in results.

This study did not find a significant association between lipid profile parameters and sex of participants, in contrast to
a report from El Salvador in which boys were nearly twice more likely to have low HDL-C than girls (P=0.025). But,
there is almost complete consistency in BMI for age of <5% being directly associated with high TG (our study = AOR:
1.86, 95% CI: 1.03-3.37, P=0.04; El Salvadoran study = AOR: 1.22, 95% CI: 1.04—1.45). In addition, HDL-C <35 mg/dl
was also associated with BMI for age of <5% (AOR: 2.2, 95% CI: 1.14-3.66, P=0.015) in the current study.?

Most of the pediatric studies established an association between dyslipidemia and a PI-containing HAART regimen.

27,30

Longitudinal analysis showed that an association between hypertriglyceridemia and Pl-containing HAART regimen
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(p <0.001); BMI (p=0.10) and country of residence (p=0.02);** and hypertriglyceridemia and low body mass index. In the
current study, hypertriglyceridemia was also associated with BMI for age <5%. Unlike their study, the present study was single
center research.*”

According to a cross-sectional study conducted in Jakarta, Indonesia, involving 96 children younger than 17 years,
most of the participants fell in the well-nourished category, and none were severely malnourished. Dyslipidemia was
observed in 20% of malnourished subjects in their study.®’ This finding is similar to the current study’s finding: BMI for
age of <5% accounted for 23% of participants with dyslipidemia.

Another study that supports the present study was conducted in Abuja, Nigeria.** Their study revealed that risk
factors for dyslipidemia include BMI risk factor for total cholesterol, and BMI risk factor for high density lipoprotein
cholesterol. In their case, BMI was a risk factor for total cholesterol, but in our case this is not true. It is possible that the
difference could be explained by the fact that total cholesterol was reported only as normal in the present investigation.

In children and adolescents, HIV infection has decreased with HAART; at the same time, they suffer from
dyslipidemia that is associated with the treatment and virus. The dyslipidemia results from treatment associated with
drug regimens, nutritional status, and other risk factors as described by other research.

Conclusion

In the present study, high prevalence of dyslipidemia (72%) was found in children and adolescents on follow-up at Jimma
Medical Center. Over half of study subjects were of short stature, almost a half were underweight, and a few had BMI for
age of <5%. Treatment duration of >150 months, BMI for age of <5%, and parents’ educational level were significantly
associated with dyslipidemia, so it is recommended that monitoring of those variables will help to reduce dyslipidemia
and its complications in children and adolescents receiving treatment.
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