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A B S T R A C T

Aims: Although evidence suggests that antiretroviral therapy (ART) use may contribute to obesity in individuals
with HIV infection, the alleged association between ART use and obesity in HIV-infected patients remains
controversial due to differences in patient characteristics and study designs. Additionally, cocaine is commonly
used among those with HIV infection and may affect body weight. The main objective of this study was to
examine the interactive effects of ART regimens and cocaine use on obesity in adults with HIV infection.
Methods: Between 2003 and 2014, 672 HIV-infected study participants who resided in Baltimore, Maryland,
were enrolled in a study investigating HIV/ART-associated comorbidities. Robust linear regression and multiple
logistic regression models were conducted to examine whether cocaine use modified the association between
antiretroviral drugs and body weight status.
Results: Adjusted regression analyses showed that duration of protease inhibitor use was significantly associated
with lower BMI (β=−0.012, SE= 0.005, p < 0.05) and a reduced risk of obesity (OR=0.313, 95%
CI=0.135, 0.724) in cocaine non-users, while no such association was found in cocaine users.
Conclusions: Our findings suggest that reducing cocaine use may alleviate ART-associated weight gain in adults
with HIV infection.

1. Introduction

With the development and increasing availability of antiretroviral
therapy (ART), life expectancy of HIV-infected patients has improved
dramatically (Passaes and Saez-Cirion, 2014). Currently 1.1 million
people aged 13 and older are estimated to live with HIV in the US, a half
of whom are persons aged 50 years and older (Centers for Disease
Control and Prevention, 2017; Huang et al., 2015). As HIV-infected
people live longer, non-AIDS chronic conditions, such as coronary ar-
tery disease (CAD), diabetes mellitus, kidney disease, and cancer, have
become frequent causes of death among older people with HIV infection
(Effros et al., 2008). Obesity, a major public health challenge in the US,
is an important modifiable risk factor for the abovementioned chronic
diseases (Kearns et al., 2014).

Obesity is highly prevalent among HIV-infected people, especially
among those who initiated ART treatments (Koethe et al., 2016). Ex-
isting evidence demonstrates an association between ART regimens and
the development of obesity (Anuurad et al., 2010; Sharma et al., 2014).
Laboratory and clinical studies have shown that protease inhibitors

(PIs) may inhibit lipoprotein lipase, impair lipoprotein catabolism and
pre-adipocyte differentiation, interfere with insulin signaling pathways,
and affect body fat storage and distribution (Anuurad et al., 2010). A
study of 1177 females enrolled in the Women's Interagency HIV Study
found that PI- and nonnucleoside reverse-transcriptase inhibitor
(NNRTI)-based drugs were significantly associated with higher BMI, but
nucleoside reverse-transcriptase inhibitors (NRTIs) were associated
with lower BMI (Sharma et al., 2014).

In addition to its adverse effects on HIV disease progression and
prognosis (Kapadia et al., 2005), chronic cocaine use has been shown to
suppress appetite, reduce fat storage, and cause weight loss in both
animal and epidemiological studies (Ersche et al., 2013; Roebber et al.,
2015). Although cocaine is commonly used by HIV-infected people
(Kumar et al., 2015), very few studies examined possible modification
effects of long-term cocaine use on ART-induced obesity in patients
with HIV infection. We have reported modification effects of chronic
cocaine use on HIV/ART-associated subclinical CAD and myocardial
steatosis in HIV-infected adults (Lai et al., 2016, 2017). The objective of
this investigation was to assess whether cocaine use modifies the
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associations of various types of ART regimens with obesity in those with
HIV infection, using baseline cross-sectional data from a cohort of
participants aged 21 years or older in Baltimore, Maryland, USA.

2. Subjects, materials and methods

2.1. Study participants

Between August 2003 and September 2014, 1053 adult study par-
ticipants with HIV infection were recruited from inner city of Baltimore,
Maryland, USA to take part in an observational study that aimed to
explore the impacts of HIV infection, cocaine use, ART, and other risk
factors on subclinical atherosclerosis. HIV infection status was assessed
by ELISA and confirmed by Western blot test. None of the participants
had known or symptoms of CAD. The study protocol was approved by
the Institutional Review Board at the Johns Hopkins School of
Medicine. All the participants provided the written informed consent.
All the study procedures followed institutional guidelines.

2.2. Substance use and ART therapy

The study participants were interviewed by trained research staff
and answered questions on their cigarette smoking, alcohol consump-
tion, duration and frequency of cocaine and other illicit drug use,
medical history, and medications including HIV regimens. Cocaine use
was self-reported and defined as chronic use of cocaine by any route for
at least 6 consecutive months and administered at least 4 times per
month. Cocaine users who used other drugs such as opiates, benzo-
diazepines, or methamphetamine were included. Infrequent cocaine
users other than chronic cocaine users (< 6 consecutive months or< 4
times per month) were excluded from the final analyses. Individuals
who reported never using cocaine were considered cocaine non-users.
The final sample included 672 subjects, i.e., 408 cocaine users and 264
cocaine non-users.

Medical charts were reviewed to confirm information on self-re-
ported medical history and medications administered. ART regimens
were categorized into three types: PIs, NRTIs, and NNRTIs. Durations of
ART regimens were measured in months. According to median values,
ART use was dichotomized as> 12 months vs. ≤12 months for
PIs,> 24 months vs. ≤24 months for NRTIs, and>0 months vs.= 0
month for NNRTIs.

2.3. Body weight measurements as outcome variables

Body weight and height were measured by nurses at the clinical
research unit and used to calculate body mass index (BMI, kg/m2).
Weight status was classified as underweight if BMI<18.5 kg/m2,
normal weight if 18.5 kg/m2 ≤BMI< 25 kg/m2, overweight if 25 kg/
m2 ≤BMI<30 kg/m2, and obesity if BMI ≥30 kg/m2 (World Health
Organization, 2000).

2.4. Covariates

During face-to-face interviews, participants answered questions on
their sociodemographic characteristics such as marital status, employ-
ment, education level, and annual household income. Participants were
asked to recall their weight at age 20 and BMI at age 20 was calculated
accordingly. Baseline CD4 cell counts and HIV viral loads were ab-
stracted from medical charts. Blood samples were obtained after over-
night fasting. Blood hemoglobin levels were measured with complete
blood count by Quest Diagnostics (Baltimore, Maryland).

2.5. Statistical analyses

Descriptive and regression analyses were conducted using SAS
software (version 9.4; SAS Institute, Cary, NC). Medians and

interquartile ranges (IQRs) were calculated for continuous variables,
e.g., age, BMI, and durations of ART regimens. Distributions of selected
demographic and lifestyle characteristics were described using pro-
portions. The continuous and categorical variables were compared be-
tween cocaine use subgroups using the nonparametric Wilcoxon rank-
sum test and chi-square test, respectively.

All the models were fitted for overall subjects, cocaine users, and
cocaine non-users, separately. The associations of lifestyle and clinical
risk factors with BMI were examined using linear regression models. As
compared to conventional multiple linear regression models based on
least squares, least trimmed squares (LTS) estimation method was less
sensitive to outliers and high leverage points (Rousseeuw and Leroy,
1987). Given the presence of non-normal distributions and outliers of
our data, robust linear regression models using LTS were built to pro-
vide robust estimates of explanatory variables. Logistic regression
models were performed to examine the associations between various
risk factors and obesity.

Univariate regression models were first fitted to evaluate the un-
adjusted associations between body weight status and individual risk
factor, i.e., age, gender, current cigarette smoking, current alcohol use,
years of cigarette smoking, years of alcohol consumption, marital
status, employment, education, annual household income, BMI at age
20, blood hemoglobin, baseline CD4 cell count, baseline HIV viral load
level, durations of PI use, durations of NRTI use, and durations of
NNRTI use. Those factors that were significant at the p < 0.15 level in
the univariate models were included in the multivariate regression
models to investigate the combined effects of these risk factors on BMI
and obesity. By repeating the process of eliminating, refitting, and
verifying, the variables were removed in a stage wise manner and the
final models only contained the variables that made significant con-
tributions. All the tests were two-sided and p < 0.05 was considered to
be statistically significant.

3. Results

3.1. Selected characteristics by cocaine use status

Among the 672 participants with HIV infection, 60.7% were cocaine
users, 62.7% were male, 63.7% were current cigarette smokers, 66.4%
were never married, and 81.1% were unemployed (Table 1). Approxi-
mately 95% of the participants were African Americans; therefore race/
ethnicity was not adjusted in the regression models. The median value
was 47 years (IQR 42–51 years) for age and 25.3 kg/m2 (IQR
22.2–29.5 kg/m2) for BMI. Cocaine users were significantly older, more
likely to currently smoke, and have longer-term cigarette smoking and
alcohol drinking as compared to cocaine non-users (all p < 0.05).
Gender, current alcohol consumption, blood hemoglobin levels, BMI,
and durations of ART treatments did not significantly differ between
two subgroups (all p > 0.05). The overall prevalence rates of obesity
and overweight were 23.2% and 28.9% respectively, which did not
significantly differ between cocaine users and non-users (p > 0.05).
The prevalence of underweight was 4.6% and combined with normal
weight group in the final analyses.

3.2. The associations of durations of ART regimens with BMI, stratified by
cocaine use status

The associations between ART durations and BMI were presented in
Table 2. The multivariate robust regression analyses of the overall
sample showed that being female (β=3.171, SE=0.461, p < 0.05),
current cigarette smoking (β=−1.807, SE=0.436, p < 0.05), BMI
at age 20 (β=0.628, SE=0.052, p < 0.05), and blood hemoglobin
levels (β=0.576, SE= 0.143, p < 0.05) were significantly associated
with BMI. Cocaine use modified the associations between duration of PI
use and BMI. Although multivariate analyses showed that durations of
ART regimens were not independently associated with BMI in cocaine
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users, duration of PI use was significantly associated with lower BMI
(β=−0.012, SE=0.005, p < 0.05) in the individuals who had never
used cocaine. No such association was found for NRTIs or NNRTIs.

3.3. The associations of durations of ART regimens with obesity, stratified
by cocaine use status

According to logistic regression models (Table 3), being female
(OR=4.433, 95% CI= 2.695, 7.291) and BMI at age 20 (OR=1.394,
95% CI= 1.289, 1.508) were significantly associated with increased
risk of obesity in the overall sample. Multiple logistic regression ana-
lyses showed that duration of PI use was significantly associated with a
lower risk of obesity (OR=0.313, 95% CI= 0.135, 0.724) in cocaine
non-users.

4. Discussion

This study examined whether chronic cocaine use may modify ART-
induced obesity in individuals with HIV infection. We found that (1)
duration of PI-based therapy was inversely associated with BMI and
obesity in those who had never used cocaine (both p < 0.05); (2) no
such association was observed for the use of NRTIs or NNRTIs (all
p > 0.05); and (3) chronic cocaine use was not associated with BMI
and obesity in adults with HIV infection (all p > 0.05).

Much attention has been paid to metabolic adverse effects of ART
regimens since their clinical application in HIV-infected patients. PIs
have strong affinity for the catalytic site of HIV-1 protease enzyme (da
Cunha et al., 2015), which is approximately 60% homologous to two
important proteins involved in lipid metabolism, i.e., cytoplasmic re-
tinoic-acid binding protein type 1 (CRABP-1) and low density lipopro-
tein-receptor-related protein (LRP) (Navia et al., 1989). It is hypothe-
sized that PIs may bind to CRABP-1 and LRP, impair differentiation of
peripheral adipocytes, reduce triglyceride storage, inhibit hepatic up-
take of chylomicrons, and then lead to peripheral lipodystrophy and
central adiposity (Carr et al., 1998). NRTIs interfere with HIV reverse

transcriptase activity via phosphorylation (Jiang et al., 2007). In-
tracellular and intramitochondrial phosphorylation of NRTIs may in-
hibit pol-γ, deplete mtDNA, and induce mitochondrial dysfunction in
various tissues including adipose tissue (Lewis and Dalakas, 1995).
NNRTIs do not require phosphorylation to achieve antiviral activities,
and are considered substitutes for NRTIs and PIs in HIV-infected pa-
tients prone to atherosclerosis (Kline and Sutliff, 2008). However,
NNRTIs have been shown to strongly impair lipid metabolism and
adipocyte differentiation in vitro (Erlandson and Lake, 2016; Minami
et al., 2011).

The findings on ART-associated obesity have remained inconclusive.
A multi-center randomized trial suggested immediate weight gain fol-
lowing ART initiation in treatment-naïve patients with HIV infection
(Gallant et al., 2004). A study among ART-naïve patients observed
significantly positive associations of BMI change with the use of PIs but
not with other ART agents after 6 and 24 months of ART initiation (Tate
et al., 2012). The Women's Interagency HIV Study showed that PIs and
NNRTIs were significantly associated with higher BMI, while NRTIs
were associated with lower BMI (Sharma et al., 2014). A longitudinal
study of 495 HIV-infected patients observed a significant increase in
body weight after switching from NNRTI-based to PI-based ART regi-
mens (Norwood et al., 2017). However, an observational cohort study
of 1214 HIV-infected adults indicated no significant associations be-
tween any ART drugs including PIs and weight gain (Taylor et al.,
2014). Furthermore, a prospective study of 1682 patients from the US
Military HIV Natural History Study found that NRTI agents were sig-
nificantly associated with weight loss, and there was no association of
PIs and NNRTIs with weight gain (Crum-Cianflone et al., 2010).

A major finding of this investigation was that the ART-associated
obesity was significantly modified by cocaine use of HIV-infected pa-
tients. Both multivariate linear and logistic regression analyses sug-
gested that cocaine reduced use may minimize adverse effects of PI-
based therapy by decreasing the likelihood of developing obesity. The
results of this investigation were consistent with our prior findings,
which have reported that cocaine abstinence or reduced use may

Table 1
Characteristics of study participants by cocaine use status (n=672).a

Characteristics All Cocaine use Cocaine non-use P valueb

N (%) 672 408 (60.7) 264 (39.3)
Age (years) 47 (42–51) 48 (44–52) 45 (36–51) <0.001
Male (%) 421 (62.7) 255 (62.5) 166 (62.9) 0.921
Race (%) 0.072
Non-Hispanic black 638 (94.9) 392 (96.1) 246 (93.2)
Non-Hispanic white and others 34 (5.1) 16 (3.9) 18 (6.8)
Current cigarette smoking (%) 428 (63.7) 310 (76.0) 118 (44.7) <0.001
Years of cigarette smoking 24 (7–32) 29 (20–35) 10 (0–25) <0.001
Current alcohol use (%) 234 (34.8) 139 (34.1) 95 (36.0) 0.611
Years of alcohol use 18 (3–29) 20 (7–30) 10 (1–21) <0.001
Never married 446 (66.4) 266 (65.2) 180 (68.2) 0.424
Unemployed 545 (81.1) 363 (89.0) 182 (68.9) <0.001
Education < high school 254 (37.8) 191 (46.8) 63 (23.9) <0.001
Annual household income <$5000 260 (38.7) 192 (47.1) 68 (25.8) <0.001
Body mass index at age 20 (BMI, kg/m2) 22.9 (20.7–25.3) 22.8 (20.7–25.1) 23.1 (20.6–25.5) 0.372
Hemoglobin (g/dL) 13.1 (12.1–14.2) 13.1 (12.1–14.1) 13.4 (12.2–14.3) 0.130
CD4 count at baseline (cells/mm3) 345 (213–565) 331 (206–563) 373 (230–567) 0.320
HIV RNA load at baseline (copies/mL) 1440 (202–43762) 2750 (220–53858) 400 (202–28104) 0.179
Duration of ART therapy (months) 36.0 (5.9–86.5) 36.0 (5.9–84.0) 36.0 (8.4–96.0) 0.378
Duration of PI therapy (months) 12.0 (0–53.0) 12.0 (0–48.0) 12.0 (0–60.0) 0.553
Duration of NRTI therapy (months) 24.0 (1.9–70.0) 24.0 (1.9–61.0) 25.5 (0.9–82.5) 0.369
Duration of NNRTI therapy (months) 0 (0–15.0) 0 (0–12.0) 0 (0–20.5) 0.098
Body mass index (BMI, kg/m2) 25.3 (22.2–29.5) 25.1 (22.3–29.0) 25.6 (22.1–30.7) 0.545
Body weight status 0.164
Obesity 156 (23.2) 84 (20.6) 72 (27.3)
Overweight 194 (28.9) 127 (31.1) 67 (25.4)
Normal weight 291 (43.3) 177 (43.4) 114 (43.2)
Underweight 31 (4.6) 20 (4.9) 11 (4.1)

a Median (interquartile range) was presented for continuous variables, and proportion (%) was presented for categorical variables.
b Nonparametric Wilcoxon rank-sum test was used to compare continuous variables. Chi-square test was used to compare categorical variables.
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alleviate ART-associated coronary stenosis, myocardial and hepatic
steatosis, and dyslipidemia (Lai et al., 2016, 2017; Li et al., 2018). The
mechanisms underlying the modification effects of chronic cocaine use
on the relationships between ART treatments and obesity remain un-
clear. Existing literature has suggested that cocaine use may alter body
weight by dysregulating transcript peptides in discrete hypothalamic

nuclei associated with eating, lowering circulating leptin levels, and
impairing energy balance (Ersche et al., 2013; Roebber et al., 2015).
Increasing evidence also indicates relationships of ART treatments with
changes in appetite and fat storage (Anuurad et al., 2010; Rehman
et al., 2015; Sharma et al., 2014). Therefore, we postulated that al-
terations in appetite, food preference and eating habits as well as

Table 2
The associations of demographic and clinical characteristics with body mass index (BMI, kg/m2) by cocaine use status, robust regression.

Characteristics Univariate model Final multivariate model

Estimate SE P value Estimate SE P value

All

Age 0.004 0.025 0.868
Female 2.118 0.419 <0.001 3.171 0.461 <0.001
Current cigarette smoking −1.849 0.420 <0.001 −1.807 0.436 <0.001
Years of cigarette smoking −0.038 0.014 0.009
Current alcohol use −1.363 0.420 0.001
Years of alcohol use −0.017 0.015 0.278
Long-term cocaine use −0.261 0.413 0.528
Never married vs. married or other marital status −1.746 0.423 <0.001
Unemployed vs. employed −0.994 0.515 0.054 −1.112 0.561 0.048
Education < high school vs. High school diploma, GED or above 0.455 0.417 0.276
Annual household income <$5000 vs. annual household income ≥$5000 −0.353 0.414 0.394
BMI at age 20 (kg/m2) 0.612 0.047 <0.001 0.628 0.052 <0.001
Hemoglobin (g/dL) 0.367 0.140 0.009 0.576 0.143 <0.001
CD4 count at baseline (cells/mm3) 0.001 0.001 0.572
HIV RNA load at baseline (copies/mL, log transformed) −0.136 0.106 0.199
Duration of PI therapy (months) −0.007 0.004 0.067
Duration of NRTI therapy (months) −0.007 0.004 0.052 −0.015 0.004 <0.001
Duration of NNRTI therapy (months) −0.018 0.007 0.007

Cocaine use

Age −0.030 0.040 0.463
Female 1.449 0.522 0.006 2.966 0.526 <0.001
Current cigarette smoking −1.355 0.587 0.021 −1.691 0.553 0.002
Years of cigarette smoking −0.031 0.021 0.145
Current alcohol use −1.389 0.523 0.008
Years of alcohol use −0.007 0.019 0.713
Long-term cocaine use NA
Never married vs. married or other marital status −0.675 0.524 0.198
Unemployed vs. employed −0.782 0.795 0.326
Education < high school vs. High school diploma, GED or above 0.442 0.502 0.379
Annual household income <$5000 vs. annual household income ≥$5000 −0.093 0.502 0.853
BMI at age 20 (kg/m2) 0.549 0.062 <0.001 0.580 0.066 <0.001
Hemoglobin (g/dL) 0.447 0.167 0.008 0.663 0.160 <0.001
CD4 count at baseline (cells/mm3) 0.000 0.001 0.932
HIV RNA load at baseline (copies/mL, log transformed) −0.145 0.129 0.260
Duration of PI therapy (months) −0.003 0.005 0.543
Duration of NRTI therapy (months) −0.007 0.005 0.181
Duration of NNRTI therapy (months) −0.018 0.009 0.035

Cocaine non-use

Age 0.035 0.035 0.317
Female 3.174 0.694 <0.001 1.871 0.624 0.003
Current cigarette smoking −2.504 0.674 <0.001 −1.742 0.585 0.003
Years of cigarette smoking −0.069 0.025 0.005
Current alcohol use −1.444 0.711 0.042
Years of alcohol use −0.028 0.027 0.308
Long-term cocaine use NA
Never married vs. married or other marital status −3.531 0.699 <0.001 −1.820 0.640 0.004
Unemployed vs. employed −1.024 0.734 0.163
Education < high school vs. High school diploma, GED or above 0.574 0.803 0.475
Annual household income <$5000 vs. annual household income ≥$5000 −0.695 0.784 0.375
BMI at age 20 (kg/m2) 0.872 0.072 <0.001 0.742 0.068 <0.001
Hemoglobin (g/dL) 0.210 0.254 0.409
CD4 count at baseline (cells/mm3) 0.002 0.002 0.213
HIV RNA load at baseline (copies/mL, log transformed) −0.103 0.189 0.584
Duration of PI therapy (months) −0.013 0.006 0.033 −0.012 0.005 0.025
Duration of NRTI therapy (months) −0.010 0.006 0.087
Duration of NNRTI therapy (months) −0.020 0.011 0.075

Bold indicates Significance level: p< 0.15 in the univariate models, and p<0.05 in the final multivariate models
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impaired fat storage and distribution processes may be involved in
possible interactions between cocaine use and antiretroviral regimens
with regard to weight gain and obesity.

Our data indicated that female patients were more likely to develop
obesity than their male counterparts, which was consistent with the
findings of previous studies (Guehi et al., 2016; Koethe et al., 2016).

Such a gender difference may be attributed to genetic and hormone
factors (Bouchard, 1996; Perusse et al., 1997). BMI at age 20 and blood
hemoglobin levels were significantly associated with greater risks of
obesity in our study. Cumulative studies have demonstrated that obe-
sity in childhood and youth may track into adulthood (Evensen et al.,
2016; Ronque et al., 2018; Yang et al., 2007), and hemoglobin levels

Table 3
The associations of demographic and clinical characteristics with obesity by cocaine use status, logistic regression.

Characteristics Univariate model Final multivariate model

OR 95% CI P value OR 95% CI P value

All

Age 1.007 (0.983, 1.031) 0.593
Female 3.345 (2.246, 4.982) <0.001 4.433 (2.695, 7.291) <0.001
Current cigarette smoking 0.491 (0.330, 0.731) 0.001 0.441 (0.268, 0.726) 0.001
Years of cigarette smoking 0.987 (0.973, 1.000) 0.055
Current alcohol use 0.554 (0.361, 0.849) 0.007
Years of alcohol use 0.991 (0.976, 1.005) 0.203
Long-term cocaine use 0.740 (0.503, 1.089) 0.127
Never married vs. married or other marital status 0.573 (0.383, 0.856) 0.007
Unemployed vs. employed 0.833 (0.514, 1.351) 0.460
Education < high school vs. High school diploma, GED or above 1.111 (0.752, 1.641) 0.598
Annual household income <$5000 vs. annual household income ≥$5000 1.068 (0.722, 1.578) 0.743
BMI at age 20 (kg/m2) 1.333 (1.244, 1.428) <0.001 1.394 (1.289, 1.508) <0.001
Hemoglobin (g/dL) 1.088 (0.949, 1.247) 0.229
CD4 count at baseline (cells/mm3) 1.001 (0.999, 1.002) 0.321
HIV RNA load at baseline (copies/mL, log transformed) 0.907 (0.804, 1.023) 0.111
Longer use of PI therapy (> 12 months) 0.702 (0.476, 1.035) 0.074
Longer use of NRTI therapy (> 24 months) 0.994 (0.677, 1.460) 0.977
Longer use of NNRTI therapy (> 0 months) 0.612 (0.402, 0.931) 0.022 0.542 (0.320, 0.916) 0.022

Cocaine use

Age 0.986 (0.945, 1.029) 0.513
Female 2.836 (1.676, 4.798) <0.001 7.899 (3.646, 17.115) <0.001
Current cigarette smoking 0.546 (0.303, 0.983) 0.044
Years of cigarette smoking 0.990 (0.969, 1.011) 0.348
Current alcohol use 0.566 (0.320, 1.004) 0.052
Years of alcohol use 0.994 (0.975, 1.014) 0.568
Long-term cocaine use NA
Never married vs. married or other marital status 0.886 (0.519, 1.515) 0.659
Unemployed vs. employed 1.014 (0.425, 2.417) 0.975
Education < high school vs. High school diploma, GED or above 1.118 (0.671, 1.864) 0.668
Annual household income <$5000 vs. annual household income ≥$5000 1.111 (0.666, 1.852) 0.688
BMI at age 20 (kg/m2) 1.277 (1.168, 1.397) <0.001 1.360 (1.220, 1.516) <0.001
Hemoglobin (g/dL) 1.177 (0.983, 1.409) 0.076 1.370 (1.080, 1.738) 0.009
CD4 count at baseline (cells/mm3) 1.001 (0.999, 1.002) 0.416
HIV RNA load at baseline (copies/mL, log transformed) 0.921 (0.800, 1.061) 0.254
Longer use of PI therapy (> 12 months) 0.783 (0.467, 1.311) 0.352
Longer use of NRTI therapy (> 24 months) 0.962 (0.576, 1.607) 0.883
Longer use of NNRTI therapy (> 0 months) 0.543 (0.304, 0.969) 0.039

Cocaine non-use

Age 1.022 (0.992, 1.053) 0.146 1.049 (1.003, 1.097) 0.035
Female 4.309 (2.320, 8.003) <0.001 5.205 (2.171, 12.480) <0.001
Current cigarette smoking 0.471 (0.260, 0.854) 0.013
Years of cigarette smoking 0.988 (0.968, 1.010) 0.281
Current alcohol use 0.535 (0.281, 1.018) 0.057
Years of alcohol use 0.991 (0.969, 1.014) 0.451
Long-term cocaine use NA
Never married vs. married or other marital status 0.296 (0.156, 0.559) <0.001 0.364 (0.150, 0.880) 0.025
Unemployed vs. employed 0.874 (0.470, 1.625) 0.670
Education < high school vs. High school diploma, GED or above 1.334 (0.700, 2.543) 0.381
Annual household income <$5000 vs. annual household income ≥$5000 1.178 (0.622, 2.228) 0.615
BMI at age 20 (kg/m2) 1.408 (1.258, 1.575) <0.001 1.460 (1.282, 1.663) <0.001
Hemoglobin (g/dL) 0.958 (0.770, 1.191) 0.698
CD4 count at baseline (cells/mm3) 1.001 (0.999, 1.002) 0.566
HIV RNA load at baseline (copies/mL, log transformed) 0.869 (0.687, 1.099) 0.240
Longer use of PI therapy (> 12 months) 0.610 (0.337, 1.102) 0.101 0.313 (0.135, 0.724) 0.007
Longer use of NRTI therapy (> 24 months) 1.043 (0.582, 1.867) 0.888
Longer use of NNRTI therapy (> 0 months) 0.682 (0.368, 1.265) 0.225

Bold indicates Significance level: p< 0.15 in the univariate models, and p<0.05 in the final multivariate models
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were higher in obese individuals than in normal-weight ones (Akter
et al., 2017; Rao and Morghom, 1986). Obesity prevention interven-
tions along with ART initiation may be beneficial in HIV-infected pa-
tients who are female, obese in childhood or youth, and have high
hemoglobin levels.

5. Limitations

This study has several limitations. First, our findings are derived
from a cross-sectional analysis of baseline data, and these findings
cannot uncover causal associations of ART use and cocaine use with
body weight. Longitudinal studies are needed to investigate whether
ART and cocaine influence body weight in adults with HIV infection.
Second, evidence has shown that food intake and physical activity are
strongly correlated with obesity (Westerterp, 2010). However, we did
not collect data on participants' usual dietary intake and physical ac-
tivity levels. Third, we evaluated general obesity in this study but did
not have measures of participants' body fat distribution. In addition,
body weight at age 20 was self-reported by study participants. Although
validation research has shown that men tended to over-report their
weight and women likely underestimated their weight, self-reported
body weight and height have been widely used in national surveys and
epidemiological studies (Merrill and Richardson, 2009; Poston et al.,
2014; Watson et al., 2015). Fourth, the participants’ drug use was also
self-reported in this study. The information on never use of cocaine
cannot be validated. Lastly, all of the study participants resided in
Baltimore city and some of them may use multiple drugs. Potential
confounding effects of other illicit drugs were tested in our models and
none of them was statistically significant.

6. Conclusions

Although no association between chronic cocaine use and weight
loss was uncovered in this study, our data suggested that cocaine ab-
stinence or reduced use may alleviate ART-associated adverse effects on
body weight status. Additionally, being female, youth obesity, and high
hemoglobin levels are independent predictors for obesity in those with
HIV infection. Biomedical and longitudinal studies are warranted to
confirm our findings. Given the high prevalence of cocaine use in
people with HIV infection, treating cocaine addiction may be con-
sidered as an important component of the comprehensive management
and care of HIV-infected patients with obesity and obesity-related dis-
eases.
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