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CLINICAL SCIENCE

Associations BetweenCentral Obesity and Lifelong Antiviral
Therapy in Adults Living With HIV Acquired From Early

Childhood

Seynt Jiro Sahagun, BA,a Teja Yeramosu, BA,a Julia B. Purdy, MSN, CRNP,b

James C. Reynolds, MD,c and Colleen M. Hadigan, MD, MPHa

Background: Little is known regarding the long-term effects of
antiretroviral (ARV) exposure on body composition for people living
with HIV (PLWH) since early childhood. This study explores
changes in body fat distribution in relation to ARV exposure.

Methods: We conducted a prospective study of adults with
perinatal HIV (n = 70) using dual-energy X-ray absorptiometry
and standard anthropometrics. Trunk to limb fat ratio and waist to
hip ratio were compared cross-sectionally to 47 matched controls.
Furthermore, changes in body composition and ARV exposure were
evaluated longitudinally in a subset of 40 PLWH with a median
follow-up of 7 years.

Results: Cross-sectional comparisons of PLWH with controls
revealed significantly higher waist to hip ratio, trunk to limb fat
ratio, HOMA-IR, and triglycerides, whereas BMI did not differ.
Among PLWH with longitudinal follow-up, the prevalence of
overweight increased from 27.5% to 52.5% and obesity from
12.5% to 25%; waist to hip and trunk to limb fat ratios also
increased (P, 0.0001). Changes in waist to hip ratio were positively
correlated with longer exposure during follow-up to darunavir
(r = 0.36; P = 0.02), whereas increases in trunk to limb fat ratio
were positively correlated with longer exposure to stavudine
(r = 0.39; P = 0.01) and didanosine (r = 0.39; P = 0.01) but
inversely associated with emtricitabine (r = 20.33; P = 0.04).

Increases in waist to hip ratio were correlated with increases in
triglyceride levels (r = 0.35; P = 0.03).

Conclusion: This study presents strong evidence for persistent and
worsening central adiposity in young adults with lifelong HIV and
extensive ARV exposure. As this cohort ages, continued evaluation
of the body composition and metabolic impact of lifelong ARV
therapy is warranted to optimize long-term health.

Key Words: central obesity, lipodystrophy, perinatal HIV, hyper-
lipidemia, antiretroviral therapy

(J Acquir Immune Defic Syndr 2022;89:208–214)

INTRODUCTION
Although the introduction of antiretroviral therapy has

dramatically decreased morbidity and mortality associated
with HIV/AIDS, antiretroviral (ARV) medications have also
been linked with metabolic complications and alterations in
body fat distribution, also known as lipodystrophy.1–3 These
unintended medication effects may be especially important
for the unique group of individuals who acquired HIV early in
life. People living with HIV (PLWH) from the earliest
generation of children with transfusion-acquired and perinatal
transmissions are now adults approaching their fourth decade
of life with extensive ARV exposure. Metabolic complica-
tions and lipodystrophy contribute to insulin resistance,
hyperlipidemia, and endothelial dysfunction, which may
increase the risk of cardiovascular disease.3 Therefore,
recognizing the long-term impact of ARV exposure in young
adults infected with HIV in early childhood is of
great importance.

The etiologies of these complications in PLWH are not
entirely known but may be associated with a complex
interaction between consequences of the virus itself, chronic
use of ARVs, and underlying inflammatory processes. Pre-
vious studies have demonstrated a link between metabolic
abnormalities, lipodystrophy, and most classes of ARVs,
including nucleoside reverse transcriptase inhibitors
(NRTIs),4,5 non-NRTIs,6 and protease inhibitors (PIs).7,8

More recently, the advent of integrase strand transfer
inhibitors, in particular dolutegravir, has also been associated
with considerable weight gain and other related metabolic
complications.9–11

Received for publication July 29, 2021; accepted October 11, 2021.
From the aLaboratory of Immunoregulation, National Institute of Allergy and

Infectious Diseases (NIAID), Bethesda, MD; bCritical Care Medicine
Department, National Institutes of Health (NIH) Clinical Center, Bethesda,
MD; and cRadiology and Imaging Sciences, National Institutes of Health
(NIH) Clinical Center, Bethesda, MD;

Supported by the National Institutes of Health through the National Institute
of Allergy and Infectious Diseases Intramural Research Program and the
National Institutes of Health Clinical Center.

The authors have no conflicts of interest to disclose.
The abstract for this article was presented at the International Workshop on

Comorbidities and Adverse Drug Reactions in HIV held virtually on
December 1, 2020.

Supplemental digital content is available for this article. Direct URL citations
appear in the printed text and are provided in the HTML and PDF
versions of this article on the journal’s Web site (www.jaids.com).

Correspondence to: Colleen M. Hadigan, MD, MPH, Laboratory of
Immunoregulation, National Institute of Allergy and Infectious Diseases
(NIAID), 10 Center Drive, 11C0103, Bethesda, MD 20892 (e-mail:
hadiganc@niaid.nih.gov).

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

208 | www.jaids.com J Acquir Immune Defic Syndr � Volume 89, Number 2, February 1, 2022

Copyright © 2021 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

http://www.jaids.com
mailto:hadiganc@niaid.nih.gov


While many studies evaluating alterations in body fat
distribution among PLWH rely on anthropometric measures
(ie, body mass index, hip and waist circumferences, and
skinfold thickness), dual-energy X-ray absorptiometry
(DEXA) provides a more comprehensive assessment of
regional body fat distribution as well as lean body mass and
body composition.12 The current study builds on previous
findings of body composition and metabolic abnormalities
among a cohort of young adults living with HIV acquired in
childhood2 and utilizes DEXA along with other anthropo-
metric evaluations to directly assess the potential long-term
associations between ARVs and body composition. Insights
into the complications associated with long-term ARV
exposure may promote the development of preventive
strategies to optimize health outcomes and reduce the risk
for cardiometabolic comorbidities in this unique group of
individuals with lifelong HIV.

METHODS

Subjects
Young adults who acquired HIV in early childhood,

either perinatally or transfusion-acquired, were enrolled and
followed in a prospective, longitudinal, cohort study at the
National Institutes of Health (ClinicalTrials.gov
NCT01656564). Written informed consent was obtained from
participants and/or legal guardians when appropriate. The
study was approved by the National Institute of Allergy and
Infectious Diseases Institutional Review Board.

PLWH completed annual clinical evaluations between
July 2000 and September 2019. Healthy volunteers were
prospectively recruited for a single assessment to serve as a
comparator group with similar distributions of age, sex, race,
and ethnicity to that of existing PLWH cohort. Cross-
sectional analysis was performed in healthy controls com-
pared with PLWH at their most recent follow-up visits. The
subset of PLWH who had a baseline and at least one follow-
up visit that included a body composition evaluation with
DEXA were included in longitudinal data analyses.

Study Protocol
Each participant regardless of HIV status completed the

following clinical evaluations at their baseline visit: medical
history, physical examination, and body composition using
anthropometrics and whole-body DEXA. Laboratory deter-
mination at each visit included fasting glucose, insulin, lipid
profile, and CD4 T-cell count. For PLWH, detailed medical
record extraction was completed to obtain lifetime ARV
exposure and nadir CD4 T-cell count. Total years of ARV
exposure was calculated for each participant with further
delineation of duration by medication class and individual
agents. PLWH received medical care independent of the
study and were evaluated regardless of ARV adherence, total
CD4 T-cell count, or viral suppression.

Metabolic Parameters
We used the homeostatic model of insulin resistance

[fasting insulin (mU/L) · fasting glucose (mmol/L)/22.5;
HOMA-IR]; insulin resistance was defined as a HOMA-IR
of. 4. Abnormal fasting lipid levels and metabolic syndrome
were defined based on the criteria set by the National
Cholesterol Education Program Adult Treatment Panel.13

Hypertriglyceridemia was defined as triglyceride .150 mg/
dL, abnormal low-density lipoprotein cholesterol (LDL-c)
as $ 130 mg/dL, and abnormal high-density lipoprotein
cholesterol (HDL-c) as ,40 mg/dL for men or 50 mg/dL for
women. Metabolic syndrome (MetS) was defined as having at
least 3 of 5 abnormal characteristics: waist
circumference .102 cm (men) or 88 cm (women), blood
pressure $130/85 mmHg or taking antihypertensive medica-
tions, triglyceride .150 mg/dL or taking a lipid-lowering
medication, HDL-c ,40 m/dL (men) or 50 mg/dL (women),
and fasting glucose .100 mg/dL.14

Body Measurements and DEXA
Standard anthropometric measurements were obtained

including waist and hip circumferences. Body mass index
(BMI) was calculated from height and weight measurements.
Whole-body DEXA (Hologic QDR4500A; Marlborough,
MA) was completed for all participants at baseline visit and
approximately every 5 years for PLWH who were evaluated
longitudinally. Regional and total body fat measures by
DEXA were reviewed by a single radiologist for quality,
positioning, and technique to provide more accurate detail of
regional fat distribution. The waist to hip ratio (waist
circumference/hip circumference) was used along with the
trunk to limb fat ratio (total trunk fat/sum of total fat in all 4
limbs) to quantify the regional distribution of body fat.

Statistical Analyses
Clinical characteristics are summarized using

mean 6 SD. Nonnormally distributed variables are presented
as a median with interquartile range (IQR) or log-transformed
to approximate a normal distribution. Cross-sectional com-
parisons were completed between groups using the last
available follow-up visit data for PLWH and the one-time
visit data for the control group using t-tests and x2 likelihood
ratio statistics. Longitudinal analyses were conducted using
the paired t test for normally distributed and the Wilcoxon
signed-rank test for nonnormally distributed changes in
metabolic parameters and body composition between baseline
and follow-up among the subset of PLWH. Mean annual
changes in waist circumference, waist to hip ratio, and trunk
to limb fat ratio were calculated by dividing the difference of
each parameter over the duration of follow-up for
every PLWH.

The duration of use for each individual ARV agent was
reported as median (IQR). Regression analyses were calcu-
lated using data from all participants, regardless of duration of
exposure or lack thereof. However, individual ARV agents
were included in the analysis only if at least 10 participants
had exposure to the agent. In the cross-sectional study,
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univariate linear regression was conducted to identify poten-
tial relationships between body composition and cumulative
ARV exposures. In the longitudinal study, univariate linear
regressions were initially performed to examine the relation-
ships between changes in body composition and change in
duration of ARV exposure during follow-up. ARV classes
and individual ARV agents identified as significant in
univariate analyses were then entered into multivariate
regression models of change in measures of body composi-
tion which also included duration of follow-up in the model.
Similar analyses were performed for changes in metabolic
characteristics, including log-transformed triglycerides and
HOMA-IR, to account for changes potentially due to age and
duration of follow-up.

All statistical analyses were performed using SAS JMP
Statistical Software (Version 14.3; SAS Institute Inc., Cary,
NC), using a 2-tailed alpha level of 0.05 to establish
statistical significance.

RESULTS

Cross-Sectional Analysis of PLWH
and Controls

PLWH (n = 70) who completed at least one evaluation
were included in cross-sectional comparison with healthy
volunteers (n = 47) who were similar in age, sex, race, and
ethnicity distributions. Participant demographics and clinical
characteristics at their last follow-up are displayed in Table 1.
Of the PLWH, 54% (38/70) had HIV RNA ,50 copies/mL
and the median (IQR) ARV exposure was 16.2 years
(9.0–20.7) at the last follow-up. Of the PLWH for whom
nadir CD4 T-cell count was available, 49% (25/51) had a
nadir ,200 cells/mm3.

PLWH had significantly lower HDL-c and higher
diastolic blood pressure, fasting insulin, HOMA-IR, and
triglyceride levels relative to the control group (Table 1).
The prevalence of hypertriglyceridemia (17% vs. 4%;
P = 0.03) and insulin resistance (35% vs. 11%; P = 0.002)
were also significantly higher compared with healthy con-
trols. The 2 groups were similar regarding systolic blood
pressure, fasting glucose, total cholesterol, and LDL-c.
Metabolic syndrome was more common among PLWH,
although this difference was not statistically significant
(13% vs. 4%; P = 0.1).

PLWH were significantly shorter, although weight and
BMI were not significantly different relative to the control
group. The prevalence of obesity (PLWH 20% vs. control
17%) and overweight (PLWH 47% vs. control 51%) in the
cross-sectional cohort also did not differ significantly between
groups (P. 0.05). The waist to hip ratio and trunk to limb fat
ratio were significantly higher in PLWH relative to controls.
The individual components of each ratio, namely, waist and
hip circumferences as well as trunk and limb fat, were not
significantly different between the 2 groups.

Table 2 presents the correlations between measures of
body composition and cumulative ARV exposure by class
and individual agent among PLWH. There were modest
positive correlations between waist to hip ratio and cumula-

tive exposure to NRTIs, non-NRTIs, and PIs. The trunk to
limb fat ratio was positively correlated with cumulative NRTI
exposure. Neither waist to hip nor trunk to limb fat ratios
were associated with cumulative exposure to integrase strand
transfer inhibitors. Analyses within each medication class
further revealed that waist to hip ratio was positively
correlated with cumulative exposure to tenofovir disoproxil
fumarate, nevirapine, and ritonavir, whereas trunk to limb fat
ratio was positively correlated with stavudine, tenofovir, and
nelfinavir. The complete list of individual agents and the
median duration of exposures for each agent may be found in
Table 1, Supplemental Digital Content, http://links.lww.com/
QAI/B748.

TABLE 1. Demographics and Clinical Characteristics at Last
Follow-Up Visit

HIV + (N = 70)
Control
(N = 47) P

Age, median (IQR) 26 (23–29) 26 (23–28) 0.97

Sex, n (%) 0.56

Male 29 (41) 22 (47)

Female 41 (59) 25 (53)

Hispanic ethnicity, n (%) 12 (17) 9 (19) 0.78

Race, n (%) 0.79

White 27 (39) 18 (38)

Black 35 (50) 26 (56)

Native American 2 (3) 1 (2)

Mixed race 6 (9) 2 (4)

CD4 T-cell count, cells/mm3 542 6 361 830 6 305 ,0.0001

CD4 T cell % 26 6 14 43 6 7 ,0.0001

Systolic blood pressure, mm
Hg

118 6 13 116 6 10 0.28

Diastolic blood pressure, mm
Hg

72 6 9 69 6 7 0.03

Insulin, mIU/mL 16 6 11 11 6 6 0.001

Glucose, mg/dL 94 6 38 89 6 7 0.25

HOMA-IR 3.8 6 3.1 2.5 6 1.6 0.002

Total cholesterol, mg/dL 161 6 36 164 6 30 0.63

Triglyceride, mg/dL 120 6 102 68 6 38 0.0002

Log triglyceride 4.57 6 0.6 4.13 6 0.4 ,0.0001

HDL-c, mg/dL 48 6 14 61 6 14 ,0.0001

LDL-c, mg/dL 89 6 29 89 6 30 0.97

Metabolic syndrome, n (%) 9 (13) 2 (4) 0.10

BMI, kg/m2 26.8 6 7.0 26.2 6 4.9 0.57

Height, cm 164.1 6 8.8 169.6 6 9.3 0.002

Weight, kg 71.9 6 18.0 75.3 6 16.2 0.29

Waist to hip ratio 0.91 6 0.1 0.84 6 0.1 ,0.0001

Waist circumference, cm 91.3 6 15.3 87.1 6 12.2 0.11

Hip circumference, cm 99.4 6 14.3 103.8 6 15.4 0.12

Trunk to limb fat ratio 0.98 6 0.3 0.76 6 0.2 ,0.0001

Trunk fat, kg 10.3 6 6.2 8.9 6 4.1 0.16

Limb fat, kg 11.0 6 6.7 11.8 6 4.8 0.47

Percentage body fat 29.7 6 11.1 28.5 6 8.7 0.52

Percentage trunk fat 27.9 6 10.7 25.4 6 8.3 0.16

Values are mean 6 SD unless indicated.
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Longitudinal Follow-Up of PLWH
The median duration of follow-up was 7 years (IQR

5–10 years) for the subset of PLWH (n = 40) who completed
at least 2 DEXA scans and anthropometric measurements.
The mean differences over the follow-up period are presented
in Table 3. Total CD4 count and rates of viral suppression did
not change significantly during follow-up. Only HDL-c
significantly increased while there were no significant
changes in total cholesterol, LDL-c, triglycerides, blood
pressure, insulin, or HOMA-IR. During the course of
follow-up, 10% (4/40) of PLWH received antihypertensive
medications and 20% (8/40) received lipid-lowering medica-
tions. The median duration of ARV exposure during follow-
up by class and individual agents are included in Table 1,
Supplemental Digital Content, http://links.lww.com/QAI/
B748.

Both waist to hip ratio and trunk to limb fat ratio
significantly increased from first assessment to last follow-up,
along with their individual components: waist circumference,
hip circumference, trunk fat, and limb fat. There was a mean
(SD) annual increase of 1.24 (1.20) cm for waist circumfer-
ence, 0.004 (0.01) for waist to hip ratio, and 0.02 (0.04) for
trunk to limb fat ratio. The change in duration of general
classes of ARVs during follow-up was not significantly
related to changes in either waist to hip or trunk to limb fat
ratios. However, longer exposure to specific agents through-

out follow-up correlated with body composition changes. The
increase in waist to hip ratio was positively correlated with
greater increase in exposure to darunavir (r = 0.36; P = 0.02).
The increase in trunk to limb fat ratio was positively
correlated with greater increase in exposure to didanosine
(r = 0.39; P = 0.01) and stavudine (r = 0.40; P = 0.01). There
was also a significant inverse correlation between the
increases in trunk to limb fat ratio and longer exposure to
emtricitabine (r = 20.33; P = 0.04) during follow-up, but not
with tenofovir DF (r = 20.22; P = 0.17). Each of the
statistically significant correlations remained significant after
adjusting for the duration of follow-up in a multivariate
regression (data not shown).

Although metabolic parameters remained relatively
stable over time, the increase in waist to hip ratio was
positively correlated with the change in log-transformed
triglyceride (r = 0.35; P = 0.03, Fig. 1) and remained
significant after a multivariate regression controlling for
follow-up duration. Changes in HOMA-IR were not corre-
lated with changes in either waist to hip ratio (r = 0.23,
P = 0.18) or trunk to limb fat ratio (r = 0.19, P = 0.26). The
observed changes in BMI were not statistically associated
with changes in the duration of ARV agents. There were
considerable increases in the prevalence of overweight 27.5%
to 52.5% and obesity 12.5% to 25% during the follow-
up period.

DISCUSSION
In this natural history study, young adults who acquired

HIV in early childhood demonstrated a heightened risk for
metabolic disorders compared with those without HIV.
Hyperlipidemia and insulin resistance were both strikingly
common among PLWH. Body fat distribution also tended to
be central with adipose tissue accumulation preferentially in
the truncal region, relative to those without HIV. Although
BMI and biomarkers for lipid and glucose metabolism did not
change significantly between baseline and last follow-up,
noticeable increases in waist to hip circumference ratio and
trunk to limb fat ratio were observed and may reflect the
residual lipodystrophic effects of extensive ARV use since
early childhood and adolescence.

The increased prevalence of MetS among individuals
with perinatally acquired HIV has been demonstrated in
previous studies. In particular, Auripubul et al15 reported
10.6% MetS prevalence among Thai adolescents living with
HIV with a mean age of 20 years. Arrive et al16 also reported
a 13.2% and 10.4% prevalence of MetS among French men
and women of the same age group, respectively. Within our
cohort, we identified similar results with a 13% prevalence of
MetS among PLWH, which, although not significantly
different from the 4% among non-HIV controls, may
represent a meaningful progression of metabolic disorders
among this young adult cohort. Older PLWH, regardless of
HIV acquisition history, have been identified to have
significantly higher rates of MetS relative to comparator
groups.17,18 For example, in a large cohort of PLWH in Spain,
Jerrico et al18 found that MetS increased from 5.1% in those

TABLE 2. Cross-Sectional Correlations Between Body
Composition and Cumulative ARV Exposure by Class and
Individual Agents at the Last Visit in PLWH (N = 70)

Waist to Hip Ratio, r (P) Trunk to Limb Fat Ratio, r (P)

NRTI 0.29 (0.01) 0.31 (0.01)

Abacavir 0.004 (0.97) 20.05 (0.70)

Didanosine 0.04 (0.78) 0.18 (0.15)

Emtricitabine 0.23 (0.06) 0.17 (0.15)

Lamivudine 0.06 (0.60) 0.10 (0.42)

Stavudine 0.16 (0.19) 0.42 (0.0003)

Tenofovir DF 0.36 (0.002) 0.24 (0.047)

Zidovudine 0.11 (0.41) 20.09 (0.47)

NNRTI 0.24 (0.04) 0.07 (0.54)

Efavirenz 0.05 (0.70) 20.05 (0.65)

Nevirapine 0.28 (0.02) 0.17 (0.17)

Rilpivirine 20.08 (0.52) 20.03 (0.79)

PI 0.28 (0.02) 0.13 (0.28)

Atazanavir 0.04 (0.74) 0.06 (0.61)

Darunavir 0.20 (0.10) 20.05 (0.67)

Indinavir 0.09 (0.48) 0.05 (0.67)

Lopinavir 0.15 (0.22) 0.03 (0.83)

Nelfinavir 0.08 (0.52) 0.35 (0.003)

Ritonavir 0.29 (0.01) 0.11 (0.36)

INSTI 0.12 (0.31) 0.06 (0.61)

Elvitegravir 0.03 (0.83) 0.03 (0.83)

Dolutegravir 20.09 (0.48) 20.13 (0.27)

Raltegravir 0.16 (0.18) 0.10 (0.41)

DF, disoproxil fumarate; NNRTI, nonnucleotide reverse transcriptase inhibitor; PI,
protease inhibitor.
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younger than 30 years to 27% in those aged 50–59 years,
indicating exacerbation of known age-related increase in risks
for cardiovascular disorders among those living with HIV.
These findings highlight the need for careful monitoring of
individual components of MetS among this cohort, specifi-
cally dyslipidemia, glucose intolerance, and
abdominal obesity.

Lipid biomarkers for cardiovascular health normally
worsen with age as a result of certain changes in diet and
lifestyle.19,20 We observed the opposite trend during follow-
up among PLWH, with a significant increase in HDL-
cholesterol with small, but nonsignificant, decreases in log-
transformed triglycerides and cholesterol. These changes
could be a result of unique factors, including wider avail-
ability of dietary and lifestyle guidance as well as closer
health monitoring associated with living with a chronic health
condition.21 The use of lipid-lowering medications may have
also contributed to the observed changes in lipids in the
present cohort. Alternatively, it may represent a correction of
PI-induced dyslipidemia from baseline with less exposure to
certain PIs in particular.8,22 We previously reported a 52%
prevalence of hypertriglyceridemia in a subset of this cohort
during their adolescence.2 In this study, the rate of hyper-
triglyceridemia was 17% at the last follow-up visit, although
it was still higher relative to controls. The number of PLWH

on a PI-based agent decreased from 22 of 40 to 16 of 40 over
follow-up, and those who remained tended to receive
ritonavir-boosted agents with more favorable lipid profile
effects.23 In addition, compared with healthy volunteers, we
found higher triglycerides and lower HDL-cholesterol in the
PLWH, 84% of whom had lifetime exposure to either
nelfinavir or ritonavir. Although none of the lipid biomarkers
correlated with ARV exposure, we found that nelfinavir and
ritonavir were correlated with trunk to limb fat ratio and waist
to hip ratio, respectively. The observed lipid alterations may
be indirectly driven by exposure to these agents through
residual central adiposity acquired in childhood and adoles-
cence. Overall, although dyslipidemia tended to improve,
20% of PLWH were receiving lipid-lowering medications
during follow-up. PLWH had comparatively worse lipid
profiles relative to those without HIV which may be
associated with persistent alterations in body composition.
As this cohort ages, monitoring for lipid biomarkers with
abdominal obesity warrants continued attention to reduce the
risk for cardiovascular disorders.

We previously reported that increased waist to hip ratio
and longer exposure to stavudine and didanosine were
significant predictors of insulin resistance in PLWH youth
and adolescents.2 This is in contrast to our present findings in
which levels of HOMA-IR did not correlate with waist to hip

TABLE 3. Longitudinal Changes in a Subset of HIV+ Subjects (N = 40)

Baseline Last Visit P Mean Difference

CD4 T-cell count, cells/mm3 603 6 445 633 6 370 0.62 31 6 409

CD4 T cell % 41 6 91 30 6 13 0.14 211 6 90

HIV RNA ,50 copies/mL, n (%)† 19 (49) 24 (60)

Systolic blood pressure, mm Hg 117 6 13 119 6 12 0.33 2.3 6 11.4

Diastolic blood pressure, mm Hg 69 6 9 72 6 8 0.07 2.4 6 8.7

Insulin, mIU/mL* 22 6 25 20.3 6 13.4 0.79 21.9 6 24.0

Glucose, mg/dL 90 6 12 92.6 6 9.9 0.052 3.1 6 15.7

HOMA-IR* 5.4 6 8.3 4.8 6 3.6 0.96 20.71 6 8.4

Total cholesterol, mg/dL† 168 6 42 165 6 36 0.07 22 6 39

Triglyceride, mg/dL† 161 6 141 130 6 109 0.10 229 6 154

Log triglyceride† 4.85 6 0.7 4.65 6 0.6 0.06 20.19 6 0.65

HDL-c, mg/dL† 45 6 12 49 6 14 0.04 4.0 6 13

LDL-c, mg/dL† 100 6 34 90 6 33 0.12 29.5 6 34

Metabolic syndrome, n (%) 7 (18) 6 (15) 0.76

BMI, kg/m2 23.4 6 5.3 26.9 6 6.3 ,0.0001 3.5 6 3.5

Height, cm 162.1 6 11.0 164.5 6 9.0 0.006 2.4 6 5.4

Weight, kg 62.0 6 16.9 73.0 6 18.3 ,0.0001 11.0 6 10.2

Waist to hip ratio 0.91 6 0.1 0.93 6 0.09 0.02 0.02 6 0.07

Waist circumference, cm 83.5 6 14.4 93.2 6 17.0 ,0.0001 9.8 6 9.5

Hip circumference, cm 91.6 6 12.2 100.0 6 14.2 ,0.0001 8.0 6 9.6

Trunk to limb fat ratio 0.99 6 0.37 1.08 6 0.37 0.002 0.09 6 0.24

Trunk fat, kg 7.1 6 5.4 10.9 6 6.7 ,0.001 3.8 6 3.5

Limb fat, kg 7.5 6 5.7 10.5 6 6.4 ,0.001 3.0 6 2.8

Percentage body fat 23.8 6 11.2 29.5 6 11.6 ,0.001 5.8 6 5.7

Percentage trunk fat 22.3 6 10.7 28.7 6 11.3 ,0.001 6.4 6 6.1

Values are mean 6 SD unless indicated.
*Data available for 38 PLWH.
†Data available for 39 PLWH.
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ratio, trunk to limb fat ratio, or the duration of ARV exposure.
However, we found that waist to hip ratio was associated with
cumulative exposure to tenofovir, nevirapine, and ritonavir,
whereas trunk to limb fat ratio was associated with stavudine,
tenofovir, and nelfinavir. The individual components of these
body composition ratios did not significantly differ in either
the cross-sectional or longitudinal analyses. The present
finding of persistent central fat distribution may be a carry-
over effect from childhood but is now contributing to
metabolic complications that are normally seen with aging,
even among those without HIV.17

There are limited available normative data for changes
in waist to hip ratio and trunk to limb fat ratio in the general
population and we did not have a non-HIV comparison group
in our longitudinal study. Alternatively, waist circumference
provides a comparative point of reference to ascertain
whether the changes in body composition among our cohort
differ relative to the general population. It is widely
demonstrated that changes in waist circumference normally
varies by age and sex.24 In a 5-year longitudinal study
following a large non-HIV cohort between late adolescence
and early adulthood, Orlandi et al25 found an annual waist
circumference increase of 0.75 cm in men and 0.88 cm in
women. Considering the 1.24 cm per year increase in waist
circumference observed in our cohort, individuals living with
HIV from early childhood may have different waist circum-
ference trajectories compared with the non-HIV population
within the same age group.

The use of a tenofovir-based regimen among most of
our cohort could account for some of the observed improve-
ments in insulin resistance and dyslipidemia during follow-
up. The TULIP study group demonstrated that tenofovir/FTC,
when added to PI monotherapy, may have lipid-lowering
effects.26 Furthermore, the increased use of tenofovir/FTC
over the NRTIs stavudine and didanosine may account for the
observed protective effect of greater exposure to emtricitabine
on trunk to limb fat ratio during follow-up, considering that
the 2 agents are typically coformulated. Although it was
nonsignificant, longer exposure to tenofovir over follow-up

tended to be associated with a lower increase in trunk to limb
fat ratio. In a 12-year longitudinal study of HIV-infected adult
men, Price et al21 also demonstrated that switching from
stavudine to abacavir or tenofovir was associated with a
reduced likelihood of lipodystrophy. We also identified that
the trunk to limb fat ratio was more strongly correlated with
cumulative exposure to stavudine compared with tenofovir.
When we analyzed the relationship between change in trunk
to limb fat ratio with change in duration of exposure to
individual agents over follow-up, continued exposure to
didanosine was linked with worsening trunk to limb fat ratio.
These relationships remained significant even after adjusting
for the duration of follow-up.

Previous literature indicates switching from PI-based
therapy to nevirapine-containing regimens may result in a
more favorable lipid profile.27–29 Although nevirapine use
was not significantly associated with lipid levels, we identi-
fied a deleterious association between greater exposure to
nevirapine and waist to hip ratio. Central obesity has been
previously associated with nevirapine-containing regimens in
PI-naive individuals.30 In children, nevirapine-based treat-
ment was also associated with a greater prevalence of central
hypertrophy.31 Thus, our finding, although limited by the
small sample size and shorter duration of exposures, is in
agreement with previous observations of the effects of
nevirapine use on central obesity.

One strength of this study is the detailed longitudinal
characterization of the clinical and metabolic parameters of a
unique cohort of young adults who have lived with HIV
throughout most of their lives. Considering the extensive
exposure of this group to multiple ARV agents, we present a
comprehensive history that includes biomarkers for metabolic
disturbances and detailed characterizations of body composi-
tion. In combination with our previous observational studies
of this cohort describing cardiovascular health32 as well as
bone and renal health,33 we provide further knowledge that
could potentially guide treatment and care for the aging
population of PLWH exposed in their early life.

The limited number and short duration of exposures for
certain ARVs highlight an important potential limitation. As
such, some observations, nevirapine in particular, may be
spurious and should be further scrutinized in larger cohort
studies as discussed above. Although we did not use a
standardized rating system to score lipodystrophy, the use of
whole-body DEXA and anthropometrics provides objective
quantification of body fat distribution, which, in the case of
waist to hip ratio, may be accurate and accessible in resource-
limited settings. It is important to note that our findings
cannot establish direct causality and that behavioral factors
that may affect lipids and body composition, such as dietary
habits, exercise, alcohol, and tobacco use, were not included
in the analyses. Finally, because the longitudinal component
of the study lacks a comparator non-HIV group, the observed
alterations in body composition during follow-up may be
attributable to normal changes seen in the general population
of the same age group.

In conclusion, individuals who acquired HIV in early
childhood were more likely to demonstrate central obesity
compared with those without HIV. Using DEXA scans and

FIGURE 1. Change in waist to hip ratio plotted against the
change in log-transformed triglyceride level (mg/dL) calcu-
lated from baseline to last follow-up in 39 PLWH (r = 0.35,
P = 0.03); 1 participant with history of hyperlipidemia was
excluded from analysis.
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anthropometrics, we measured body fat distribution over an
average of 7 years. We also identified associations between
body composition and metabolic parameters as well as the
duration of exposure to certain ARVs. These findings
underscore the long-term persistence and associated risk
factors of central adiposity among PLWH who have lifelong
ARV exposure which may translate to increased metabolic
disturbances and enhanced risk of cardiovascular disorders in
future decades.
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