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Abstract
Antiretroviral therapy (ART) has improved the survival of people living with HIV (PLHIV) but this success has been accompanied
by an increase in noncommunicable diseases. We conducted a prospective cohort study of 4000 adult PLHIV who were initiating
ART in Dar es Salaam, Tanzania, to assess weight gain during the first year of treatment and associated sociodemographic and
clinical factors. Anthropometric data were collected at ART initiation and monthly follow-up visits. The mean weight gain during
the first year of treatment was 2.6± 0.3 kg, and the prevalence of overweight or obesity increased from 26.3% at baseline to
40.7%. Female sex, greater household wealth, lower CD4-T-cell counts, higher WHO HIV disease stage, and pulmonary tuber-
culosis were associated with a greater increase in body mass index (P < .05). Weight gain following ART initiation was common
but was greater among females and PLHIV with advanced HIV or comorbidities.
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Introduction
Antiretroviral therapy (ART) has significantly improved the sur-
vival of people living with HIV (PLHIV) and reduced the risk of
HIV-associated wasting. However, chronic conditions, including
noncommunicable diseases (NCDs), have now become a
concern globally for PLHIV.1,2 Epidemiologic research has con-
firmed weight gain, overweight, and obesity as risk factors for
NCDs, including cardiovascular disease, stroke, chronic kidney
disease, cancers, and musculoskeletal diseases.3,4 Importantly,
obesity is also rapidly increasing in sub-Saharan Africa (SSA)
in the general population.5 It has also been noted that PLHIV
experience a combination of general population and
HIV-specific risk factors for high body mass index (BMI) and
NCDs.6 Information on weight gain after ART initiation as
well as subpopulations that may have greater risk of incident
overweight and obesity is currently needed to inform interven-
tions and prevention policies for PLHIV in SSA.
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There has been a growing focus on ART regimens and
weight gain among PLHIV; however, there are many other
potential sociodemographic and clinical risk factors that can influ-
ence weight gain.7 Several studies in SSA have estimated the
prevalence of overweight and obesity among PLHIV,8–11 but
few have evaluated weight gain following ART initiation. The
prevalence of overweight and obesity among PLHIV has ranged
between 17% and 61% in research studies.8–13 Generally,
studies have documented that patients with low CD4T-cell
counts,14 older age,15 women,16 and those with lower baseline
weight17–19 may experience greater weight gain after ART initia-
tion. Relatively fewer studies have longitudinally evaluated
weight gain and its predictors, particularly non-ART-related risk
factors, in the context of cohorts in SSA.12,13

To address this research gap, we conducted a prospective
cohort study of adults living with HIV during the first year of
ART in Tanzania to evaluate the relationship of sociodemo-
graphic and clinical characteristics with changes in BMI. We
also examined the cumulative incidence of incident overweight
or obesity as well as their predictors. These results are intended
to inform populations that may be targeted or have greater
benefit from interventions to prevent unhealthy weight gain fol-
lowing ART initiation.

Methods
We conducted a prospective cohort study among participants
enrolled in a randomized, double-blind, placebo-controlled
trial of vitamin D3 supplementation conducted among adults
living with HIV who were initiating ART in Dar es Salaam,
Tanzania (ClinicalTrials.gov identifier NCT01798680). The
trial protocol and the efficacy results have been reported
elsewhere.20,21

The trial was conducted from February 2014 to March 2018
at 4 large public HIV care and treatment centers. Participants
were eligible for trial enrollment if they met the following inclu-
sion criteria: (1) adult men or women aged ≥18 years old,
(2) documented to be living with HIV, (3) were initiating
ART at the time of randomization, (4) had insufficient serum
25(OH)D concentration <30 ng/mL at the screening visit,
(5) intended to stay in Dar es Salaam for at least 1 year after
enrollment, and (6) provided written informed consent. The
trial exclusion criteria were (1) pregnant women and (2) being
enrolled in any other clinical trial. All study participants
were provided with HIV care and treatment that adhered to
Tanzanian national guidelines.21 Eligible participants were ran-
domly assigned to the vitamin D3 supplementation or placebo
regimen. The vitamin D3 supplementation group received oral
supplements containing 50 000 IU vitamin D3 at the randomiza-
tion visit and once a week for the next 3 weeks followed by daily
oral supplements containing 2000 IU vitamin D3 starting at the
fourth week until trial discharge at 1-year post-randomization.
The placebo group received a matching regimen of placebo
supplements.

During the trial, the Dar es Salaam HIV care and treatment
program changed the ART eligibility criteria. At the start of

trial enrollment in 2014, the ART initiation criteria for adults
was a CD4T-cell count <350 cells/mL or WHO HIV stage 3
or 4 disease. In January 2016, the ART initiation criteria
changed to a CD4T-cell count <500 cells/mL or WHO HIV
stage 3 or 4 disease, and in June 2016 the program switched
to a test-and-treat strategy whereby all individuals with HIV
were eligible for lifelong ART. Efavirenz–lamivudine–tenofovir
(EFV/3TC/TDF) was the only first-line ART regimen used
during the trial. Participants diagnosed with pulmonary tubercu-
losis (TB) received directly observed therapy for 6-month start-
ing with a 2-month intensive phase of daily rifampicin–
isoniazid–pyrazinamide–ethambutol followed by a 4-month
continuation phase of daily rifampicin and isoniazid. All partic-
ipants received general dietary counseling as the standard of care
for PLHIV. No additional food or nutritional supplements were
provided as standard of care. In terms of outcomes, vitamin D3

supplementation did not affect mortality, incidence of TB,
weight gain, or any clinical outcome after ART initiation.20,22

Data Collection
The screening visit for the trial was integrated into the HIV
testing and ART initiation visit. CD4T-cell count was measured
at the ART eligibility visit (FACS-Calibur System, Becton
Dickinson). At the randomization visit, study physicians con-
ducted a clinical examination, TB screening, and assessed the
WHO HIV disease stage. Study nurses collected information
on sociodemographic characteristics using standardized ques-
tionnaires. Wealth quintile was constructed with a principal
component of household assets (electricity, generator, running
water, sofa/couch, television, radio, refrigerator, fan, bicycle,
car, and roof type). All participants had height and weight col-
lected at the time of randomization. Participants were followed
up at weekly clinic visits for the first month of ART and fol-
lowed by monthly clinic visits until 12 months post-
randomization. A full description of the follow-up procedures
is published in the trial protocol. Physicians conducted clinical
examinations, diagnosed conditions, and provided treatment for
comorbidities at each clinic visit. Study nurses assessed
participant-reported morbidities and measured weight at each
monthly visit.

Statistical Analysis
We first described the population and characteristics of interest
for the study population at ART initiation. Height and weight
were used to calculate BMI in kg/m2, and standard cutoffs
were used to define underweight (<18.5 kg/m2), normal
(18.5-24.9 kg/m2), overweight (25.0-29.9 kg/m2), and obesity
(≥30.0 kg/m2). First, generalized linear models were used to
describe the relationship between sociodemographic and clini-
cal characteristics with continuous BMI at ART initiation. To
visualize longitudinal BMI assessed at monthly visits during
the first year of ART, we also plotted estimates from linear
mixed-effects models that used a random intercept, a compound
symmetric covariance structure, and robust standard errors.
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We then conducted the primary analysis to examine the asso-
ciation of sociodemographic and clinical characteristics with
change in BMI from 1 year of ART as compared to ART initi-
ation (calculated as BMI at 1 year minus BMI at ART initia-
tion). Univariable and multivariable generalized linear models
were used to evaluate the relationship between characteristics
of interest with change in BMI over 1 year of ART.
Predictors of BMI at ART initiation included sex (male or
female), age (19-29.9, 30.0-39.9, 40.0-49.9, or 50+ years), edu-
cation (no formal education, primary, or secondary/advanced),
wealth quintile, self-reported current smoking status (yes or
no), self-reported current alcohol drinking status (yes or no),
CD4T-cell count at ART initiation (<200, 200-349, 350-499,
and ≥500 cells/mL), WHO HIV disease stage (I/II, III, or IV),
and pulmonary TB status (Yes or No). Analyses of change in
BMI evaluated the same characteristics with the addition of base-
line BMI categories as a predictor. We also evaluated the relation-
ship of these characteristics with incident overweight or obesity
(BMI ≥25.0 kg/m2) among individuals with a normal or under-
weight BMI at ART initiation (BMI <25.0 kg/m2) with log-
binomial to produce relative risk estimates. All multivariable
models also included a covariate for randomized trial regimen
(vitamin D or placebo). The missing indicator method was used
to retain data for those missing covariates in multivariable
models. All P values were 2-sided, and P< .05 was considered
statistically significant. Statistical analyses were conducted with
SAS version 9.3.

Ethical Approval and Informed Consent
The study was approved by the Tanzania’s National Health
Research Ethics Committee (reference: HQ/R.8a/Vol. IX/
1658), the Tanzania Medicines and Medical Devices
Authority (reference: 13/CTR/0005/3), and the Harvard TH
Chan School of Public Health’s Institutional Review Board
(reference: IRB13-0231). Written informed consent was
obtained from all participants.

Results
A total of 4000 participants were enrolled in the trial and were
included in the analysis. Characteristics of the study population
at ART initiation are included in Table 1. Briefly, most study
participants were female (68.4%), and a total of 181 (4.6%) par-
ticipants reported current smoking, and 497 (12.7%) reported
current alcohol drinking. The majority of participants had a
CD4 T-cell count of less than 200 cells/mL (42.8%) and had
WHO HIV stage III disease (57.6%). The mean± standard
deviation of BMI at ART initiation was 22.6± 5.1 kg/m2 and
21.1% of participants were classified as underweight, 52.6%
had a normal BMI, 16.9% were overweight, and 9.4% were
obese.

The relationship of sociodemographic and clinical character-
istics with BMI at ART initiation is presented in Supplemental
Table 1. In multivariable analysis, females had 2.2 kg/m2 (95%
CI: 1.9-2.6) greater BMI at ART initiation as compared to

males. Older age, greater education, greater wealth, and
alcohol drinking were independently associated with higher
BMI at ART initiation, while current smoking, lower
CD4T-cell count, advanced WHO HIV disease stage, and
PTB coinfection were associated with a lower BMI (P< .05).

During the first year of ART, participants’ weight increased
by a mean of 2.6± 0.3 kg, which corresponded to a mean
increase in BMI of 1.5± 2.6 kg/m2. At one year of ART,
9.6% of participants were classified as underweight, 49.8%
had a normal BMI, 25.7% were overweight, and 15.0% were
obese. Figures 1 and 2 visualize the mean BMI at monthly
visits stratified by sex and baseline BMI category, respectively.
Both males and females tended to consistently gain weight
during the first year of ART (Figure 1). In terms of BMI
groups at ART initiation, underweight individuals had notable
weight gain during the first months of treatment (Figure 2).
The mean± SD increase in BMI during the first year of treat-
ment was 2.3± 2.3 kg/m2 for underweight participants, 1.6±

Table 1. Baseline characteristics of the cohort of adult men and
nonpregnant women living with HIV at ART initiation (n= 4000).

Characteristic n (%)

Sex
Female 2735 (68.4%)
Male 1265 (31.6%)

Age, years
18-29.9 756 (18.9%)
30-39.9 1550 (38.8%)
40-49.9 1187 (29.7%)
50+ 507 (12.7%)

Education
No formal education 635 (15.9%)
Primary 2588 (64.7%)
Secondary/ advanced 775 (19.4%)

BMI, kg/m2

Underweight <18.5 844 (21.1%)
Normal 18.5-24.9 2102 (52.6%)
Overweight 25.0-29.9 677 (16.9%)
Obese≥ 30.0 375 (9.4%)

Current smoker 184 (4.6%)
Current alcohol drinker 497 (12.4%)
CD4 T-cell count at ART initiation, cells per μL
<200 1711 (42.8%)
200-349 906 (22.7%)
350-499 633 (15.8%)
≥500 562 (14.1%)
Missing 188 (4.7%)

WHO HIV disease stage at ART initiation
I / II 1504 (37.6%)
III 2304 (57.6%)
IV 192 (4.8%)

Pulmonary tuberculosis co-infection at ART initiation 364 (9.1%)
ART regimen
Efavirenz/lamivudine/tenofovir 3883 (97.1%)
Other ART regimen 117 (2.9%)

Randomized regimen
Vitamin D 2001 (50.0%)
Placebo 1999 (50.0%)
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2.6 kg/m2 for participants with a normal BMI, 1.1± 2.8 kg/m2

for participants that were overweight, and 0.3± 2.4 kg/m2 for
participants that were obese at ART initiation.

Across all sociodemographic and clinical characteristics,
mean BMI increased from ART initiation to one year of ART
(Table 2). In univariable models, there was no association of
sex with change in BMI. However, in multivariable models,
which included adjustment for clinical characteristics, females
had +0.29 kg/m2 (95% CI: +0.07, 0.50) greater increase in
BMI over the first year of treatment as compared to males. In
terms of sociodemographic characteristics, in multivariable
models, participants over 50 years of age had a significantly
lower change in BMI as compared to those aged 30 to 39 years
(mean difference: −0.48 kg/m2; 95% CI: −0.76, −0.19) and par-
ticipants with greater wealth had a greater increase in BMI (P
value for trend in wealth quintiles: <.001). There was no differ-
ence in change in BMI by education status, smoking status, and
alcohol drinking in multivariable models. In terms of clinical
characteristics, lower CD4-T cell counts, advanced WHO HIV
disease stage, and PTB infection were associated with greater
increases in BMI. Participants with a baseline CD4T-cell count

<200 cells/mL at ART initiation had a+ 1.61 kg/m2 (95% CI:
1.33-1.88) greater increase in BMI as compared to participants
with ≥500 cells/mL over the first year of ART. Participants
with stage IV HIV disease had +1.01 kg/m2 (95% CI:
0.50-1.52) greater increase in BMI as compared to participants
with stage I/II disease, while participants diagnosed with PTB
coinfection had+0.74 kg/m2 (95%CI: 0.39-1.09) greater increase
in BMI as compared to those without PTB.

Table 3 presents analyses of predictors of incident over-
weight/obesity (BMI > 25.0 kg/m2) among participants who
had a normal or underweight BMI at ART initiation. The cumu-
lative incidence of overweight/obesity in the cohort was 17.8%.
Individuals who were underweight at ART initiation were much
less likely to become overweight/obese as compared to those
with a normal BMI at ART initiation (RR: 0.06; 95% CI:
0.03-0.10). In multivariable models, females had about twice
the risk of incident overweight/obesity as compared to males
(RR: 1.85; 95% CI: 1.49-2.27). Individuals with a CD4T-cell
count <200 cells/mL had 1.40 times (95% CI: 1.05-1.88) the
risk of incident overweight/obesity as compared to those that
started ART with a CD4T-cell count >500 cells/mL.

Figure 1. Mean and standard deviation in body mass index (kg/m2) from ART initiation to one year of ART stratified by gender.

4 Journal of the International Association of Providers of AIDS Care



Discussion
In this prospective cohort study conducted in an urban setting in
Tanzania, we found one in 4 adults living with HIV were either
overweight or obese at the time of ART initiation. Female sex,
older age, higher education, and greater household wealth were
associated with higher BMI at ART initiation. The mean weight
gain was 2.6± 0.3 kg during the first year of treatment and the
overall prevalence of overweight/obesity in the cohort increased
to 40.7% at 1 year. Sociodemographic risk factors for increased
weight gain during the first year of ART included female sex
and greater household wealth: while in terms of clinical
factors, lower CD4-T-cell counts, advanced WHO HIV
disease stage, and PTB infection were associated with greater
weight gain. The cumulative incidence of overweight/obesity
during the first year of treatment among PLHIV was 17.8%
with greater risk for females and those with a CD4-T-cell
count <200 cells/mL at ART initiation.

The high prevalence of PLHIV starting ART with over-
weight or obesity in our study is generally in line with other
studies in SSA.12,23–25 In a study by Kintu et al conducted

among PLHIV in Dar es Salaam between 2004 and 2014,
∼20% of adults that initiated ART were overweight or obese
and the prevalence was found to increase over time during
this period.26 Our study was conducted during 2014 to 2018
in the same setting, and we found greater than 25% prevalence
of overweight or obesity. Therefore, similar to the general pop-
ulation of adults in Tanzania, BMI is increasing over time
among PLHIV.27 Further, in a study in Tanzania in the rural
Kilombero and Ulanga districts, 17% of PLHIV initiating
ART were categorized as overweight and obese,12 which is
slightly lower than the prevalence in our cohort and highlights
overweight/obesity being an issue in both urban and rural
Tanzania. We found female sex, older individuals, and those
with greater wealth initiated ART with a higher BMI and
these same groups are at greater risk for overweight and
obesity in the general population.28–30 This points to the need
for interventions to address overweight/obesity in the general
population to reduce the proportion of PLHIV initiating ART
with a high BMI, particularly in the context of a test-and-treat
program.

Figure 2. Mean and standard deviation of body mass index (kg/m2) at monthly clinic visits from ART initiation to one year of ART stratified by
baseline body mass index (underweight <18.5, normal 18.5-24.9, overweight 25.0-29.9, and obese ≥30.0 kg/m2).
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In line with other cohort studies in SSA and high-income set-
tings, weight gain following ART initiation was common but
differed by sociodemographic, clinical, and HIV-related
factors.7,19,31 In our study, females had significantly higher
BMI at ART initiation, experienced greater weight gain
during the first year of treatment, and had almost twice the
risk of incident overweight and obesity as compared to males.

These results confirm findings from previous research in SSA
and high-income settings.9,16,32–34 Several theories exist that
explain the excessive weight gain among women in SSA.
Firstly, women are more likely to be diagnosed with HIV at
an early stage than men as they are routinely screened during
pregnancy.35,36 On the other hand, men living with HIV in
SSA may be more likely to be tested for HIV when they have

Table 2. Mean change in body mass index (BMI) in kg/m2 from initiation to 1 year of ART by baseline characteristics.

Mean± SD Change in BMI
(kg/m2) from ART initiation

to 1-year
Univariable Mean difference in
change in BMI (kg/m2) (95% CI) P value

Multivariable* mean difference in
change in BMI (kg/m2) (95% CI) P value

Sex
Female 1.46± 2.76 −0.12 (−0.33, 0.09) .27 0.29 (0.07, 0.50) .009
Male 1.58± 2.21 Ref. Ref.

Age, years
18-29.9 years 1.44± 2.62 −0.08 (−0.37, 0.20) .56 −0.07 (−0.34, 0.20) .61
30-39.9 years 1.52± 2.54 Ref. Ref.
40-49.9 years 1.66± 2.70 0.14 (−0.09, 0.37) .23 0.05 (−0.17, 0.26) .67
50+ years 1.08± 2.58 −0.43 (−0.74, −0.13) .005 −0.48 (−0.76, −0.19) .001

Education
No formal
education

1.58± 2.76 0.17 (−0.09, 0.44) .20 0.14 (−0.11, 0.39) .28

Primary 1.41± 2.55 Ref. Ref.
Secondary/
advanced

1.71± 2.69 0.30 (0.05, 0.55) .02 0.21 (−0.03, 0.45) .09

Wealth quintile
Q1 – Poorest 1.39± 2.60 Ref. Ref.
Q2 1.44± 2.47 0.05 (−0.26, 0.35) 0.01 (−0.27, 0.29)
Q3 – Middle 1.35± 2.55 −0.04 (−0.35, 0.27) 0.13 (−0.16, 0.42)
Q4 1.55± 2.67 0.16 (−0.14, 0.45) 0.22 (−0.06, 0.50)
Q5 – Richest 1.72± 2.74 0.32 (0.02, 0.62) .03** 0.46 (0.17, 0.75) <.001**

Current smoker
No 1.51± 2.63 Ref. Ref.
Yes 1.17± 2.21 −0.34 (−0.80, 0.11) .14 −0.44 (−0.88, 0.01) .05

Current alcohol drinker
No 1.52± 2.65 Ref. Ref.
Yes 1.28± 2.39 −0.24 (0.53, 0.04) .10 −0.04 (−0.31, 0.23) .14

CD4T-cell count (cells per μL)
<200 2.33± 2.72 1.86 (1.58, 2.14) <.001 1.61 (1.33, 1.88) <.001
200-349 1.15± 2.39 0.69 (0.39, 0.99) <.001 0.71 (0.41, 1.00) <.001
350-499 0.79± 2.29 0.33 (0.00, 0.66) .05 0.35 (0.03, 0.67) .03
≥500 0.46± 2.32 Ref. Ref.

WHO HIV disease stage
I/II 0.77± 2.30 Ref. Ref.
III 1.96± 2.69 1.20 (1.00, 1.39) <.001 0.89 (0.70, 1.09) <.001
IV 2.31± 2.92 1.54 (1.02, 2.07) <.001 1.01 (0.50, 1.52) <.001

Pulmonary tuberculosis co-infection
No 2.38± 2.58 Ref. Ref.
Yes 2.88± 2.68 1.50 (1.14, 1.86) <.001 0.74 (0.39, 1.09) <.001

BMI at ART initiation (kg/m2)
Underweight
<18.5

2.34± 2.33 0.74 (0.48, 0.99) <.001 0.39 (0.14, 0.64) .002

Normal
18.5-24.9

1.60± 2.58 Ref. Ref.

Overweight
25.0-29.9

1.06± 2.77 −0.54 (−0.79, −0.29) <.001 −0.23 (−0.48, 0.01) .06

Obese ≥30.0 0.32± 2.40 −1.28 (−1.60, −0.97) <.001 −0.81 (−1.12, −0.50) <.001

*Multivariable model included all variables in the table and randomized regimen (vitamin D or placebo).
**P value for trend.
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advanced disease or have comorbidities.37,38 This is supported
by our study since the sex difference in the change in BMI
during the first year of ART was only seen with multivariable
adjustment for clinical variables, since men had significantly
lower CD4T-cell counts and higher WHO HIV disease stage
at ART initiation which were independently associated with
greater weight gain. Secondly, larger body size may be consid-
ered to be reflective of being “healthy” among females in SSA,
especially women living with HIV.34,39 In a qualitative study
among women on their perception of weight gain in Uganda,
Alhasain and colleagues found that women living with HIV
considered gaining a moderate to high amounts of weight as
ideal, mostly to appeal to others that they are healthy.40 As a

result, these findings underscore the importance of interventions
that take into account the cultural and HIV-related perceptions
of weight to address overweight/obesity among women living
with HIV in Tanzania.

We also found that adults that were underweight, had low
CD4T-cell counts, and those with TB coinfection at the initia-
tion of treatment had more pronounced increases in body
weight during the first year of treatment. This finding echoes
many previous reports and has been attributed to the “return
to health” whereby the inflammation-induced metabolic
demand in PLHIV is reversed with virological control follow-
ing ART initiation.7 In a study by Bourgi from Kenya,
PLHIV with low CD4T-cell count, underweight, as well as

Table 3. Risk factors for incident overweight or obesity (BMI ≥25.0 kg/m2) among participants with a normal or underweight BMI at ART
initiation.

Percentage of participants
with incident overweight
or obesity n / N (%)

Univariable Relative
Risk (95% CI) P value

Multivariable* Relative
Risk (95% CI) P value

Sex
Female 395 / 1831 (21.6%) 1.89 (1.56-2.27) <.001 1.85 (1.49-2.27) <.001
Male 128 / 1115 (11.5%) Ref. Ref.

Age, years
18-29.9 years 95 / 595 (16.0%) 0.90 (0.72-1.12) .33 0.85 (0.66-1.09) .38
30-39.9 years 201 / 1128 (17.8%) Ref. Ref.
40-49.9 years 164 / 854 (19.2%) 1.08 (0.89-1.30) .43 1.19 (0.97-1.47) .10
50+ years 63 / 369 (17.1%) 0.96 (0.74-1.24) .74 1.14 (0.85-1.51) .38

Education
No formal education 86 / 486 (17.7%) 1.01 (0.82-1.25) .92 1.07 (0.84-1.36) .58
Primary 334 / 1908 (17.5%) Ref. Ref.
Secondary/advanced 103 / 550 (18.7%) 1.07 (0.88-1.31) .51 1.11 (0.88-1.39) .38

Wealth
Q1 – Poorest 108 / 642 (16.8%) Ref. Ref.
Q2 103 / 613 (16.8%) 1.00 (0.78-1.28) 1.04 (0.80-1.37)
Q3 – Middle 95 / 542 (17.5%) 1.04 (0.81-1.34) 0.96 (0.73-1.26)
Q4 110 / 663 (17.4%) 1.03 (0.81-1.32) 0.94 (0.71-1.24)
Q5 – Richest 107 / 516 (20.7%) 1.23 (0.97-1.57) .11** 1.04 (0.80-1.37) .11**

BMI at ART initiation (kg/m2)
Underweight <18.5 12 / 844 (1.4%) 0.06 (0.03-0.10) <.001 0.06 (0.03-0.10) <.001
Normal 18.5-24.9 511 / 2102 (24.3%) Ref. Ref.

Current smoker
No 510 / 2788 (18.3%) Ref. Ref.
Yes 13 / 158 (8.2%) 0.45 (0.27-0.76) .003 0.69 (0.39-1.22) .20

Current alcohol drinker
No 467 / 2631 (17.8%) Ref. Ref.
Yes 56 / 259 (17.8%) 1.00 (0.78-1.29) .99 1.06 (0.80-1.41) .69

CD4T-cell count at ART initiation
(cells per μL)
<200 262 / 1399 (18.7%) 1.20 (0.92-1.57) .17 1.40 (1.05-1.88) .02
200-349 121 / 644 (18.8%) 1.21 (0.90-1.61) .20 1.23 (0.89-1.69) .21
350-499 68 / 399 (17.0%) 1.10 (0.79-1.51) .58 1.09 (0.76-1.55) .65
≥500 56 / 360 (15.6%) Ref. Ref.

WHO HIV disease stage
I/II 179 / 904 (19.8%) Ref. Ref.
III 321 / 1871 (17.2%) 0.87 (0.73-1.02) .09 0.98 (0.81-1.18) .82
IV 23 / 171 (13.5%) 0.68 (0.45-1.02) .06 1.10 (0.70-1.71) .69

Pulmonary tuberculosis coinfection
No 472 / 2609 (18.1%) Ref. Ref.
Yes 51 / 337 (15.1%) 0.84 (0.64-1.09) .19 1.23 (0.91-1.67) .17
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those with TB coinfection had a higher risk of gaining >10% of
their baseline body weight after ART initiation.32 The associa-
tion between TB coinfection and rebound of weight following
ART initiation has been previously reported by others in
SSA,32,41 and our findings add that this association is indepen-
dent of factors such as gender, CD4T-cell count, WHO HIV
stage, and baseline nutrition status in our population. These
findings highlight the complexity of weight gain among
PLHIV; some degree of weight gain should be expected for
individuals that are underweight, severely immunocompro-
mised, or have comorbidities at the start of ART. However,
more research is needed to determine in these groups the
amount of weight gain that places these individuals at higher
risk for NCDs and other longer-term health outcomes.

Our results have several implications for monitoring and
development of interventions to mitigate excess weight gain
experienced by PLHIV on ART, especially during the initial
months of ART initiation when weight gain is often greatest.
Although data are still limited on the long-term effects of
excess weight gain among PLHIV on ART, current evidence
indicates excess weight will likely be a mediator to other cardio-
vascular disease risk factors including hypertension, type 2 dia-
betes, and dyslipidemia. In a context like Tanzania, where
PLHIV were once characterized by HIV-associated wasting,
education will be needed for both PLHIV and healthcare
workers on the need to prevent and manage excess weight
gain. Nevertheless, there remains a “double burden” of under-
nutrition and overnutrition among PLHIV and continued
efforts to address food insecurity and patients that become
underweight or do not maintain a healthy weight after ART ini-
tiation are also needed. Findings of this study will also serve as
baseline measures for comparing incident overweight and
obesity as well as change in weight gain over time for efavirenz-
based regimens as compared with newer regimens including the
dolutegravir-based ART regimens.

Our study has several limitations. First, these data were col-
lected before the introduction of dolutegravir-based first-line
ART in Tanzania, which is of particular concern for weight
gain. Nevertheless, our findings give important information
on other non-ART-related sociodemographic and clinical risk
factors that are likely to remain associated with weight gain
even with new ART regimens. Second, as this is an observa-
tional study there may be residual or unmeasured confounding
that may have contributed to the differences in weight gain
among the study subgroups. Third, our study was conducted
in urban Dar es Salaam among adults that were initiating
ART. As a result, our findings may not be directly generalizable
to other populations within Tanzania, including rural popula-
tions, and more broadly in East Africa.

In conclusion, our study confirms that there is an urgent need
to address high BMI at ART initiation and weight gain during
the initial year of treatment among PLHIV in Dar es Salaam,
Tanzania. Given the resources to address HIV and NCDs may
be limited in settings like Tanzania, we have provided valuable
insights into sociodemographic and clinical factors that might
identify subpopulations that may benefit the most from

interventions that promote healthy weight, including adult
women, that may reduce the risk of NCDs. However, it also
remains important to note that underweight remains an issue
in this population, and some degree of weight gain may be
indicative of a “return to health” for some patients. Overall,
our study findings support the development and evaluation of
culturally tailored interventions to promote healthy weight
among PLHIV in hopes of reducing the risk of NCDs and ulti-
mately enhancing the long-term survival benefits of ART pro-
grams in Tanzania.
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