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Abstract
Background—The success of antiretroviral therapy (ART) has led to dramatic changes in causes
of morbidity and mortality in HIV-infected individuals. As chronic diseases rates have increased
in HIV+ populations, modifiable risk factors such as obesity have increased in importance. Our
objective was to evaluate factors associated with weight change among patients receiving ART.

Methods—ART-naïve patients initiating therapy at the University of Alabama - Birmingham
1917 HIV/AIDS Clinic from 2000– 2008 were included. Body Mass Index (BMI) was categorized
as: underweight (<18.5), normal weight (18.5–24.9), overweight (25–29.9) and obese (≥30).
Linear regression models were used to evaluate overall change in BMI and factors associated with
increased BMI category 24 months following ART initiation.

Results—Among 681 patients, the mean baseline BMI was 25.4 ± 6.1; 44% of patients were
overweight/obese. At 24 months, 20% of patients moved from normal to overweight/obese or
overweight to obese BMI categories. Greater increases in BMI were observed in patients with
baseline CD4 count < 50 cells/μl (3.4 ± 4.1, P<0.01) and boosted protease inhibitor use (2.5±4.1
P=0.01), but did not account for all of the variation observed in weight change.

Conclusions—The findings that almost half of patients were overweight or obese at ART
initiation, and 1 in 5 patients moved to a deleterious BMI category within 2 years of ART
initiation are alarming. ART therapy provides only a modest contribution to weight gain in
patients. Obesity represents a highly prevalent condition in patients with HIV infection and an
important target for intervention.
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Introduction
Obesity, defined as a body mass index (BMI) at or above 30, has reached epidemic
proportions in the United States.[1] Overweight (BMI 25–29.9) or obese status are risk
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factors for diabetes, hypertension, cardiovascular disease and malignancy in HIV-negative
adults.[2–4] Since the advent of highly active anti-retroviral therapy (ART) the life
expectancy of HIV-infected individuals in the developed world has steadily increased.[5–7]
As patients live longer, the prevalence of several co-morbid conditions including obesity is
increasing.[8] HIV infection and ART are also independent risk factors for diabetes,
atherosclerosis, low bone density, and a number of other chronic diseases.[9–13] The
convergence of HIV infection and obesity could compound the risk for non-AIDS related
morbidity and mortality in the aging HIV-infected population. Indeed, recent studies
highlight increased frequency of non-AIDS related events (e.g., malignancy and
cardiovascular disease) as contributors to morbidity and mortality relative to AIDS-defining
events.

Although overweight/obesity and HIV infection have each been studied in great detail
individually, few studies have examined the prevalence of overweight/obesity among an
HIV-infected population. The goals of this study were to identify both the frequency of and
risk factors for excessive weight gain in treatment naïve HIV-infected patients in the first
two years following ART initiation. Of note, few studies have investigated the concomitant
rate of overweight/obesity and HIV infection in the United States (US) Deep South, a region
disproportionately impacted by both epidemics. We hypothesized that prevalence of
overweight/obesity in our HIV-infected cohort sample would mirror frequencies in non-
HIV-infected individuals, and that a sizeable proportion of patients would experience
significant weight gain within 2 years of ART initiation.

Methods
Established in 1992, The University of Alabama at Birmingham (UAB) 1917 HIV/AIDS
Clinic Cohort Observational Database Project (UAB 1917 Clinic Cohort) is a prospective
clinical cohort study that has collected detailed socio-demographic, psychosocial, and
clinical information from over 6000 HIV-infected patients. There are currently more than
1800 active patients that receive primary and subspecialty care at the UAB 1917 HIV/AIDS
Clinic who are enrolled in the Institutional Review Board (IRB) approved observational
cohort project. The 1917 Clinic uses a locally programmed electronic medical record that
imports all laboratory values from the central UAB laboratory, requires electronic
prescription for all medications, and contains detailed encounter notes. As previously
described, the electronic medical record and database are 100% quality controlled, with all
provider notes reviewed within 72 hours of data entry to ensure appropriate data capture
regarding diagnoses and medications, including start and stop dates for antiretroviral
medications and all other prescribed drugs.[14] The UAB Institutional Review Board
approved this retrospective study nested in the UAB 1917 Clinic Cohort.

Study sample
Treatment naïve patients who initiated ART between January 1, 2000 and December 31,
2008 who (1) maintained therapy for at least 2 years, and (2) had their weight recorded at
least twice during the 2 year study period were included as study subjects. Only baseline
ART regimen was included in this analysis. Patients were excluded if they did not remain on
ART for at least 2 years, or if they were participants in a blinded ART-regimen investigation
during the study period. Patients receiving an ART regimen that did not include a nucleoside
reverse transcriptase inhibitor (NRTI) backbone with either a third NRTI, a non-nucleoside
reverse transcriptase inhibitor (NNRTI), a protease inhibitor (PI) or ritonavir boosted PI as
the third drug were also excluded from analyses (n=78). All data were acquired through
queries of the 1917 Clinic electronic database.
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Study Variables
Independent variables—Patient-level information included age, sex, racial/ethnic group
(White, Black/Other), risk transmission category [heterosexual, men who have sex with men
(MSM)], health insurance status (public, private, uninsured), baseline (pre-ART) viral load,
baseline (pre-ART) CD4 count, history of substance abuse, and affective mental health
disorders (depression and anxiety) as recorded in patient problem lists. The variables risk
transmission category and history of substance abuse were included based on the inverse
associations of these factors with body weight.[15–17] Affective mental health disorders
were included due to reports of both positive and negative associations with body weight.
[18–20] ART regimen-level data included third drug by class (NRTI, NNRTI, PI, boosted
PI) and composition of the NRTI backbone. NRTI backbones were assigned to three groups:
didanosine (DDI) or stavudine (D4T)-containing regimens, zidovudine (ZDV)-containing
regimens, and those containing abacavir (ABC) or tenofovir (TDF). These NRTIs were
typically combined with either emtricitabine (FTC) or lamivudine (3TC) (98% of regimens).
If a regimen contained NRTIs from more than one group (e.g. DDI and ZDV), the regimen
was assigned to one group using a standardized hierarchy: DDI or D4T, then ZDV, and
finally ABC or TDF.

Dependent variable—Body mass index (BMI) was calculated for each patient by
obtaining height and weight from the clinic database (BMI=weight in kg/height in m2) at the
time of ART initiation and subsequent measurements at 6 and 24 months within a window
of 8 weeks. Individuals without recorded body weights for at least one time point at both 6
and 24 months were excluded from analyses. Patients were categorized into four different
BMI groups at each time point according to the National Institutes of Health criteria:
underweight (BMI<18.5), normal weight (BMI of 18.5–24.9, overweight (BMI of 25–29.9)
and obese (BMI of ≥30).[21]

Statistical Analyses
Baseline descriptive statistics were evaluated by BMI category using chi-square/Fisher’s
exact tests or analysis of variance (ANOVA) with Tukey’s post-hoc analysis. Paired t-tests
were used to compare the percentage of participants in each BMI category at ART initiation
versus 24 months on therapy. Pearson correlation testing revealed that baseline viral load
(VL) and CD4 counts were highly correlated; hence only CD4 count was included in
subsequent models. Stepwise linear regression was performed to analyze the relationships of
patient characteristics with a change in absolute BMI, with model criteria set at entry as P <
0.15 and stay as P < 0.10. After inspection of residuals, the model for BMI change at 24
months was log-transformed to improve normality. The distributions of change in BMI at 6
months and 24 months were determined to be normally distributed, and values at either end
of the distribution were double-checked and confirmed for accuracy. Change in BMI at 6
months and 24 months were then analyzed with general linear regression controlling for age,
sex, racial/ethnic group, sexual risk factor, baseline CD4 count, history of substance abuse,
and ART regimen composition (NRTI backbone and third drug). Sensitivity analyses were
performed for all models in a subset 1) excluding patients who were underweight at
baseline, and 2) excluding patients with a baseline CD4 count <50 cells/μL. All data was
analyzed using SAS version 9.2 with a significance level of P<0.05.

Results
Among 681 patients, complete socio-demographic information was available for 603
individuals. The median age was 38 years, 22% were female, 54% were of minority race and
28% reported a history of illicit drug use. The initial log10 plasma HIV RNA was 4.4 ± 1.2
copies/ml and 27% of participants had baseline CD4 counts less than 50 cells/μL. The most
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commonly initiated NRTI backbone was ABC/TDF (57%), while D4T/DDI (7%) was least
commonly used (Table 1). When stratified by BMI category, overweight and obese
participants had higher rates of diagnosed diabetes, lower rates of tobacco use, and were less
likely to report a history of homosexual activities (MSM). Tukey’s post-hoc analysis
indicated that underweight participants had lower CD4 counts and higher log10 VL at ART
initiation, with no significant differences in these factors among participants classified as
normal weight, overweight, and obese (all at P<0.05).

Prevalence of Overweight/Obesity
A total of 44% of patients were overweight (24%) or obese (20%) at the time of ART
initiation, compared to only 8% of patients classified as underweight (Table 1). When
change in BMI at 6-month increments was evaluated, an increase in the frequency of
overweight (baseline: 24%; 24 months: 31%) and obese (baseline: 20%; 24 months: 25%)
participants was observed (Figure 1). Notably, a greater proportion of females than males
were overweight/obese at baseline (56% vs. 41%) and at 24 months (69% vs. 52%; Figure
1b and 1c). Repeated measures ANOVA revealed a significant increase in BMI over two
years, with the majority of weight gain occurring during the first six months following
initiation of ART (data not shown).

Change in BMI at 6 months
Patients with lower CD4 counts (P<0.01) at initiation of therapy and those prescribed a
protease inhibitor (PI) as third drug (P<0.05) had a significant increase in BMI at 6 months
(r2 = 15.2) relative to other groups (Table 2). There was also a trend for greater change in
BMI when D4T/DDI was the prescribed NRTI backbone (P<0.07). A history of substance
abuse was associated with less weight gain at 6 months (P<0.01). No other patient or
regimen level characteristics were associated with a 6-month change in BMI.

Change in BMI at 24 months
Linear regression analysis at 24 months revealed significant, positive associations of BMI
change with lower baseline CD4 count, and use of a PI as a third drug (Table 2: r2= 16.4, all
at P <0.01). When BMI classification of all participants at ART initiation was compared to
BMI at 24 months using a paired t-test, we noted a significant increase in the percentage of
patients transitioning to the overweight or obese categories (Figure 2a). Additionally, we
observed that approximately 20% of patients initially classified as normal weight had
become overweight or obese (Figure 2b), while the prevalence of underweight decreased to
4% of the population.

Sensitivity Analyses
As desirable weight gain among persons classified as underweight at ART initiation or with
CD4 counts <50 c/μL could have affected study outcomes, we performed two separate
sensitivity analyses: one excluding underweight study participants, and one excluding
patients with a low baseline CD4 count (< 50 cells/μl). After excluding patients with low
baseline CD4 count, choice of third drug was not significantly associated with BMI change
at 24 months (P = 0.26). No other differences were found in these sensitivity models
compared to models that included all participants (data not shown).

Discussion
Our findings suggest that while undesirable weight loss among HIV-infected patients in the
Southern US is declining, these patients are now dealing with a prevalence of obesity in
concordance to both regional and national trends for non-HIV-infected persons.[1] Prior to
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initiation of antiretroviral therapy, 45% of these patients were classified as overweight/
obese; however, after two years the prevalence of overweight/obesity had increased
significantly to 56%. Factors previously identified as contributing to weight gain among
HIV-infected individuals, including ART regimen, sex, and baseline CD4 count,[22–24]
contributed to but did not fully explain weight gain among this cohort. Comparable
increases in obesity prevalence among non-HIV infected individuals are associated with
increased chronic disease morbidity and mortality. Coupled with HIV-infection (e.g.,
inflammation and immune activation) and ART medication contributions to non-AIDS
morbidity, this high prevalence of obesity places HIV+ patients at great risk.[9,25–28] The
confluence of obesity and HIV infection likely exacerbates risk for co-morbidities such as
diabetes, cardiovascular disease, and other conditions, highlighting the need to aggressively
manage obesity and its related co-morbidities in the aging HIV-infected populace.

Investigators examining the trend toward obesity in HIV-infected patients have reported
frequencies of overweight/obesity ranging from 45–61%.[22–24] The few studies that have
evaluated change in weight status during the ART era have also noted a gradual trend for
increasing BMI during the course of treatment. However, previous studies were
predominately cross-sectional analyses that evaluated patients from regions with lower rates
of obesity among the general population, and included patients who were not on an ART
regimen. Among our cohort, after only 6 months of ART the percentage of overweight/
obese patients had increased by 9% (Figure 1). This rapid increase in BMI and subsequent
leveling off among patients recently starting therapy is possibly related to the “return to
health” phenomenon observed in underweight patients.[29] However, rapid weight gain did
not occur exclusively among underweight patients; 20% of patients starting therapy in the
normal or overweight BMI category shifted to the deleterious overweight or obese
categories by 24 months follow-up. These findings have not been well-documented in
previous investigations and suggest additional factors not measured in this study could
impact patient body weight during the initial stages of ART.

It is also unlikely that rapid weight gain in the first six months of treatment is due to the
overall temporal trend for increasing overweight/obesity in the US alone. Interestingly, rates
of overweight/obesity among the general US population have remained stable at
approximately 65–68% (since 1999 among females and since 2003 among males) during the
study period for the present investigation, suggesting that the continued weight gain among
HIV-infected patients did not merely represent a reflection of general population trends.[1]
At baseline, obesity prevalence was lower than that reported for Alabama at any time from
2000–2008.[30] While obesity prevalence at 24 months follow-up remained lower than
Alabama obesity prevalence for men, there was no difference at 24 months in obesity
prevalence of the women in our cohort compared to all women in Alabama. Hence, weight
gain observed in our population could be partially attributable to the geographic location of
the cohort, and additional studies that compare the cohort to a region-specific control
population are warranted. Overall, our results suggest that rates of overweight/obesity
among the Deep South HIV-infected population increase rapidly following initiation of
ART. These changes warrant further investigation as they are likely to exert progressively
more negative outcomes on patient health outcomes as the population ages.

Additional patient and regimen-level characteristics were associated with cross-sectional
overweight/obesity category at baseline prior to ART initiation. We observed that a baseline
CD4 count lower than 200 cells/μl was associated with a greater increase in BMI at 6 and 24
months. These results are in agreement with other studies showing a correlation between
successful immune recovery and increased weight.[29,31–33] Nevertheless, these analyses
remained significant even after excluding underweight patients, suggesting that some
immune-compromised patients at a healthy weight are at risk for excessive weight gain.
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When evaluating factors associated with weight gain after ART initiation, use of protease
inhibitors was associated with a significant increase in BMI, while patients on an NRTI-
containing regimen gained significantly less weight over time. Previous literature has
demonstrated that PI use may promote weight gain consisting primarily of increased fat
mass with little change in lean body mass.[34] Although we were unable to evaluate fat and
lean mass separately, the greater increase in body weight among our patients on a PI-based
regimen could be associated with a proportionately greater increase in fat mass.
Additionally, while affective mental health disorder was not associated with change in body
weight in this sample in preliminary analyses, it remains possible that specific medications,
such as antidepressants, used by these patients could impact weight gain. Dietary intake,
physical activity patterns, and diagnoses/medications for conditions including sleep
disorders, type 1 or 2 diabetes, and hypertension could also impact obesity risk; however,
these data are not routinely captured on all patients in our routine care setting. We were also
Future investigations that include these variables will be invaluable to further elucidate
specific factors that play a role in weight gain among patients with HIV, and how this
change in weight may influence chronic disease risk.

Gender and racial/ethnic patient characteristics could also influence BMI among patients
living with HIV/AIDS. Women typically present with higher rates of obesity compared to
men, [1] and Boodram et al. noted higher rates of overweight and obesity among an all-
female cohort living with HIV/AIDS compared to studies that include men only or both
sexes.[24] Consistent with these findings, a higher percentage of women were overweight/
obese throughout the study period, suggesting that women may be at greater risk for
concomitant disease from HIV infection and obesity and could particularly benefit from
weight maintenance interventions. However, in contrast to previous research, we found no
difference in overweight/obesity rates between racial/ethnic groups. This could be partially
attributable to geographic location, with a greater percentage of all racial/ethnic groups
classified as overweight/obese in the Deep South region (http://www.cdc.gov/obesity/data/
trends.html#State). While a race*sex interaction was not significant in statistical analyses, a
high percentage of African-American women (44%) shifted from normal weight to
overweight/obese categories at 24 months follow-up (data not shown). As the incidence of
HIV infection among African-American women is rapidly increasing, our results indicate
interventions targeted at weight maintenance for this group are greatly needed.[35]

The results of this study should also be interpreted within the context of study limitations.
Our study population was limited to one academic HIV treatment center in a state with high
rates of obesity, thus these results may not be applicable to other regions of the country.
However, US population trends for overweight/obesity have generally followed those of the
Southern US, a phenomenon which may also be observed within patients living with HIV/
AIDS. BMI is an imprecise predictor of deleterious weight gain, and may not actually
measure total fat mass or fat distribution, although monitoring BMI over time in a large
sample size does provide insight into population weight gain.[36,37] This study only
includes baseline ART regimen data, and we are unable to comment on the association of
frequent regimen adjustments with changes in body weight over time. We were unable to
assess the contribution of other influential factors such as diet and physical activity to
change in BMI as these data were not captured routinely on all patients in our regular HIV
care setting. A strength of the current investigation is the evaluation of longitudinal cross-
sections after ART initiation which allowed us to follow participants through the course of
therapy. Future studies would benefit from inclusion of these measures to evaluate their
association with weight change among HIV-infected individuals.

In summary, we confirm a high prevalence of overweight/obesity among Southern HIV-
infected individuals. These rates continue to increase for up to two years following ART
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initiation, but use of protease inhibitors and other ART regimens appears to only moderately
contribute to weight gain. Treatment decisions for these patients must consider the paradigm
shift from HIV as a disease of wasting to one with an increasing prevalence of obesity.
Additional studies are required to determine the impact of this increase in weight on
treatment outcomes, determining which factors promote undesirable weight changes, and
whether nutrition/physical activity interventions can prevent undesirable weight gain among
this population. Such interventions will be necessary to maximize individual health
outcomes and to stem the associated increase in health care costs for overweight/obese
patients that results from preventable chronic co-morbid diseases.
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Figure 1.
Changes in body mass index (BMI) category by 6-month interval following antiretroviral
therapy initiation among treatment-naïve HIV-infected patients at the UAB 1917 HIV/AIDS
Clinic, 2000–2008.
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Figure 2.
Proportion of the study sample by body mass index (BMI) category at antiretroviral therapy
initiation vs. 2 years on therapy among treatment-naïve HIV-infected patients at the UAB
1917 HIV/AIDS Clinic, 2000–2008.
Black bars = therapy initiation; white bars = 24 months. * = P < 0.05; ** = P < 0.01
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Table 2

Multivariable linear regression models of characteristics associated with change in BMI (mean, SD) at 1) 6
and 2) 24 months following antiretroviral therapy initiation among treatment-naïve HIV-infected patients at
the UAB 1917 HIV/AIDS Clinic, 2000–2008.

Change in BMI after 6 months P value Change in BMI after 24 months P value

Gender 0.10 0.50

 Male 1.0 ± 3.3 1.5 ± 3.1

 Female 1.5 ± 2.3 2.3 ± 4.3

Age 0.09 0.55

 ≤29 0.9 ± 2.4 1.5 ± 3.3

 30–49 1.2 ± 2.6 1.7 ± 3.5

 ≥50 1.2 ± 2.7 1.6 ± 3.6

Race 0.77 0.44

 White 0.9 ± 2.2 1.2 ± 2.8

 Minority 1.3 ± 2.8 2.0 ± 3.9

Risk Factor 0.10 0.31

 Heterosexual 1.5 ± 3.0 2.1 ± 4.0

 MSM 0.8 ± 2.1 1.2 ± 2.8

Baseline CD4 count (cells/μl) < 0.01 < 0.01

<50 2.2 ± 3.1 3.4 ± 4.1

 50 – 199 1.3 ± 2.5 1.8 ± 3.2

 200 – 350 0.5 ± 1.8 0.7 ± 2.9

> 350 0.2 ± 2.1 0.4 ± 2.4

History of substance abuse 0.01 < 0.01

 Yes 0.7 ± 2.5 0.8 ± 3.1

 No 1.3 ± 2.6 2.0 ± 3.5

NRTI Backbone 0.07 0.71

 TDF/ABC 1.1 ± 2.7 1.7 ± 3.7

 AZT 1.2 ± 2.5 1.8 ± 3.3

 D4T/DDI 2.1 ± 3.0 2.1 ± 3.1

Third Drug 0.02 0.01

 NNRTI 1.2 ± 2.6 1.7 ± 3.5

 NRTI 0.1 ± 2.2 0.6 ± 2.1

 PI 1.7 ± 2.7 2.1 ± 3.1

 Boosted PI 1.6 ± 3.0 2.5 ± 4.1

BMI, body mass index (weight kg/height m2); ABC, abacavir; AZT, zidovudine; CI, confidence interval; D4T, stavudine; DDI, didanosine; MSM,
men who have sex with men; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; TDF,
tenofovir; PI, protease inhibitor.
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