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Background: Antiretroviral therapy (ART) is associated with weight gain, but this has been
shown to be more marked with dolutegravir and other integrase strand transfer inhibitors.

Objectives: We studied weight gain in people living with HIV (PLWH) on ART compared
to the general population in the period before dolutegravir was introduced in a rural South
African cohort.

Method: Longitudinal analysis of the Ndlovu Cohort Study including 3648 months’ follow-
up data. From 2014 to 2019, data were collected annually in Limpopo, rural South Africa.
Linear mixed models using HIV status, demographics, ART use and cardiovascular risk factors
were used to estimate trends in body mass index (BMI) over time.

Results: In total, 1518 adult, non-pregnant participants were included, of whom 518 were
PLWH on ART (79.8%), 135 PLWH not yet on ART (20.2%) and 865 HIV-negative. HIV-
negative participants had significantly higher BMIs than PLWH on ART at all study visits.
There was a significant increase in BMI in all subgroups after 36 months (PLWH on ART, BMI
+1.2 kg/m?, P < 0.001; PLWH not on ART, BMI +1.8 kg/m?, P < 0.001 and HIV-negative,
BMI +1.3 kg/m?, P <0.001).

Conclusion: The increase in BMI in PLWH and HIV-negative participants is a serious warning
signal as obesity results in morbidity and mortality.

Keywords: body mass index; obesity; sub-Saharan Africa; HIV; antiretroviral therapy;
integrase strand transfer inhibitors.

What this study adds: Weight gain is a concern in HIV-positive people using integrase strand
transfer inhibitors (INSTIs). This study shows that there was significant weight gain in both
HIV-positive and HIV-negative people before the introduction of INSTIs, indicating that
weight gain is a population-wide problem necessitating health interventions.

Introduction

The world is facing an obesity epidemic. Since 1980, the prevalence of obesity has doubled in
more than 70 countries, resulting in approximately 600 million adult people with obesity
in 2015.! Overweight and obesity are risk factors for diabetes mellitus and cardiovascular
diseases and result in an increased risk of premature mortality.** Not only high-income countries
suffer from this global pandemic. Trends in rising obesity rates in low- and middle-income
countries have been reported as well.* In 2016, 31% of men older than 15 years were overweight
or obese in South Africa, and 68% of women.®

The obesity epidemic intersects with the HIV epidemic. At the end of 2019, 38 million people
were living with an HIV infection globally.® The most severely affected region is sub-Saharan
Africa (SSA), where about two-thirds of all people living with HIV (PLWH) reside.® Since the
introduction of combined antiretroviral therapy (ART) in 1996, HIV-related morbidity and
mortality has decreased and life expectancy increased.” Together with an increased life
expectancy, the risk of age- and lifestyle-related comorbidities, including obesity, also increased.®

In 2018, the World Health Organization recommended to change first-line ART to an integrase
strand transfer inhibitor (INSTI)-based regimen.’ The introduction of dolutegravir and other
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INSTIs has been associated with greater weight gain than
non-INSTI regimens.'®" Since then, the scientific spotlight
has been on INSTI-related weight gain. Less is known about
weight gain on previous first-line ART regimens, especially
with extended use. Furthermore, little is known about weight
gain in PLWH ART in the pre-2018 period compared to
weight gain in the HIV-negative population. This study aims
to gain insight into weight gain in PLWH on ART or initiating
ART compared to weight gain in the HIV-negative population
in South Africa in the pre-INSTI period over a period of 3648
months.

Methods

This study is a secondary data analysis of the Ndlovu Cohort
study (NCS). The NCS is located in Limpopo province, South
Africa and was set up to investigate the influence of HIV and
ART on cardiovascular risk factors and cardiovascular events
in a rural African population. The design and methods have
been described previously."? In short, inclusion criteria were
being aged 18 years and older, being able to provide written
informed consent, and being committed to long-term follow-
up. Study enrolment took place with the help of community
campaigns, and participants were recruited at local events,
shopping centres and at the Ndlovu Medical Centre (NMC).
The NMC included a Department of Health-contracted HIV
treatment facility serving approximately 3700 PLWH. Upon
enrolment in the NCS, participants underwent HIV testing
unless they were on HIV treatment. First-line and second-
line ART were defined according to the South African
National Department of Health guidelines.”” ART treatment
status at baseline was assessed by self-report and
complemented with data from an electronic HIV registry
(TIER.net). ART treatment during follow up was assessed by
self-report. Study approval was obtained from the Human
Research Ethics Committee of the University of Pretoria,
South Africa, and the Limpopo Department of Health Ethics
Committee. Written informed consent was obtained from all
participants prior to study participation.

Measurements and definitions

Data were collected on demographics, medical history and
medication use using standardised questionnaires. Blood
samples were drawn to measure CD4 cell count and viral
load (VL). All participants were invited for annual follow-up
visits for up to 48 months, during which anthropometric
measurements, including height and weight, CD4 cell count
and VL were measured again. The same scales were used
during the survey. Body mass index (BMI, kg/m?) was
calculated using height at baseline. BMI was classified as
‘underweight’” (BMI < 18.5 kg/m?), ‘normal weight” (BMI
18.5-24.9 kg/m?), ‘overweight’ (BMI 25.0-29.9 kg/m? or
‘obese” (BMI > 30.0 kg/m?). Intake of vegetables and fruit,
used as a proxy for healthy food, was categorised as: “poor’
(< 2 servings/day), ‘intermediate’ (2-4 servings/day) or
‘good’ (= 5 servings/day). Monthly income was categorised
in three categories: less than R648.00 (South African rand)
(~$46.00) (below the poverty line), between R648.00 and

Page 2 of 12 . Original Research

http://www.sajhivmed.org.za . Open Access

R992.00, and more than R992.00, as defined by Statistics
South Africa in the period of study enrolment." Employment
status was defined as: ‘unemployed’, ‘self-employed” or
‘other” (student, retired, volunteer). Relationship status was
defined as ‘stable’, including married, cohabiting or having a
life partner, or ‘unstable’, including divorced, single,
widowed or multiple partners. The highest level of education
level was categorised as ‘none’, ‘primary’, ‘secondary and
matric” and ‘college and university’. Physical activity levels
were measured with the International Physical Activity
Questionnaire and categorised as ‘low’, ‘moderate’ or
/high/.IS,lé

Statistical analysis

Demographics were reported as mean and standard
deviation, median with interquartile range or count with
percentage, as appropriate. At baseline, participants were
divided in three groups: 'PLWH on ART’, 'PLWH not on
ART’, and "HIV-negative’. Differences in demographics and
clinical characteristics between groups at baseline was
presented using descriptive statistics. Participants on first-
and second-line ART were combined, since the percentage of
participants on second-line ART was too small to be analysed
separately. We excluded participants with missing data on
ART at baseline, participants with only a single visit, and
female participants who reported themselves to be pregnant
at any visit.

The trend in BMI over time was analysed with linear mixed
models (estimated with maximum likelihood). We used two
different approaches to categorise patients, both aiming to
calculate estimated marginal means for BMI by HIV and ART
status. In the first approach, assignment to a group was
flexible over time, for example depending on HIV and ART
status at a specific visit. Participants could possibly, therefore,
change groups every follow-up visit. ART use was defined in
two different ways. In model 1, HIV status and self-reported
ART status was used to define the following three groups:
‘PLWH on ART’, 'PLWH not on ART” and ‘HIV-negative’. In
model 2, VL was used as a proxy for ART use. A VL
< 1000 copies/mL was classified as ‘PLWH on ART’, a VL
>1000 copies/mL as ‘PLWH not on ART".

In the second approach (model 3), assignment to a group was
fixed. Participants were assigned to a group according to HIV
status and VL at baseline and follow-up, so participants
could not vary between groups during follow-up. PLWH on
ART with VL <1000 copies/mL at baseline, who remained
virally suppressed (VL <1000 copies/mL) during follow-up,
were classified as ‘PLWH on stable ART’. At baseline, PLWH
who were virally unsuppressed (VL > 1000 copies/mL)
(regardless of ART use) with viral suppression during all
attended follow-up visits were classified as ‘PLWH initiating
ART'. Participants with either VL < 1000 copies/mL or VL
> 1000 copies/mL at baseline and at least one follow-up visit
with VL > 1000 copies/mL were categorised as ‘PLWH either
ART non-adherence or therapy resistance’. Participants
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who were HIV-negative at study enrolment but tested
HIV-positive at any follow-up visit were marked as
‘seroconverters’, and participants who were negative at
study enrolment and remained HIV-negative, as ‘HIV-
negative’. In this approach, participants needed to have at
least one available VL result during follow-up to be included.

In all three models, we used a random intercept and a random
effect for time. The following variables were included as
fixed effects: HIV treatment status (as defined per model),
sex, age, time, time on ART at baseline, income per month,
relationship status, physical activity, educational level, fruit
and vegetable intake, smoking status, and the interaction
between time and both HIV treatment status and gender.
Time on ART at baseline was set to zero for participants not
on ART at study enrolment. Known duration of HIV infection
was not included in our model, as a high correlation with
ART duration was expected. To avoid assumptions of the
BMI trend over time, BMI was included as both an ordinal
and a continuous variable. Results are presented as estimated
marginal means and regression coefficients () with 95%
confidence intervals.

Statistical testing was limited to 36 months’ follow-up data,
although 48-month follow-up data are included in the
figures. Physical visits ended in 2019 due to budget
constraints and not all participants had completed a 48-month
study visit. The majority of HIV-positive participants were
included in the second half of the inclusion period as baseline.
Consequently, more HIV-positive than HIV-negative
participants missed the 48-month visit, and missing at
random cannot be guaranteed. A P-value < 0.05 was
considered to be statistically significant. Statistical analysis
was done with Statistical Package for Social Sciences version
26 (IBM SPSS Statistics for Windows, Version 26.0. Armonk,
New York: IBM Corp).

Ethical considerations

Ethical clearance to conduct this study was obtained from the
University of Pretoria, Faculty of Health Sciences Research
Ethics Committee (No. 227/2014).

Results

The NCS included 1927 participants. We excluded three
participants due to missing ART information at baseline, 342
participants without any follow-up visit and 64 female
participants due to pregnancy at any point in the study. In
total, 1518 participants were included (Table 1). Mean age of
study participants was 39.4 years (standard deviation [s.d.]:
12.9), the majority were female (817 women; 54.1%, P <0.001).
In total, 518 PLWH (79.3%) were on ART at study enrolment,
135 PLWH (20.7%) were not yet on ART and 865 participants
were HIV-negative. In total, 463 participants (89.4%) were on
first-line ART and 55 participants (10.6%) on second-line
ART. PLWH on ART were significantly older compared to
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HIV-negative participants (43.2 years versus 37.3 years, P <
0.001). BMI of HIV-negative participants at baseline was
higher compared to PLWH on ART (24.7 kg/m? versus
23.6 kg/m?, P=0.009). Female participants had a significantly
higher BMI compared to male participants (26.4 kg/m?
versus 21.7 kg/m?, P <0.001). Most study participants had a
normal weight (726 participants, 47.8%). Median time since
HIV diagnosis for PLWH on ART was 72.0 months
(interquartile range [IQR]: 33.5-107.0). During follow-up,
32 participants were newly diagnosed with HIV (median
time to seroconversion was 23.0 months, IQR: 12.3-35.0). Up
to the 36-month follow-up timepoint, 5196 follow-up visits
with available weight, and hence BMI, were included. At
36 months, loss to follow-up was 25.7% (at 48 months, loss to
follow-up was 62.7%). The distribution of population
characteristics at 36 months did not differ from the
distribution of these characteristics at baseline (Table 2). On
average, all groups, regardless of HIV and ART status, gained
weight during study follow-up (Figure 1). Figure 2 shows the
increase in percentage of PLWH on ART with overweight
during study follow-up (18.9% at baseline versus 25.9% at
36 months) and obesity (13.5% at baseline versus 20.5% at
36 months). For HIV-negative participants, the percentage of
overweight people did not change much (21.4% at baseline
and 21.6% at 36 months), but obesity increased from 19.8% at
baseline to 26.1% at 36 months.

Model 1 (Figure 3) shows the trends in BMI over time,
where groups are defined using self-reported ART status.
All subgroups had a significant weight gain at 36 months
compared to the baseline visit (PLWH on ART, BMI
+1.2 kg/m? P <0.001; PLWH not on ART, BMI +1.9 kg/m?,
P < 0.001; HIV-negative, BMI +1.3 kg/m? P < 0.001).
Weight gain was significant in the first 12 months in PLWH
on ART (BMI +0.3 kg/m? P = 0.001). HIV-negative
participants had a significantly higher BMI compared to
PLWH on ART at all study visits (after 36 months BMI
+1.8 kg/m?, P <0.001). Model 2 (Figure 1-Al), using VL as
a proxy for ART use, showed similar trends in BMI
compared to model 1.

In model 3 (Figure 2-Al), participants had a fixed
allocation to one group. In total, 1499 participants were
included in this analysis (411 PLWH on stable ART, 96
PLWH initiating HIV, 127 PLWH either ART non-
adherence or therapy resistant, 32 seroconverters and 833
HIV-negative participants). PLWH on stable ART, PLWH
initiating ART and HIV-negative individuals had
significant weight gain from baseline to 36 months (PLWH
on stable ART, BMI +1.3 kg/m? P <0.001; PLWH initiating
ART, BMI +1.0 kg/m? P = 0.001; HIV-negative; BMI
+1.3 kg/m?, P <0.001). PLWH either ART non-adherence
or therapy resistant (BMI +0.3 kg/m? P = 0.229) and
seroconverters (BMI +0.7 kg/m? P = 0.147) had no
significant weight gain in 36 months. In the first 12
months, weight gain was most pronounced in PLWH who
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31.0

29.0

Body mass index (kg/m?)

PLWH on ART

PLWH not on ART

30.9

M Baseline N=1518
HIV positive, on ART N=518(34.1%)
HIV positive, not on ART N =135 (8.9%)
HIV negative N =865 (57.0%)

B 12 months N=1372
HIV positive, on ART N =545 (39.7%)
HIV positive, not on ART N =55 (4.0%)
HIV negative N =772 (56.3%)

Il 24 months N=1178
HIV positive, on ART N =472 (40.1%)
HIV positive, not on ART N =30 (2.5%)
HIV negative N =676 (57.4%)

¥ 36 Months N=1128
HIV positive, on ART N =440 (39.0%)
HIV positive, not on ART N =22 (2.0%)
HIV negative N =666 (59.0%)

48 Months N =566

HIV positive, on ART N =168 (29.7%)
HIV positive, noton ART N =7 (1.2%)
HIV negative N =391 (69.1%)

HIV-negative

Note: Mean body mass per study year stratified by HIV status and ART used in the Ndlovu Cohort Studly.

PLWH, people living with HIV; ART, antiretroviral therapy.
FIGURE 1: Body mass index over time in the Ndlovu Cohort Study.

initiated ART (BMI +0.5 kg/m? P = 0.026), but also
increased in PLWH on stable ART (BMI +0.4 kg/m?
P <0.001). From 12 months to 36 months, weight continued
to increase but the trend in BMI was attenuated in PLWH
compared to HIV-negative participants, for whom BMI
increased significantly between every visit (12-24 months,
BMI +0.9 kg/m? P < 0.001 and 24-36 months, BMI
+0.4 kg/m?, P <0.001). At every study visit, except for the
12 months visit, HIV-negative participants were
significantly heavier than PLWH on stable ART and
PLWH initiating ART (after 36 months, HIV-negative
participants versus PLWH on stable ART, BMI +1.7 kg/
m?, P = 0.007, and HIV-negative participants versus
PLWH initiating ART, BMI +2.2 kg/m?, P = 0.012).

In all models, female gender, higher educational status
(university and college), currently not smoking, fruit and
vegetable intake as dietary proxy and age were significantly
associated with a higher BMI (P < 0.05). The initial BMI
was inversely correlated with the duration of ART treatment
(P <0.05) (Appendix 1, Table 1-A1).

Discussion

Weight-gain trajectories in PLWH on or initiating ART
compared to HIV-negative participants were similar and
significant. This suggests that the weight gain seen in various
observational studies and randomised controlled trials
(RCTs) is, at least in part, a return to an obesogenic population
trajectory. This observation aligns with the findings of other
observational studies, affirming a sustained increase in BMI
over time in patients, regardless of their HIV status."”'%

There is ample evidence that PLWH starting INSTI gain
significantly more weight compared to PLWH using a first-
line ART regimen without INSTL**2 However, most
studies addressing weight gain in people on INSTI-based
ART lack comparison with HIV-negative controls, which
makes it hard to address excess weight gain compared to the
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non-HIV-positive population. RCTs conducted in ART-naive
PLWH in Johannesburg, South Africa, and in Yaoundé,
Cameroon, showed a significant increase in weight over 96
weeks in people on a dolutegravir-emtricitabine-tenofovir-
containing regimen compared to the standard care group
receiving a tenofovir disoproxil fumarate and efavirenz-based
regimen.”” The trend in weight gain observed in people on
non-INSTI regiments during 96 weeks follow-up in the South
African RCT is comparable to our study results (at 96 weeks,
participants on non-INSTI containing ART increased 2.3 kg
versus 2.4 kg in PLWH initiating ART in our study after 24
months).”? The Swiss Cohort study, an observational study
between 1990 and 2012 with 1601 PLWH (80% male,
predominantly men who have sex with men), found that BMI
increased most steeply within the first year of ART use (BMI
+0.92 kg/m? 95% CI: 0.8-1.0 kg/m?) whereafter BMI
continued to increase, but at a lower rate (BMI +0.31 kg/m?
per year, 95% CI: 0.29-0.34 kg/m?).?* The steep increase in
weight in the first 12 months is in line with what we found in
PLWH initiating ART (BMI +0.52 kg/m? per year, 95% CI: 0.06
- 0.98 kg/m?), but in our study the curve did not flatten after
12 months, unlike in the Swiss Cohort study. The continued
increase in BMI observed in our study could be related to the
obesogenic  environment, differences in population
demographics such as ethnicity and gender, as well as age-
related increase in BMI.? The North American AIDS Cohort
Collaboration on Research and Design study was another
observational study which analysed BMI of 14 084 PLWH
(83% male, 57% non-Caucasian) between 1998 and 2010.%
Trends in BMI were compared to BMI trends in the general
United States population. During the study period, the
prevalence of obesity increased more in PLWH on ART
compared to HIV-negative participants, although weight
increased in both groups (in 1998, prevalence of obesity was
9% in PLWH on ART versus 22% in HIV-negative participants
and in 2010, 18% of PLWH on ART were obese versus 27%
controls). In line with these findings, we found an increased
percentage in obesity rates in both PLWH on ART and HIV-
negative participants over time, namely a 7.0% increase in
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Note: The figure illustrates the relative percentage of participants having underweight, normal weight, overweight or obesity during 48 months of study follow up.

PLWH, people living with HIV; ART, antiretroviral therapy.

FIGURE 2: Relative percentages of body mass index categorised at baseline and after 48 months of study follow up in Ndlovu Cohort Study. (a) Baseline (N =1518); (b) 12
months (N =1372); (c) 24 months (N =1178); (d) 36 months (N =1128) and (e) 48 months (N = 566).

obesity (from 13.5% to 20.5%) after 36 months in PLWH on
ART and 6.3% increase in obesity (from 19.8% to 26.1%) in
HIV-negative participants after the 36-month follow-up.

In our second model (Figure 1-A1), VL was used as a proxy
for ART use to account for therapy non-adherence and ART
failure. As the trends in BMI were similar to the trends seen
inmodel 1 (Figure 3), the use of self-reported ART information
seems to be reliable.

Although we did not find excessive weight gain in PLWH
compared to HIV-negative participants, the increase in BMI
in general was significant. As the prevalence of obesity is
rising, the risk of comorbidities like cardiovascular diseases,
type 2 diabetes mellitus, hypertension, sleep apnoea and
some malignancies is increasing.” As a result, overweight or
obese people have an increased risk of all-cause mortality.”

http://www.sajhivmed.org.za . Open Access

Weight gain in our study was most pronounced in women,
regardless of HIV status. Other studies on PLWH, including
studies addressing INSTI-based ART regiments, also
observed excessive weight gain in women compared to
men.?»»3031 In HIV-negative women in South Africa,
poverty in childhood and the lack of access to resources in
adulthood life are associated with higher obesity rates
compared to HIV-negative men.* Other factors influencing
the increase in body weight are urbanisation, unhealthy diets
linked to availability of fast food, and poverty and social
perceptions.®

Strengths and limitations

Our study is the largest study in rural SSA investigating
BMI over time, including both PLWH and HIV-negative
controls. Another strength is the implementation of a linear
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FIGURE 3: Body mass index over time by self-reported antiretroviral therapy
(model 1).

mixed model, which could adequately handle missing data
and hence optimise use of the data. We present data on the
group ‘PLWH not yet on ART". In line with current treatment
recommendations, most participants initiated treatment
upon diagnosis. As a result, the group ‘not on ART" is based
on small numbers from the first follow-up visit. This is,
however, not the case in the model where ART use is defined
based on VL, as that model provides insight into the group
of PLWH that is either therapy non-compliant or resistant to
ART. Interpretation of both models provides comprehensive
insight into the effect of continued viraemia on BMI. Finally,
we used models in which participants” allocation to a group
could change based on self-reported ART and VL per visit,
and a model where allocation to a group was fixed over
time. Therefore, our models are suitable to make both
general statements about the trend in BMI over time, as well
as individualised statements (e.g., the expected trajectory of
a participant based on viral suppression during study
follow-up). The main limitation in our study is the loss
to follow-up percentage of 25.7% at 36 months. However,
loss to follow-up is regarded to be missing at random, and
this is supported by the finding that the distribution of
population characteristics at 36 months is more or less the
same as at baseline. The second limitation in our study is
the self-reported ART use during follow-up. Although we
used VL as proxy for ART use, more accurate data on ART
use as well as information on specific ART regimens would
possibly have added valuable data. A third limitation is the
low prevalence of second-line ART use in our study.
Therefore, we could not study the impact of different ART
regimens on BMIL.

Conclusion

Pre-INSTI efavirenz-based ART regimens did not result in
excessive weight gain in PLWH compared to HIV-negative
participants. Among PLWH on or initiating ART, BMI increased
significantly in the first 12 months. Over the course of 36
months, there was a significant increase in BMI in the whole
population, similar across groups. This is a serious warning
signal as obesity results in morbidity and mortality.
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Policymakers and healthcare workers should prioritise
awareness and intervention campaigns to combat the increasing
prevalence of unhealthy body weight. Future studies should
focus on INSTI-related weight gain in PLWH compared to HIV-
negative controls in SSA to seek out whether an increase in BMI
is more significant in PLWH than in HIV-negative controls.

Acknowledgements

We would like to thank R.K. Stellato, the statistician who
helped us build the syntax of the mixed linear models.

Competing interests

The authors declare that they have no financial or personal
relationships that may have inappropriately influenced them
in writing this article.

Authors’ contributions

Fv.G.,, REB. HT, KK.-G., DE.G., KS., EWD.V and
A.G.V.-S. were involved in conceptualisation of the study;
Fv.G., HT, KS. and A.G.V.-S. were responsible for data
curation; and F.v.G. and A.G.V-S. performed the formal data
analysis. A.G.V.-S. and K.K.-G. were supervisors for the
study. The original draft was written by F.v.G. and A.G.V.-S,,
and all authors reviewed and edited the article.

Funding information

This research (a sub-analysis of the Ndlovu Cohort
Study) received no specific grant from any funding agency in
public, commercial, or not-for-profit sectors.

Data availability

Data are available upon reasonable request from the
corresponding author, A.G.V.S.

Disclaimer

The views and opinions expressed in this article are those of
the authors and are the product of professional research. It
does not necessarily reflect the official policy or position of
any affiliated institution, funder, agency, or that of the
publisher. The authors are responsible for this article’s results,
findings, and content.

References

1. Afshin A, Forouzanfar MH, Reitsma MB, et al. Health effects of overweight and
obesity in 195 countries over 25 years. N Engl J Med. 2017;377(1):13-27. https://
doi.org/10.1056/NEJMo0al614362

2. Di Angelantonio E, Bhupathiraju SN, Wormser D, et al. Body-mass index and all-
cause mortality: Individual-participant-data meta-analysis of 239 prospective
studies in four continents. Lancet. 2016;388(10046):776-786. https://doi.
org/10.1016/S0140-6736(16)30175-1

3. Kivimaki M, Kuosma E, Ferrie JE, et al. Overweight, obesity, and risk of
cardiometabolic multimorbidity: Pooled analysis of individual-level data for
120 813 adults from 16 cohort studies from the USA and Europe. Lancet Public
Health. 2017;2(6):e277-e285. https://doi.org/10.1016/52468-2667(17)30074-9

4. Hamid S, Groot W, Pavlova M. Trends in cardiovascular diseases and associated
risks in sub-Saharan Africa: A review of the evidence for Ghana, Nigeria, South
Africa, Sudan and Tanzania. Aging Male. 2019;22(3):169-176. https://doi.org/10.
1080/13685538.2019.1582621



http://www.sajhivmed.org.za�
https://doi.org/10.1056/NEJMoa1614362�
https://doi.org/10.1056/NEJMoa1614362�
https://doi.org/10.1016/S0140-6736(16)30175-1�
https://doi.org/10.1016/S0140-6736(16)30175-1�
https://doi.org/10.1016/S2468-2667(17)30074-9�
https://doi.org/10.1080/13685538.2019.1582621�
https://doi.org/10.1080/13685538.2019.1582621�

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Statistics South Africa. South Africa demographic and health survey 2016: Key
indicator report. Statistics South Africa, 2017; p. 1-57.

World Health Organization. Number of people (all ages) living with HIV [homepage
on the Internet]. [cited 2021 Sep 22]. Available from: https://www.who.int/data/
gho/data/themes/hiv-aids#

Croxford S, Kitching A, Desai S, et al. Mortality and causes of death in people
diagnosed with HIV in the era of highly active antiretroviral therapy compared with
the general population: An analysis of a national observational cohort. Lancet Public
Health. 2017;2(1):e35—e46. https://doi.org/10.1016/S2468-2667(16)30020-2

Bailin SS, Gabriel CL, Wanjalla CN, Koethe JR. Obesity and weight gain in persons
with HIV. Curr HIV/AIDS Rep. 2020;17:138-150. https://doi.org/10.1007/s11904-
020-00483-5

World Health Organization. Updated recommendations on first-line and second-
line antiretroviral regimens and post-exposure prophylaxis and recommendations
on early infant diagnosis of HIV: interim guidelines. Supplement to the 2016
consolidated guidelines on the use of antiretroviral drugs for treating and
preventing HIV infection. Geneva: World Health Organization; 2018 (WHO/CDS/
HIV/18.51). Licence: CC BY-NC-SA 3.0 IGO.

Bourgi K, Rebeiro PF, Turner M, et al. Greater weight gain in treatment-naive
persons starting dolutegravir-based antiretroviral therapy. Clin Infect Dis.
2020;70(7):1267-1274. https://doi.org/10.1093/cid/ciz407

Eckard AR, McComsey GA. Weight gain and integrase inhibitors. Curr Opin Infect
Dis. 2020;33(1):10-19. https://doi.org/10.1097/QC0O.0000000000000616

Vos A, Tempelman H, Devillé W, et al. HIV and risk of cardiovascular disease in
sub-Saharan Africa: Rationale and design of the Ndlovu Cohort Study. Eur J Prev
Cardiol. 2017;24(10):1043-1050. https://doi.org/10.1177/2047487317702039

National Department of Health. National consolidated guidelines for the
prevention of mother-to-child transmission of HIV (PMTCT) and the management
of HIV in children, adolescents and adults. Department of Health Republic of
South Africa, 2015; p. 1-128.

Statistics South Africa. Poverty trends in South Africa: An examination of
absolute poverty between 2006 and 2015. Statistics South Africa, Pretoria.
Available at: https://www.statssa.gov.za/publications/Report-03-10-06/
Report-03-10-062015.pdf

Group Tl. International Physical Activity Questionnaire [homepage on the Internet].
[cited 2021 Oct 14]. Available from: https://sites.google.com/view/ipag/home.

Craig CL, Marshall AL, Sjostrom M, et al. International physical activity
questionnaire: 12-Country reliability and validity. Med Sci Sports Exerc.
2003;35(8):1381-1395. https://doi.org/10.1249/01.MSS.0000078924.61453.FB

Mavarani L, Albayrak-Rena S, Potthoff A, et al. Changes in body mass index,
weight, and waist-to-hip ratio over five years in HIV-positive individuals in the HIV
Heart Aging Study compared to the general population. Infection.
2023;51(4):1081-1091. https://doi.org/10.1007/s15010-023-02009-8

Boodram B, Plankey MW, Cox C, et al. Prevalence and correlates of elevated body
mass index among HIV-positive and HIV-negative women in the women’s
interagency HIV study. AIDS Patient Care STDS. 2009;23(12):1009-1016. https://
doi.org/10.1089/apc.2009.0175

Garcia JM, Dong Y, Richardson P, et al. Effect of HIV and antiretroviral therapy use
on body weight changes in a cohort of U.S. veterans living with and without HIV.
HIV Med. 2023;24(2):180-190. https://doi.org/10.1111/hiv.13366

Page 9 of 12 . Original Research
20.

21.

22.

23,

24,
25.

26.

27.

28.
29.

30.

31.
32.

33.

Goldberg RN, Kania AT, Michienzi SM, Patel M, Badowski ME. Weight gain in
incarcerated individuals living with HIV after switching to integrase strand
inhibitor-based therapy. J Int Assoc Provid AIDS Care. 2021;20:1-6. https://doi.
org/10.1177/2325958221996860

Kline MDA, Daniels C, Xu X, et al. Antiretroviral therapy anchor-based trends in
body mass index following treatment initiation among military personnel with HIV.
Mil Med. 2021;186(3—4):279-285. https://doi.org/10.1093/milmed/usaas16

Calmy A, Tovar Sanchez T, Kouanfack C, et al. Dolutegravir-based and low-dose
efavirenz-based regimen for the initial treatment of HIV-1 infection (NAMSAL):
Week 96 results from a two-group, multicentre, randomised, open label, phase 3
non-inferiority trial in Cameroon. Lancet HIV. 2020;7(10):e677-e687.

Venter WDF, Sokhela S, Simmons B, et al. Dolutegravir with emtricitabine and
tenofovir alafenamide or tenofovir disoproxil fumarate versus efavirenz,
emtricitabine, and tenofovir disoproxil fumarate for initial treatment of HIV-1
infection (ADVANCE): Week 96 results from a randomised, phase 3, n. Lancet HIV.
2020;7(10):e666-e676. https://doi.org/10.1016/52352-3018(20)30241-1

Hasse B, Iff M, Ledergerber B, et al. Obesity trends and body mass index changes
after starting antiretroviral treatment: The Swiss HIV Cohort Study. Open forum
Infect Dis. 2014 Sep;1(2):0fu040. https://doi.org/10.1093/ofid/ofu040

Nuttall FQ. Body mass index: Obesity, BMI, and health: A critical review. Nutr
Today. 2015;50(3):117-128. https://doi.org/10.1097/NT.0000000000000092

Koethe JR, Jenkins CA, Lau B, et al. Rising obesity prevalence and weight gain
among adults starting antiretroviral therapy in the United States and
Canada. AIDS Res Hum Retrovir. 2016;32(1):50-58. https://doi.org/10.1089/
2id.2015.0147

Poirier P, Giles TD, Bray GA, et al. Obesity and cardiovascular disease:
Pathophysiology, evaluation, and effect of weight loss: An update of the 1997
American Heart Association Scientific Statement on obesity and heart disease
from the Obesity Committee of the Council on Nutrition, Physical. Circulation.
2006;113(6):898-918. https://doi.org/10.1161/CIRCULATIONAHA.106.171016

De Gonzalez AB, Phil D, Hartge P, et al. Body-mass index and mortality among 1.46
million white adults. N Engl J Med. 2011;363(23):2211-2219. https://doi.
org/10.1056/NEJM0al000367

Bares SH, Smeaton LM, Xu A, Godfrey C, McComsey GA. HIV-infected women gain
more weight than HIV-infected men following the initiation of antiretroviral therapy.
J Womens Health. 2018;27(9):1162-1169. https://doi.org/10.1089/jwh.2017.6717

Erlandson KM, Zhang L, Lake JE, et al. Changes in weight and weight
distribution across the lifespan among HIV-infected and -uninfected men
and women. Med (United States). 2016;95(46):p e5399. https://doi.
org/10.1097/MD.0000000000005399

Venter WDF, Moorhouse M, Sokhela S, et al. Dolutegravir plus two different
prodrugs of tenofovir to treat HIV. N Engl J Med. 2019;381(9):803-815. https://
doi.org/10.1056/NEJM0a1902824

Case A, Menendez A. Sex differences in obesity rates in poor countries: Evidence
from South Africa. Econ Hum Biol. 2009;7(3):271-282. https://doi.org/10.1016/j.
ehb.2009.07.002

Boutayeb A. The double burden of communicable and non-communicable
diseases in developing countries. Trans R Soc Trop Med Hyg. 2006;100(3):191-199.
https://doi.org/10.1016/j.trstmh.2005.07.021

http://www.sajhivmed.org.za . Open Access

Appendices starts on the next page -



http://www.sajhivmed.org.za�
https://www.who.int/data/gho/data/themes/hiv-aids#�
https://www.who.int/data/gho/data/themes/hiv-aids#�
https://doi.org/10.1016/S2468-2667(16)30020-2�
https://doi.org/10.1007/s11904-020-00483-5�
https://doi.org/10.1007/s11904-020-00483-5�
https://doi.org/10.1093/cid/ciz407�
https://doi.org/10.1097/QCO.0000000000000616�
https://doi.org/10.1177/2047487317702039�
https://www.statssa.gov.za/publications/Report-03-10-06/Report-03-10-062015.pdf�
https://www.statssa.gov.za/publications/Report-03-10-06/Report-03-10-062015.pdf�
https://sites.google.com/view/ipaq/home�
https://doi.org/10.1249/01.MSS.0000078924.61453.FB�
https://doi.org/10.1007/s15010-023-02009-8�
https://doi.org/10.1089/apc.2009.0175�
https://doi.org/10.1089/apc.2009.0175�
https://doi.org/10.1111/hiv.13366�
https://doi.org/10.1177/2325958221996860�
https://doi.org/10.1177/2325958221996860�
https://doi.org/10.1093/milmed/usaa416�
https://doi.org/10.1016/S2352-3018(20)30241-1�
https://doi.org/10.1093/ofid/ofu040�
https://doi.org/10.1097/NT.0000000000000092�
https://doi.org/10.1089/aid.2015.0147�
https://doi.org/10.1089/aid.2015.0147�
https://doi.org/10.1161/CIRCULATIONAHA.106.171016�
https://doi.org/10.1056/NEJMoa1000367�
https://doi.org/10.1056/NEJMoa1000367�
https://doi.org/10.1089/jwh.2017.6717�
https://doi.org/10.1097/MD.0000000000005399�
https://doi.org/10.1097/MD.0000000000005399�
https://doi.org/10.1056/NEJMoa1902824�
https://doi.org/10.1056/NEJMoa1902824�
https://doi.org/10.1016/j.ehb.2009.07.002�
https://doi.org/10.1016/j.ehb.2009.07.002�
https://doi.org/10.1016/j.trstmh.2005.07.021�

Page 10 of 12 . Original Research

TABLE 1-Al (Continues...): Estimates of fixed effects model 1, 2 and 3.
Parameters Regression coefficient 95% ClI P*

Appendix 1

Education categorised
TABLE 1-Al: Estimates of fixed effects model 1, 2 and 3.

Model 1
Parameters Regression coefficient 95% ClI p* Primary 0.7 07-22 0.330
Intercept Secondary & matric 1.4 -0.1-2.9 0.059
Model 1 17.9 15.8-201  <0.001 College & university 2.0 0.3-3.8 0.024
Model 2 18.0 15.9-201 <0.001 - REF - .
Model 3 17.8 15.6-19.9 <0.001 Model 2
Model 1 Primary 0.7 0.8-2.2 0.367
Time (cat) at baseline visit REF = = Secondary & matric 1.3 -0.1-2.8 0.075
Time (cat) at 12 months 0.2 0.0-04 0.078 College & university 20 0.2-3.8 0.025
Time (cat) at 24 months 0.9 06-1.1 <0.001 Neme REF - -
Time (cat) at 36 months 1.0 0.8-1.3 <0.001 Model 3
Time (cat) at 48 months 1.2 09-1.6 <0.001 Primary 0.7 -0.8-2.2 0.359
Model 2 Secondary & matric 13 -0.2-2.8 0.081
Time (cat) at baseline visit REF = = College & university 1.9 02-3.7 0.031
Time (cat) at 12 months 0.2 0.0-0.4 0.102 None REF - -
Time (cat) at 24 months 0.9 06-1.1 <0.001 Currently smoking
Time (cat) at 36 months 1.0 0.8-1.3 <0.001 Model 1
Time (cat) at 48 months 1.2 0.8-1.6 <0.001 Yes 21 -28--14  <0.001
Model 3 No REF - -
Time (cat) at baseline visit REF = - Model 2
Time (cat) at 12 months 0.2 0.0-0.4 0.132 Yes 21 2.8--1.4 <0.001
Time (cat) at 24 months 0.8 0.6-1.1 <0.001 No REF - -
Time (cat) at 36 months 1.0 0.8-1.3 <0.001 Model 3
Time (cat) at 48 months 1.2 0.8-1.6 <0.001 Yes 21 28--14 <0.001
Model 1 No REF - -
PLWH on ART -1.8 -23--12  <0.001 IPAQ categorised
PLWH not on ART -1.2 -1.8--0.6 <0.001 Model 1
HIV-negative REF - - High -0.6 -1.4-0.1 0.116
Model 2 Moderate -0.7 -1.4-0.1 0.035
PLWH, VL <1000 -1.4 -1.9--0.8 <0.001 e REF - -
PLWH, VL> 1000 -1.2 -1.8--0.6 <0.001 Model 2
HIV-negative REF - - High -0.6 -1.3-0.2 0.130
Model 3 Moderate -0.7 -1.4-0.1 0.037
PLWH on stable ART 1.7 26--08  <0.001 Low REF B} B,
zt\?{]l;lgrt)l;er;/:ilz;l'azgg—adherence -1.1 -2.2-0.0 0.056 Model 3
PLWH, treatment naive 19 31--07  0.002 High 05 13-02 0179
S 15 04-34 0126 Moderate -0.7 -1.3-0.0 0.049
HIV-negative REF o tow REF ’ ’
Gender Relationship status
Model 1 Model 1
Female 10 33-46 <0.001 Yes 0.5 -0.1-1.1 0.096
Male REF - - No REF ’ ’
Model 2 Model 2
Femle 2o 3346 <0001 Yes 0.5 0.1-1.0 0.101
Male REF - - No REF ’ ’
. Model 3
Female 20 33-46 <0.001 Yes 0.4 -0.1-1.0 0.138
Male REF - - No REF : :
Income per month categorised B
Model 1 Model 1
> 922 ZAR 0.4 03-10 0242 Good L9 06-32 0004
648-992 ZAR 0.4 07-14 0499 IneimmeE EiE 0.1 -05-07 0704
<648 7AR REF - Poor REF _ -
Model 2 Model 2
>922 ZAR 03 03-10 0292 Coed 20 07-34 0003
648-992 ZAR 03 07-14 0512 LLeletite 01 05-07 0775
<648 7AR REF - - Poor REF ’ ’
Model 3 Model 3
>922.00 ZAR 04 02-11 0183 Good 21 08-35  0.002
648.00-992.00 ZAR 0.4 07-14 049 Intermediate 02 0407 0608
< 648.00 ZAR REF = - Poor REF - -

TABLE 1-A1 continues = TABLE 1-A1 continues on the next page -
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TABLE 1-A1 (Continues...): Estimates of fixed effects model 1, 2 and 3.
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TABLE 1-A1 (Continues...): Estimates of fixed effects model 1, 2 and 3.

Parameters Regression coefficient 95% ClI P* Parameters Regression coefficient 95% ClI P*
Age Model 2
Model 1 0.1 0.08-0.14 <0.001 PLWH, VL > 1000*Time (cat) at 12 -0.4 -0.9-0.1 0.090
Model 2 01 0.082-0.136 <0.001 oyt
*Ti - - —
Model 3 0.1 0.08—0.14 <0.001 PLWH, VL > 1000*Time (cat) at 24 0.4 1.0-0.2 0.167
months
Time on ART at baseline PLWH, VL > 1000*Time (cat) at 36 03 1.0-03 0308
Model 1 -0.01 -0.02--0.002 0.010 months
Model 2 -0.01 -0.02--0.006 0.001 PLWH, VL > 1000*Time (cat) at 48 0.3 -0.7-1.3 0.605
th
Model 3 -0.01 -0.02--0.001  0.024 e
PLWH, VL > 1000*Time (cat) at REF - -
Model 1 baseline visit
PLWH on ART*Time (cat) at 12 03 0.1-06 0.010 Model 3
months
- PLWH either ART non-adherence 0.7 -1.2--0.3 0.001
PLWH on ART*Time (cat) at 24 0.2 -01-04 0297 br therapyiresistance =Time!(cat}
months at 12 months
PLWH on ART*Time (cat) at 36 0.1 0.4-02 0.608 PLWH either ART non-adherence -0.5 -1.0-0.0 0.069
months or therapy resistance *Time (cat)
PLWH on ART*Time (cat) at 48 0.0 -0.5-0.4 0.908 at 24 months
months PLWH either ART non-adherence -1.0 -1.5--0.4 0.001
PLWH on ART* Time (cat) at REF - - or therapy resistance *Time (cat)
baseline visit at 36 months
Model 2 PLWH either ART non-adherence -0.5 -1.3-0.3 0.229
. or therapy resistance *Time (cat)
PLWHH VL < 1000*Time (cat) at 12 0.3 0.1-06 0.012 G A% i
months
PLWH either ART non-adherence REF - -
PLWH, VL < 1000*Time (cat) at 24 0.2 -0.1-0.4 0.303 or therapy resistance *Time (cat)
months at baseline visit
PLWH, VL < 1000*Time (cat) at 36 -0.1 -0.5-0.2 0.382 Model 1, Model 2, Model 3
months
. HIV-negative*Time (cat) at any REF - -
PLWH, VL < 1000*Time (cat) at 48 -0.3 -0.7-0.2 0.266 month
months
Model 1
PLWH, VL < 1000* Time (cat) at REF - - .
baseline visit Female sex*Time (cat) at 12 months -0.4 -0.6--0.1 0.003
Model 3 Male sex*Time (cat) at 12 months REF - -
PLWH on stable ART *Time (cat) at 0.4 0.2-0.7 0.001 Model 2
12 months Female sex*Time (cat) at 12 months -0.3 -0.6--0.1 0.006
PLWH on stable ART*Time (cat) at 0.3 0.0-0.6 0.066 Male sex*Time (cat) at 12 months REF _ _
24 months
. Model 3
PLWH on stable ART*Time (cat) at 0.0 -0.3-0.4 0.798
36 months Female sex*Time (cat) at 12 months -0.3 -0.6--0.1 0.006
PLWH on stable ART*Time (cat) at -0.1 -0.6-0.5 0.787 Male sex*Time (cat) at 12 months REF - -
48 months Model 1
PLWH on gtgble ART* Time (cat) at REF - - Female sex*Time (cat) at 24 months 0.1 -0.2-0.4 0.408
baseline visit
*Ti - -
PLWH, initiating treatment*Time 05 01-1.0  0.030 Vit sl (i) &kt 244 et W7
(cat) at 12 months Model 2
PLWH, initiating treatment*Time -0.1 -0.6-0.5 0.788 Female sex*Time (cat) at 24 months 0.1 -0.1-0.4 0.350
(cat) at 24 months Male sex*Time (cat) at 24 months REF - -
PLWH, initiating treatment*Time -0.3 -0.9-0.3 0.334 Model 3
(cat) at 36 months oce
*Ti - —
PLWH, initiating treatment*Time 07 1.6-0.1 0.097 Female sex*Time (cat) at 24 months 0.1 0.1-0.4 0.345
(cat) at 48 months Male sex*Time (cat) at 24 months REF = =
PLWH, initiating treatment*Time REF - - Model 1
t) at baseli isit
(cat) at baseline visi Female sex*Time (cat) at 36 0.5(-0.2-0.8) - 0.001
Seroconverters *Time (cat) at 12 0.1 -0.7-0.9 0.836 months
months .
Male sex*Time (cat) at 36 months REF - -
Seroconverters *Time (cat) at 24 -0.2 -1.0-0.7 0.726
months Model 2
Seroconverters *Time (cat) at 36 .06 1.6-04 0.261 Female sex*Time (cat) at 36 months 0.5(0.2-0.8) - 0.001
months Male sex*Time (cat) at 36 months REF - -
Seroconverters *Time (cat) at 48 -0.9 -2.2-0.4 0.163 Model 3
months )
X Female sex*Time (cat) at 36 months 0.5(0.2-0.8) - 0.001
Seroconverters *Time (cat) at REF -
baseline visit Male sex*Time (cat) at 36 months REF - -
Model 1 Model 1
PLWH not ART*Time (cat) at 12 0.3 -0.3-0.8 0.361 Female sex*Time (cat) at 48 months 0.5 (0.0-0.9) - 0.042
months Male sex*Time (cat) at 48 months REF = -
PLWH not ART*Time (cat) at 24 0.2 -0.5-0.9 0.580 Model 2
months | . N
F Ti 4 5 .1- 0. - .02
PLWH not ART*Time (cat) at 36 06 03-15 022 Sl SEESMEIEER IS O (o0 o022
months Male sex*Time (cat) at 48 months REF - -
PLWH not ART*Time (cat) at 48 0.2 -14-1.8 0.799 Model 3
months Female sex*Time (cat) at 48 months 0.5(0.0-0.9) - 0.037
T - -
PLWH not ART*Time (cat) at REF Male sex*Time (cat) at 48 months REF - -

baseline visit

TABLE 1-Al continues >
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TABLE 1-A1 (Continues...): Estimates of fixed effects model 1, 2 and 3.

Parameters Regression coefficient 95% ClI P*
Model 1, Model 2, Model 3

Female sex*Time (cat) at baseline REF - -
visit

Male sex*Time (cat) at baseline REF - -
visit

Cl, confidence interval; PLWH, people living with HIV; REF, reference; Cat, categorical; ART,
antiretroviral therapy; ZAR, South African Rand; IPAQ, International Physical Activity
Questionnaire.

*, Statistical significance was considered < 0.05.

=@— PLWH, VL <1000 cp/m| «==@= PLWH, VL > 1000 cp/ml| @@= HIV negative
26.5
€ 260 ° .
S~
& 2551 o .
E 25.0 . .
£ 245 $ieeeeeee i
a
E 24.0
3 23.5
o 23.0 4
]
25 Baseline 12 24 36 48
months months months months
PLWH
! 233 23.6 244 24.5 24.5
VL <1000 cp/ml
PLWH
! 235 231 24.0 25.5 25.2
VL 21000 cp/ml
HIV negative 24.7 24.7 25.6 26.0 26.1

PLWH, people living with HIV; VL, viral load; cp/mL, copies per millilitre.

FIGURE 1-Al: Body mass index over time by viral load suppression as proxy for
antiretroviral therapy (model 2).

«=@== PLWH on stable Art ==@== PLWH initiating Art
PLWH either ART non-adherenvce or therapy resistance
Sero converters ®- HIV negative
27.5 4
27.0 §
g 26.5
B . ¢
2 2654
‘; o
% 25.5
£ 2504
@ ° °
é 24.5 1 eeooaeiss®
% 24.0 teen.,
o 235 eee
-]
23.0 4
22,5
Baseline 12 24 36 48
months | months | months | months
PLWH on stable ART 23.1 235 243 24.4 24.4
PLWH initiating ART 22.9 23.4 23.7 23.9 23.6
PLWH either ART
non-adherence 23.7 23.0 24.2 24.1 24.7
or therapy resistance
Seroconverters 26.3 26.4 27.0 27.0 26.8
HIV negative 24.8 24.8 25.7 26.1 26.2

PLWH, people living with HIV; ART, antiretroviral therapy.
FIGURE 2-A1: Body mass index over time stratified by fixed groups (model 3).

http://www.sajhivmed.org.za . Open Access


http://www.sajhivmed.org.za�

	Trends in body mass index in the pre-dolutegravir period in South Africa
	Introduction
	Methods
	Measurements and definitions
	Statistical analysis
	Ethical considerations

	Results
	Discussion
	Strengths and limitations

	Conclusion
	Acknowledgements
	Competing interests
	Authors’ contributions
	Funding information
	Data availability
	Disclaimer

	References
	Appendix 1
	FIGURE 1-A1: Body mass index over time by viral load suppression as proxy for antiretroviral therapy (model 2).
	FIGURE 2-A1: Body mass index over time stratified by fixed groups (model 3).
	TABLE 1-A1: Estimates of fixed effects model 1, 2 and 3.

	Figures
	FIGURE 1: Body mass index over time in the Ndlovu Cohort Study.
	FIGURE 2: Relative percentages of body mass index categorised at baseline and after 48 months of study follow up in Ndlovu Cohort Study. (a) Baseline (N = 1518); (b) 12 months (N = 1372); (c) 24 months (N = 1178); (d) 36 months (N = 1128) and (e) 48 months (N = 566).
	FIGURE 3: Body mass index over time by self-reported antiretroviral therapy (model 1).

	Tables
	TABLE 1: Distribution of population characteristics at baseline.
	TABLE 2: Distribution of population characteristics at 36 months follow up.



