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Abstract
Purpose Overweight and obesity have increased in people living with HIV (PLH). Our study evaluated weight, body-mass-
index (BMI), and waist-to-hip ratio (WHR) change over 5 years of follow-up in PLH compared to the general population.
Methods HIV-positive participants in the HIV Heart Aging (HIVH) study were matched 1:2 by age and sex with HIV-neg-
ative controls of the population-based Heinz Nixdorf Recall (HNR) study. Both studies were recruited in the German Ruhr 
area. The association between HIV and weight, BMI, and WHR changes was examined using linear regression. Regression 
models were adjusted for parameters potentially affecting weight gain.
Results The matched HIVH and HNR participants (N = 585 and N = 1170, respectively; 14.7% females) had a mean age of 
55 years at baseline. Despite the lower baseline weight (− 6 kg, 95% CI − 7.46 to − 4.59), the linear regression showed greater 
absolute and relative weight and BMI increases after 5 years in HIVH compared to HNR. Adjusting the linear regression 
models for smoking amplified that HIVH had a higher absolute and relative weight difference of 0.7 kg or ~ 1% compared 
to HNR after 5 years (95% Cl 0.1 to 1.3 and 0.2 to 1.6, respectively). Adjusting for HDL, LDL, systolic blood pressure, and 
diabetes mellitus did not affect the results.
Conclusions PLH had lower weight than the general population at baseline and after 5 years, but experienced greater 
increases in body weight after 5 years. WHR change after 5 years was lower in PLH compared to the general population, 
despite a higher WHR at baseline.
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Introduction

The prevalence of obesity and obesity-related comorbidi-
ties have been increasing worldwide over the last several 
decades [1, 2], including in people living with HIV (PLH) 

[3, 4]. However, in some cohort studies, PLH still have 
lower rates of obesity than age-matched HIV-negative 
controls [5]. Weight gain in PLH and the general popu-
lation is multifactorial and associated with demographic 
factors, diet, exercise habits, psychological health, other 
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comorbidities, and co-medications. Additionally, in PLH 
HIV disease parameters and the composition of antiretro-
viral therapies influence weight gain [6–10]. HIV-associ-
ated wasting declined with the introduction of antiretro-
viral therapy (ART). Weight gain after initiation of ART 
has been associated with a reduced risk of mortality in 
individuals with underweight and individuals with normal 
weight [11]. While this increase in body weight with the 
initiation of ART is seen as a “return to health”, especially 
in patients with advanced disease [12], excessive weight 
and body-mass-index (BMI) increase in some individuals 
receiving contemporary ART may lead to obesity. So far, 
it has not been fully elucidated whether weight gain in 
aging PLH over time is substantially different from weight 
gain observed in the general population. Overweight and 
obesity are associated with several health issues, such as 
diabetes mellitus type II and cardiovascular disease [13].

Apart from body weight, BMI is generally used for 
evaluating overweight or obesity in the clinical setting, 
calculated from body weight and height. There are four 
categories of BMI that were established by the WHO in 
1993: underweight, normal, overweight, and obese [14]. 
BMI increase can be associated with insulin resistance 
(IR), hyperglycemia, and new-onset diabetes mellitus type 
II, [15–17]. Initiating ART with or switching to second 
generation integrase strand transfer inhibitors (INSTIs) 
and/or tenofovir alafenamide (TAF) has shown to be asso-
ciated with more pronounced weight and BMI increases 
[8–10, 18–20]. Baseline ART was a predictor of post-
switch weight gain. Using tenofovir disoproxil (TDF) was 
associated with reduced weight gain [21].

Nevertheless, BMI or body weight alone as an indicator 
of obesity does not differentiate between body lean mass and 
body fat mass since fat mass is not measured directly [22, 
23]. Studies have shown that waist circumference correlates 
better with body fat than BMI, and thus, waist circumference 
alone or in combination with BMI has a stronger relation to 
specific health outcomes than BMI alone [24]. Other stud-
ies have shown associations between waist-to-hip ratio and 
cardiovascular events, metabolic risk factors, and death and 
suggested that it is superior to waist circumference alone, 
because it includes the hip circumference, too [25–28].

Due to the various limitations of current analyses, more 
data and efforts are necessary to decipher the driving factors 
behind weight gain in PLH. It is important to define whether 
the general risk factors for weight gain and increased BMI 
have a similar impact on PLH compared to the general popu-
lation. Most importantly, longitudinal data from clinical rou-
tines over more than one or two years are needed to describe 
the effects of weight changes.

The aim of our study was to compare changes in weight, 
BMI, and waist-to-hip-ratio (WHR) over a 5-year-follow-up 
period between PLH from the HIV Heart Aging (HIVH) 

cohort [29] and HIV-negative participants from the Heinz-
Nixdorf-Recall (HNR) study [30], a cohort study from the 
same geographical area in Germany (Ruhr area) as the HIV 
Heart Aging study.

Methods

Study population

The HIVH study is an ongoing prospective, observational, 
multicenter cohort study in the German Ruhr Area which 
started in 2004. The study population has been recruited to 
assess the incidence and clinical course of cardiovascular 
diseases (CVD) in PLH. Up to now, 1807 individuals (1533 
male, 274 female), ranging from 18 to 79 years of life at 
baseline, have been recruited within this cohort. The HIVH 
study has been previously described in detail [29]. In brief, 
HIV-positive outpatients from specialized HIV-care units 
within the German Ruhr area who were at least 18 years of 
age and had stable disease status throughout the last four 
weeks were included in the cohort. Follow-up examina-
tions were performed every 2.5 years. The cohort has been 
registered at Clinical Trails (NCT04330287) and has been 
approved by the local ethics committee of the University 
Duisburg-Essen (14-5874-BO) [31]. All participants gave 
written informed consent. The standardized examinations 
contained a medical examination, including the assessment 
of body composition like weight (in underclothes), stand-
ing height, and WHR. Also lipodystrophy, lipoatrophy and 
lipohypertrophy were assessed by reporting the subjective 
impression of the physician and/or the study participant. 
Moreover, the medical history of the HIVH participants was 
assessed. Blood was drawn for comprehensive laboratory 
tests, where levels of total cholesterol (TC), high-density 
lipoprotein (HDL) cholesterol, low-density lipoprotein 
(LDL) cholesterol, viral load, and CD4 count were quanti-
fied. Plasma and serum samples were stored at – 80 °C. Fur-
ther details regarding the recruitment and baseline examina-
tion of the HIVH study have been published previously [29].

The HNR study is a single-center study that included 
4814 participants between 45 and 75 years of age in the 
Ruhr area, Germany, between 2000 and 2003. It has been 
designed to investigate the predictive value of novel risk 
markers for CVD. Participants were selected randomly from 
residence registers of the Ruhr area. A detailed description 
of the HNR study design, recruitment, and risk factor assess-
ment has been described elsewhere [30]. All participants 
have given written consent and the study was approved by 
the local ethics committee. On an annual basis, question-
naires regarding the current stage of health were sent out 
to all participants and in parallel death certificates were 
screened regularly. At baseline, all participants included in 
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the HNR study underwent a physical examination includ-
ing weight, height, WHR, blood pressure assessment, their 
medical history assessed, and blood samples were drawn by 
comprehensive laboratory tests. Plasma and serum samples 
were stored at – 80 °C. Blood lipids (TC, HDL, and LDL) 
were quantified. Body height was measured in a standard-
ized way. BMI was calculated based on standardized weight 
(in underclothes) and body height measures.

Exclusion criteria

To harmonize the age range between the studies, HIVH par-
ticipants were selected by their most recent visit (further 
called “baseline”) and corresponding 5-year follow-up with 
available weight and BMI measurements (baseline range: 
2006–2016). By using this kind of backward selection, the 
average age of the HIVH participants was higher than when 
starting from the original baseline. Moreover, the backward 
selection allows a better reflection of current medical care 
and contemporary antiretroviral treatment. The control group 
with HIV-negative persons from the HNR study included 
participants starting from an age of 45 years, participants 
younger than 45 years from the HIVH study were excluded 
in a second step. In HNR the original baseline at enrolment 
in 2000–2003 was used in order to prevent an even older 
population, and thus prevent more participants from being 
excluded before matching HIVH and HNR. In HIVH preg-
nant women were excluded at the enrolment of the study, 
while in HNR there were no pregnancies due to the high age 
of the female participants. Afterward, the remaining partici-
pants from the HIVH and HNR studies were matched 1:2 
by age and sex. In total, there were up to 585 PLH from the 
HIVH study and 1170 HIV-negative participants from the 
HNR study included in the analysis. The average follow-up 
time was 5.13 years in HNR and 5.22 years in HIVH. The 
flowchart of the population is displayed in Online Resource 
1.

Statistical analysis

We summarized the general characteristics (age, sex), 
anthropomorphic parameters (weight, BMI, WHR), poten-
tial weight gain affecting parameters (smoking state), and 
parameters affected by weight gain (blood pressure, diabe-
tes mellitus type II, total cholesterol, LDL, HDL), and the 
HIV-specific parameters (ethnicity, mode of HIV transmis-
sion, immunological and clinical HIV categories, CD4/
CD8 ratio, viral load, duration of HIV infection, and ART 
medication) descriptively. Then, the absolute and relative 
differences in weight, BMI, waist circumference, hip cir-
cumference, and WHR after 5 years were calculated and 
standardized for 5 years using the exact days between the 
date of follow-up and the date of the baseline. Absolute 

and relative differences were presented as histograms. San-
key bar charts were created, showing the shift in BMI and 
WHR groups during 5 years in the HIVH and HNR analy-
sis population. Therefore, BMI and WHR were catego-
rized into groups according to recommended WHO cutoffs 
[32, 33]. For the BMI categorization, underweight was 
specified as a BMI < 18.5 units. Normal and overweight 
BMI was defined between 18.5 and < 25 and 25 to < 30 
BMI units, respectively. BMI ≥ 30 units was categorized 
as having obesity. According to the WHO categorization, 
females with a WHR of ≥ 0.85 cm and males with a WHR 
of ≥ 0.9 cm have substantially increased risk of metabolic 
complications.

In the additional information given by the Online 
Resources, the analyzed participants were stratified by rela-
tive weight change cutoffs (weight change ≤ − 10%, weight 
change from > − 10 to < 10%, weight change ≥ 10%) and the 
general characteristics and previously described parameters 
were summarized. The absolute differences in blood pres-
sure, diabetes mellitus type II, total cholesterol, LDL, HDL, 
weight, BMI, waist and hip circumference, and WHR within 
5 years were calculated and standardized using the same 
method as above. An increase or decrease in the calculated 
change was visualized by a positive or negative algebraic 
sign.

Linear regression models were calculated to assess the 
association of HIV (HIVH participants vs. HNR partici-
pants) with weight, BMI, and WHR at baseline. Further lin-
ear regression models investigated the associations between 
differences in weight, BMI, and WHR within 5 years and 
the presence of an HIV infection. Beta estimates, the cor-
responding 95% confidence limits (Cl), and p values were 
reported. Then, the linear regression models for weight, 
BMI, WHR differences within the time were adjusted for 
smoking, a potential confounder for weight gain. The same 
linear regression models were then repeated by adjusting 
for other parameters affected by weight and body compo-
sition, like systolic blood pressure, diabetes mellitus type 
II, LDL, and HDL in addition to smoking. The calculated 
beta estimates in the linear regression models represent the 
group differences between HIVH and HNR in the respective 
outcome.

All analyses were performed using SAS software, version 
9.4 (SAS Institute Inc., Cary, NC, USA.).

Results

Within the analysis population, the matched participants in 
the HIVH and HNR study were predominantly male (~ 85%), 
with a mean age of 55 years. Further baseline characteris-
tics of the HIVH and HNR study participants are shown in 
Table 1. Parameters such as blood lipids, weight, BMI, waist 
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circumference, and hip circumference were lower in HIVH 
at baseline than in HNR. The prevalence of diabetes mel-
litus type II was also lower in HIVH compared to the HNR 
cohort (9.3% vs. 13.5% at baseline, respectively). The per-
centage of smoking participants in HIVH was higher than in 
HNR (44.5 vs. 28.8% at baseline, respectively). The absolute 
and relative differences after 5 years of weight, BMI, and 
waist-to-hip ratio (WHR) are also shown in Table 1. While 
HIVH participants had lower weight and BMI than the HNR 
participants at baseline, relative weight and BMI gain after 
5 years was slightly higher in PLH (weight (kg):1.61 ± 6.7 
vs. 1.00 ± 5.13; BMI (kg/m2): 0.59 ± 2.20 vs. 0.46 ± 1.72). 
However, WHR was higher in HIVH than HNR at base-
line. The absolute WHR difference remained unchanged 
after 5 years in HIVH, but increased in HNR (0 ± 0.08 vs. 
0.02 ± 0.06 units, respectively). The relative WHR differ-
ence after 5 years shows a decrease in WHR in PLH, while 
WHR in the general population increases (− 0.04 ± 8.12 vs. 
2.08 ± 6.2%, respectively).

HIV-specific characteristics are shown in Table 2. Among 
the HIVH participants, the mean age at the diagnosis of the 
HIV infection was ~ 41 years, with men having sex with 
men (MSM) as the main HIV transmission risk category 
(61%). At baseline, more than one-third had at least one 
documented AIDS-defining event in their medical history. 
The vast majority of the participants (> 99%) received ART 
at baseline. During the observation period of five years, the 
use of antiretroviral drug classes was changing: There was 
an increase in the use of INSTIs (14.2–44.4%), while the use 
of NNRTIs (47.4–39.1%) and PIs decreased (47.4–29.0%). 
Among the NRTIs, at baseline only 1% of the PLH used 
tenofovir alafenamide (TAF) in their ART regimen. After 
5 years, this had increased to 40.1%. Also, the use of sin-
gle tablet regimens increased (16.5% to 40.6%). CD4/CD8 
ratio improved over the 5 years of observation among HIVH 
(0.8 ± 0.43–1.01 ± 1.98). The proportion of participants with 
HIV RNA below the level of detection (< 50 copies/ml) was 
93.3% at baseline and did not change within the five years 
of follow-up (93.9%). Lipodystrophy syndrome is divided 

Table 1  HIVH and HNR characteristics (matched by age and sex) for baseline and 5-year follow-up

Baseline 5-Year follow-up

HIVH HNR HIVH HNR

N n (%)/Mean ± SD N n (%)/Mean ± SD N n (%)/Mean ± SD N n (%)/Mean ± SD

Sex Female 585 86 (14.7%) 1170 172 (14.7%) 585 86 (14.7%) 1170 172 (14.7%)
Age [years] 585 54.9 ± 6.8 1170 54.9 ± 6.8 585 60.1 ± 6.8 1170 60.0 ± 6.8
Blood pressure Systolic [mmHg] 516 139.3 ± 19.1 1168 133.6 ± 19.1 474 137.4 ± 18.3 1168 134.7 ± 19.2

Diastolic [mmHg] 516 84.0 ± 11.6 1168 83.6 ± 10.8 474 81.9 ± 10.9 1168 81.1 ± 10.8
Diabetes mellitus 

type II
Yes 559 52 (9.3%) 1170 158 (13.5%) 82 82 (14.0%) 1170 228 (19.5%)

Total cholesterol [mg/dl] 578 212.5 ± 42.5 1166 225.0 ± 37.6 556 215.8 ± 46.5 1167 220.6 ± 40.9
LDL [mg/dl] 522 130.1 ± 38.2 1162 143.8 ± 35.3 526 136.2 ± 41.7 1167 130.9 ± 34.3
HDL [mg/dl] 543 50.0 ± 15.8 1165 52.8 ± 15.2 522 50.9 ± 15.9 1167 54.6 ± 14.4
weight [kg] 585 77.8 ± 14.5 1170 84.1 ± 14.4 585 79.7 ± 15.7 1170 85.1 ± 14.8
BMI [kg/m2] 585 25.1 ± 4.2 1170 27.7 ± 4.0 585 25.8 ± 4.8 1170 28.2 ± 4.2
Waist-to-hip ratio 472 0.98 ± 0.07 1169 0.95 ± 0.08 468 0.98 ± 0.07 1170 0.97 ± 0.08
Smoking Yes 490 213 (43.5%) 1170 337 (28.8%) 520 206 (39.6%) 1168 286 (24.5%)
Std. abs. weight differ-

ence/5 years
[kg] 585 1.61 ± 6.37 1170 1 ± 5.13

Std. rel. weight differ-
ence/5 years

[%] 585 2.18 ± 8.04 1170 1.33 ± 5.98

Std. abs. BMI differ-
ence/5 years

[kg/m2] 585 0.59 ± 2.20 1170 0.46 ± 1.72

Std. rel. BMI differ-
ence/5 years

[%] 585 2.4 ± 8.33 1170 1.79 ± 6.05

Std. abs. waist-to-
hip ratio differ-
ence/5 years

418 0 ± 0.08 1169 0.02 ± 0.06

Std. rel. waist-to-
hip ratio differ-
ence/5 years

[%] 418 − 0.04 ± 8.12 1169 2.08 ± 6.2
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into lipodystrophy, lipoatrophy and lipohypertrophy and 
were acquired in HIVH. At baseline 22.8% of the PLH from 
HIVH had lipodystrophy, and 22% had lipoatrophy. Further-
more, 10.3% of the HIVH participants had lipohypertrophy. 
During the observation time of 5 years, the percentages of 
lipoatrophy and lipohypertrophy reduced to 20.7% and 8.4%, 
respectively. Lipodystrophy increased by less than 1%.

Histograms for the absolute and relative weight, BMI, 
and WHR differences after 5 years in the two study popula-
tions are shown in Online Resource 2. The histograms for 
weight and BMI (Online Resource 2 a + b and c + d, respec-
tively) showed a wider differences distribution after 5 years 
in HIVH than in HNR. For WHR the histograms reflected a 

reduction in WHR in HIVH in comparison to HNR (Online 
Resource 2 e + f).

Sankey bar diagrams in Fig. 1 visualize the shift between 
BMI categories during 5 years in the two study populations. 
HIVH and HNR differed regarding their percentage BMI 
categories distributions at baseline. While the HIVH study 
had more participants with a normal BMI (51%) and 2% 
participants in the underweight category, the HNR study had 
only 23% participants with normal BMI and no underweight 
participants. More than 50% of the HNR participants had 
overweight, and almost one-quarter had obesity at baseline. 
36% of the HIVH participants were in the overweight BMI 
category, and 11% had obesity. After 5 years, the changes 

Table 2  HIV-specific characteristics in the matched analysis population of HIVH at baseline and after 5 years

HIVH baseline HIVH after 5 years

N n (%)/Mean ± SD N n (%)/MEAN ± SD

Age at HIV-infection [years] 573 40.7 ± 9.3 573 40.7 ± 9.3
Ethnicity Caucasian 585 539 (92.1%) 585 539 (92.1%)

African 585 9 (1.5%) 585 9 (1.5%)
Asian 585 5 (0.9%) 585 5 (0.9%)
Other 585 32 (5.5%) 585 32 (5.5%)

Way of HIV Transmission MSM 557 353 (63.4%) 557 353 (63.4%)
Hetero 557 126 (22.6%) 557 126 (22.6%)
Intravenous drug use 557 36 (6.5%) 557 36 (6.5%)
Transfusion 557 10 (1.8%) 557 10 (1.8%)
Epidemic area 557 31 (5.6%) 557 31 (5.6%)
Other 557 1 (0.2%) 557 1 (0.2%)

HIV category (immunological) HIV I 557 25 (4.5%) 584 17 (2.9%)
HIV II 557 236 (42.4%) 584 242 (41.4%)
HIV III 557 296 (53.1%) 584 325 (55.7%)

HIV category (clinical) HIV A 557 176 (31.6%) 584 164 (28.1%)
HIV B 557 184 (33.0%) 584 198 (33.9%)
HIV C/AIDS 557 197 (35.4%) 584 222 (38.0%)

CD4/CD8 ratio 579 0.8 ± 0.43 580 1.01 ± 1.98
Viral load [copies/ml] 585 902.4 ± 11,451.0 584 435.4 ± 6961.7
Viral load < 50 copies/ml Yes 585 546 (93.3%) 585 549 (93.9%)
Under ART medication Yes 570 569 (99.8%) 576 576 (100%)
Duration of HIV infection [years] 573 14.1 ± 6.7 573 19.4 ± 6.7
ART medication categories NRTIs 570 538 (94.4%) 576 525 (91.1%)

NRTIs: TAF 570 5 (0.9%) 576 231 (40.1%)
NNRTIs 570 270 (47.4%) 576 225 (39.1%)
INSTIs 570 81 (14.2%) 576 256 (44.4%)
PIs 570 270 (47.4%) 576 167 (29.0%)
Boost 570 192 (33.7%) 576 174 (30.2%)
Entry inhibitor 570 16 (2.8%) 576 18 (3.1%)
Combination medication 570 405 (71.1%) 576 272 (47.2%)
Single tablet regime 570 94 (16.5%) 576 234 (40.6%)

Lipodystrophy Yes 549 125 (22.8%) 584 137 (23.5%)
Lipoatrophy Yes 551 121 (22.0%) 585 121 (20.7%)
Lipohypertrophy Yes 551 57 (10.3%) 584 49 (8.4%)
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within the BMI categories were small in both HIVH and 
HNR, and we observed similar trends regarding the group 
shifts. The normal BMI category decreased after 5 years 
(HIVH: from 51 to 46% vs. HNR from 23 to 21%), while the 
group with obesity increased during the observation period 
(HIVH 15% vs. HNR 28%). BMI changes of more than one 
category rarely occurred (< 1%). Despite higher weight 
gains over time, the proportion of overweight and obesity 
in the HIVH cohort was still lower compared to the HNR 
participants. Excessive weight gain or loss of 10% or more 
occurred in ~ 20% of the participants in HIVH and ~ 10% 
of participants in HNR (Online Resource 3). 13.5% of the 
HIVH vs 6.2% of the HNR participants had ≥ 10% weight 
gain after 5 years, while 5.8% in the HIVH vs 2.8% in the 
HNR cohort lost ≥ 10% of their weight.

The Sankey diagrams in Fig. 2 show the shift in WHR 
categories over 5 years between HIVH and HNR using the 
categorization of the World Health Organization (WHO) 
Expert Consultation on Waist Circumference and Waist–Hip 

Ratio. They revealed that in both study groups the major-
ity of the participants have an “increased risk of metabolic 
complications” at baseline according to their WHR (> 80%), 
which increased further after 5 years. The percentage of the 
HNR study participants with “normal risk of metabolic com-
plications” according to their WHR changed from 17 to 12% 
over 5 years. “Normal risk for metabolic complications” in 
HIVH changed from 8 to 6%, therefore, a percentage twice 
as high as in HNR had an “increased risk of metabolic 
complications”, despite the lower baseline and post-5 years 
weight in HIVH.

The results of the linear regression models for assess-
ing associations of HIV status with weight, BMI, and WHR 
at baseline and their changes after 5 years as outcome are 
shown in Table 3. A group difference in weight between 
HIVH and HNR at baseline of ~ 6 kg reflects the lower body 
weight in HIVH participants at baseline (95% Cl − 7.5 to 
− 4.6). The absolute change in weight after 5 years of fol-
low-up was 0.61 kg (95% Cl 0.1 to 1.2), and the relative 

Fig. 1  Shift in body-mass-index 
categories during 5 years—a 
HNR (n = 585) vs. b HIVH 
(n = 1170) matched for age and 
sex at baseline

Fig. 2  Shift in waist-hip-ratio 
categories during 5 years—a 
HNR (n = 585) vs. b HIVH 
(n = 1170) matched for age and 
sex at baseline
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change was 0.85% (95% Cl 0.2 to 1.5) higher in HIVH com-
pared to HNR. When adjusting for smoking the relative and 
absolute weight difference after five years was even more 
distinct (0.71 kg and 0.93%, respectively), demonstrating 
the influence of smoking on weight gain and the differences 
in smoking status between HIVH and HNR.

HIVH had a 2.6 kg/m2 lower baseline BMI compared to 
HNR (95% Cl − 3.0 to − 2.2). The absolute change in BMI 
after 5 years of follow-up was 0.13 kg/m2 (95% Cl − 0.1 to 
0.3) higher in HIVH compared to HNR, while the relative 
change was 0.6% kg/m2 (95% Cl − 0.1 to 1.3) higher in 
HIVH compared to HNR. After adjusting for smoking beta 
estimates were slightly higher.

We observed a difference in WHR between HIVH and 
HNR at baseline of ~ 0.03 units (95% Cl 0.02 to 0.03). The 
absolute and relative WHR change after 5 years of follow-
up was lower by 0.02 units and 2.1% in HIVH compared to 
HNR, respectively. Beta estimates differed only slightly after 
adjustment for smoking.

After adjusting all regression models for parameters 
potentially affecting body weight change (i.e., diabetes 
mellitus type II, LDL, HDL, and systolic blood pressure) 
in addition to smoking, beta estimates for assessing the 
strength of association between HIV status and differences 
in anthropometric measures over 5 years were not affected, 
demonstrating that the observed differences between HIVH 
and HNR were independent of the parameters adjusted for 
(Table 3). This was also reflected by the results displayed 
in Online Resource 4. Here, absolute differences of parame-
ters potentially affected by body weight change after 5 years 
were presented stratified by different categories of relative 
weight change. No strong differences in these parameters 
were observed between HIVH and HNR across weight 
change categories.

Discussion

This study compared body weight, BMI, and WHR in PLH 
and individuals from the general population to show the 
changes in these parameters after 5 years of follow-up. We 
observed lower baseline body weight and BMI in PLH com-
pared to the general population like in another trial with 
age-matched controls [5]. The absolute and relative differ-
ences after 5 years in weight and BMI were slightly higher 
in PLH as well. Smoking has been correlated with lower 
body weight in several studies [34]. After adjusting for 
the potential confounder “smoking”, the linear regression 
models revealed the underlying effect: HIV is associated 
with weight gain, with an increase of 0.7 kg weight (relative 
weight gain of ~ 1%) within 5 years in PLH compared to the 
general population. Other studies demonstrated similar find-
ings, although the amount of weight gain was variable [5, 

35–37]. This effect is also observed for BMI, although not as 
strongly as for weight (absolute/relative BMI gain in PLH by 
0.15 units/0.7%). According to prior studies, living with HIV 
has been associated with lower weight and body constitution 
at the time of diagnosis [5, 38, 39]. Due to improved ART 
medication and effective suppression of the virus, the weight 
gain is observed over time in ART-naive PLH and is consid-
ered part of the normal return to health following success-
ful antiretroviral treatment [3, 40]. The weight gain in the 
first year after ART initiation was associated with survival 
benefits among initially underweight and normal-weight 
patients [41]. Prior studies could not clearly show if weight 
gain in PLH over time was substantially different from the 
general population. Excessive weight change (≥ 10%) was 
twice as frequent in HIVH compared to the HNR cohort 
after 5 years. Thereby, excessive weight gain was twice as 
frequent compared to excessive weight loss in both cohorts. 
Both excessive weight gain and weight loss occurred twice 
as frequently in HIVH participants compared to HNR par-
ticipants during the observation period. Recently, a study by 
Garcia et al. showed that weight gain was primarily observed 
in PLH with BMI < 25 at diagnosis, suggesting that baseline 
weight, time since HIV diagnosis, and past weight history 
should be taken into account [5]. The comparison of PLH 
with the general population of the same age and the same 
geographic area shows that the general population in the 
German Ruhr area already has high rates of overweight and 
obesity, which are associated with health issues like diabetes 
mellitus type II and cardiovascular diseases [13]. Our results 
show that the proportion of overweight and obesity in PLH 
was still much lower than in the general population, sug-
gesting that the BMI shift among PLH reflected the “return-
to-health” respectively “coming-back-to-normal” effects of 
the ART. The observed BMI shifts after 5 years as a result 
of the weight gain in PLH shown in the Sankey bar charts 
might present the aligning of the BMI of PLH with the gen-
eral population, but does not inevitably mean a “return to 
health”. In the cohort of the US veterans, the same trends in 
veterans living with HIV compared to HIV-negative veter-
ans were observed during a 5-year follow-up period but the 
weight gain was described as transient [5].

The BMI allows the classification of patients as having 
overweight or having obesity and the comparability across 
different populations and areas. But the BMI is only of lim-
ited use for predicting cardio-metabolic risk because relevant 
factors such as muscle mass and fat distribution are not taken 
into account. Intra-abdominal visceral adiposity is associ-
ated with an elevated cardio-metabolic risk but does not 
always present with an increased BMI [42]. An Italian study 
has even demonstrated improved metabolic profiles in PLH 
in recent years compared with previous, despite increasing 
weight and BMI [43]. The WHR measures central adiposity 
more accurately and might be a more appropriate predictor 
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of cardio-metabolic risk [42]. WHR in HIVH was higher 
at baseline than in participants from HNR representing the 
general population. HIV infection, some protease inhibitors, 
and first-generation NRTIs were associated with lipodystro-
phy syndrome. Metabolic syndrome, insulin resistance, and 
liver steatosis were common in PLH and associated with 
abdominal obesity [40, 44], which might explain the less 
favorable WHR in HIVH vs. HNR participants. The absolute 
and relative WHR differences within 5 years were lower 
in HIVH. Thus, increases in WHR were less pronounced 
in HIVH participants, which may reflect the already high 
WHR in HIVH compared to HNR. Moreover, we observed 
a decrease in lipohypertrophy as part of the lipodystrophy 
syndrome, which also reflects the decrease in WHR change 
after 5 years in PLH. The gain of fat in PLH treated with 
modern ART regimens including INSTI is generalized in 
most patients and not defined as lipodystrophy [40]. Previ-
ous studies observed no weight gain in PLH with baseline 
CD4 > 200 cells/µL and viral load < 100,000 copies/mL [45]. 
In our analysis, the majority of the participants in HIVH 
(> 93%) had a viral load of < 50 copies/ml and therefore 
the association with viral load was not analyzed here. We 
could, however, observe that younger age was associated 
with more weight gain [5] when stratifying for weight gain 
differences > 10% (see Online Resource 5).

Strength and limitations

The main strength of this study is that both cohorts were 
recruited from the same geographical area in Germany. 
Despite the lack of ethnicity information from the partici-
pants of HNR, we can assume that the distribution of eth-
nicities might be similar.

Unfortunately, we were unable to use the full potential 
of the HIVH study, since HNR participants are older, so 
younger HIVH participants had to be excluded. With only 
15% of female participants in HIVH in our analysis, weight 
gain among females cannot be assessed. We also observed a 
large difference in smokers between HIVH and HNR, which 
suggests that there might be a larger set of covariates that 
are not assessed that are associated with weight and weight 
change. Socioeconomic position and lifestyle need to be ana-
lyzed in future studies. Another limitation might be that we 
only included living participants in our analysis population. 
Furthermore, since we compare PLH with the general popu-
lation, we did not account for the type of ART medication 
in the PLH group in this analysis. Furthermore, other co-
medications that affect weight gain or weight loss, such as 
lipid-lowering drugs and antidiabetics, were not accessed in 
a standardized way and therefore were not taken into account 
in the comparison of HNR and HIVH. Another limitation 
regarding the excluded participants with only one weight/
BMI measurement in our analysis might be that we do not 

know if morbidity and mortality in these participants is the 
reason for their lost-to-follow-up, which is potentially asso-
ciated with a higher risk profile in the excluded participants.

Conclusion

While PLH had lower weight and BMI than the general 
population, weight, and BMI gain after 5 years was slightly 
higher in PLH. This effect is more pronounced after adjust-
ing for smoking, which has a major impact on weight gain. 
This increasing weight difference after 5 years in PLH com-
pared to the general population could be the result of the 
“return-to-health”, respectively, “coming-back-to-normal” 
effects of the treatment with ART. Moreover, we observed 
that WHR differences after 5 years are lower in PLH due to 
a higher WHR at baseline compared to the general popula-
tion and thus increased risk of metabolic and cardiovascular 
complications according to WHO recommendations. Dur-
ing the 5 years of observation the lipodystrophy syndrome 
did not increase, but rather trends toward a decrease, which 
also affects WHR in PLH. Longitudinal data from clini-
cal cohorts over more than one or two years are needed to 
describe the effects of weight changes in PLH.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s15010- 023- 02009-8.

Acknowledgment The authors express their gratitude to all study par-
ticipants of HIV HEART Aging Study (HIVH) and the Heinz Nixdorf 
Recall (HNR) Study, the personnel of the HIVH and of the HNR study 
center, the investigative group and all former employees of the HIVH 
and the HNR study. The authors also thank the Advisory Board of 
the HNR Study: T. Meinertz, Hamburg, Germany (Chair); C. Bode, 
Freiburg, Germany; P.J. de Feyter, Rotterdam, Netherlands; B. Gün-
tert, Hall i.T., Austria; F. Gutzwiller, Bern, Switzerland; H. Heinen, 
Bonn, Germany; O. Hess, Bern, Switzerland; B. Klein, Essen, Ger-
many; H. Löwel, Neuherberg, Germany; M. Reiser, Munich, Germany; 
G. Schmidt, Essen, Germany; M. Schwaiger, Munich, Germany; C. 
Steinmüller, Bonn, Germany; T. Theorell, Stockholm, Sweden; and 
S.N Willich, Berlin, Germany.

Author contributions LM, BS, and SE wrote the main manuscript text 
and prepared all the figures and tables. The other authors contributed 
in data collection. All authors reviewed the manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL. The authors thank the ViiV Healthcare GmbH (Grant Number 
113189), Gilead Sciences GmbH (Grant Number CO-DE-985-5951), 
MSD Sharp & Dohme GmbH (Grant Number IIS # 60086 Esser), and 
Janssen-Cilag GmbH (Grant Number PCSIDV004565) for the inves-
tigator-sponsored grants to support the HIV HEART Aging Study. 
The authors thank the Heinz Nixdorf Foundation [Chairman: Martin 
Nixdorf; Past Chairman: Dr. jur. Gerhard Schmidt], for their gener-
ous support of this study. Parts of the study were also supported by 
the German Research Council (DFG) [DFG project: EI 969/2-3, ER 
155/6-1;6-2, HO 3314/2-1;2-2;2-3;4-3, INST 58219/32-1, JO 170/8-1, 
KN 885/3-1, PE 2309/2-1, SI 236/8-1;9-1;10-1,], the German Minis-
try of Education and Science [BMBF project: 01EG0401, 01GI0856, 
01GI0860, 01GS0820_WB2-C, 01ER1001D, 01GI0205], the Ministry 

https://doi.org/10.1007/s15010-023-02009-8


1090 L. Mavarani et al.

1 3

of Innovation, Science, Research and Technology, North Rhine-West-
phalia (MIWFT-NRW).

Data availability Due to data security reasons (i.e., data contain poten-
tially participant identifying information), the HIV Heart Aging Study 
does not allow sharing data as a public use file. However, others can 
access the data used upon request, which is the same way the authors of 
the present paper obtained the data. Data requests can be addressed to: 
Stefan.Esser@uk-essen.de. Due to data security reasons (i.e., data con-
tain potentially participant identifying information), the Heinz Nixdorf 
Recall Study does not allow sharing data as a public use file. However, 
others can access the data used upon request, which is the same way 
the authors of the present paper obtained the data. Data requests can 
be addressed to: recall@uk-essen.de.

Declarations 

Conflict of interest SE has received honoraria for lectures or adviso-
ry boards and his institution has received research grants from ViiV 
Healthcare, Gilead, MSD, GSK and Janssen. AP has received hono-
raria for lectures or advisory boards and his institution has received 
research grants from ViiV Healthcare, Gilead, GSK, Abbvie and Ab-
viris.

Ethical approval The HIVH study has been registered at Clinical Trails 
(NCT04330287) and has been approved by the local ethics commit-
tee of the University Duisburg-Essen (14-5874-BO). All participants 
gave written informed consent. The HNR study was approved by the 
ethics committee of the University of Duisburg-Essen and comprises 
extended quality management procedures including a certification 
according to DIN ISO 9001:2000. Written informed consent was 
obtained from all participants. The study was conducted according to 
the guidelines and recommendations for ensuring Good Epidemiologi-
cal Practice (https:// www. dgepi. de/ assets/ Leitl inien- und- Empfe hlung 
en/ Recom menda tions- for- good- Epide miolo gic- Pract ice. pdf).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Centers for disease control and prevention. Obesity and over-
weight. Available at: https:// www. cdc. gov/ nchs/ fasta ts/ obesi ty- 
overw eight. htm.

 2. Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, 
Paciorek CJ, et al. National, regional, and global trends in body-
mass index since 1980: Systematic analysis of health examination 
surveys and epidemiological studies with 960 country-years and 
9· 1 million participants. The Lancet. 2011;377:557–67.

 3. Koethe JR, Jenkins CA, Lau B, Shepherd BE, Justice AC, Tate 
JP, et al. Rising obesity prevalence and weight gain among adults 
starting antiretroviral therapy in the united states and canada. 
AIDS Res Hum Retroviruses. 2016;32:50–8.

 4. Bailin SS, Gabriel CL, Fan R, Ye F, Nair S, Terry JG, et al. Rela-
tionship of subcutaneous adipose tissue inflammation-related gene 
expression with ectopic lipid deposition in persons with hiv. J 
Acquir Immune Defic Syndr. 2022;90:175–83.

 5. Garcia JM, Dong Y, Richardson P, Kramer JR, Hartman CM, 
Royse K, 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;24:180–90.

 6. Lake JE. The fat of the matter: obesity and visceral adiposity in 
treated hiv infection. Curr HIV/AIDS Rep. 2017;14:211–9.

 7. Keithley JK, Swanson B. Hiv-associated wasting. J Assoc Nurses 
AIDS Care. 2013;24:S103–11.

 8. Bakal D, Coelho L, Luz PM, Clark JL, De Boni R, Cardoso SW, 
et al. Obesity following antiretroviral therapy (art) initiation is 
common and influenced by both traditional and hiv-/art-specific 
risk factors. Open Forum Infect Dis. 2017;4:S37–8.

 9. Norwood J, Turner M, Bofill C, Rebeiro P, Shepherd B, Bebawy 
S, et al. Brief report: Weight gain in persons with hiv switched 
from efavirenz-based to integrase strand transfer inhibitor-based 
regimens. J Acquir Immune Defic Syndr. 2017;76:527–31.

 10. Menard A, Meddeb L, Tissot-Dupont H, Ravaux I, Dhiver C, 
Mokhtari S, et al. Dolutegravir and weight gain: an unexpected 
bothering side effect? AIDS. 2017;31:1499–500.

 11. Bailin SS, Gabriel CL, Wanjalla CN, Koethe JR. Obesity 
and weight gain in persons with hiv. Curr HIV/AIDS Rep. 
2020;17:138–50.

 12. Shikuma C, Zackin R, Sattler F, Mildvan D, Nyangweso P, Alston 
B, et al. Changes in weight and lean body mass during highly 
active antiretroviral therapy. Clin Infect Dis. 2004;39:1223–30.

 13. Piché M-E, Tchernof A, Després J-P. Obesity phenotypes, diabe-
tes, and cardiovascular diseases. Circ Res. 2020;126:1477–500.

 14. Physical status: the use and interpretation of anthropometry. 
Report of a who expert committee. World Health Organ Tech 
Rep Ser. 1995;854:1–452.

 15. McComsey GA, Emond B, Shah A, Bookhart BK, Rossi C, Mil-
bers K, et al. Association between weight gain and the incidence 
of cardiometabolic conditions among people living with hiv-1 at 
high risk of weight gain initiated on antiretroviral therapy. Infect 
Dis Ther. 2022;11:1883–99.

 16. Bannister WP, Mast TC, de Wit S, Gerstoft J, Wiese L, Milinko-
vic A, et al. Changes in body mass index and clinical outcomes 
after initiation of contemporary antiretroviral regimens. AIDS. 
2022;36:2107–19.

 17. Milic J, Renzetti S, Ferrari D, Barbieri S, Menozzi M, Carli F, 
et al. Relationship between weight gain and insulin resistance 
in people living with hiv switching to integrase strand transfer 
inhibitors-based regimens. AIDS. 2022;36:1643–53.

 18. Gomez M, Seybold U, Roider J, Härter G, Bogner JR. A retrospec-
tive analysis of weight changes in hiv-positive patients switching 
from a tenofovir disoproxil fumarate (tdf)- to a tenofovir alafena-
mide fumarate (taf)-containing treatment regimen in one german 
university hospital in 2015–2017. Infection. 2019;47:95–102.

 19. Venter WDF, Moorhouse M, Sokhela S, Fairlie L, Mashabane 
N, Masenya M, et al. Dolutegravir plus two different prodrugs of 
tenofovir to treat hiv. N Engl J Med. 2019;381:803–15.

 20. Kouanfack C, Mpoudi-Etame M, Omgba Bassega P, Eymard-
Duvernay S, Leroy S, Boyer S, et al. Dolutegravir-based or low-
dose efavirenz-based regimen for the treatment of hiv-1. N Engl 
J Med. 2019;381:816–26.

 21. Glidden DV, Mulligan K, McMahan V, Anderson PL, Guanira J, 
Chariyalertsak S, et al. Metabolic effects of preexposure prophy-
laxis with coformulated tenofovir disoproxil fumarate and emtric-
itabine. Clin Infect Dis. 2018;67:411–9.

 22. Wellens RI, Roche AF, Khamis HJ, Jackson AS, Pollock ML, 
Siervogel RM. Relationships between the body mass index and 
body composition. Obes Res. 1996;4:35–44.

https://www.dgepi.de/assets/Leitlinien-und-Empfehlungen/Recommendations-for-good-Epidemiologic-Practice.pdf
https://www.dgepi.de/assets/Leitlinien-und-Empfehlungen/Recommendations-for-good-Epidemiologic-Practice.pdf
http://creativecommons.org/licenses/by/4.0/
https://www.cdc.gov/nchs/fastats/obesity-overweight.htm
https://www.cdc.gov/nchs/fastats/obesity-overweight.htm


1091Changes in body mass index, weight, and waist‑to‑hip ratio over five years in HIV‑positive…

1 3

 23. Nuttall FQ. Body mass index: obesity, BMI, and health: a critical 
review. Nutr Today. 2015;50:117–28.

 24. Flegal KM, Shepherd JA, Looker AC, Graubard BI, Borrud LG, 
Ogden CL, et al. Comparisons of percentage body fat, body mass 
index, waist circumference, and waist-stature ratio in adults. Am 
J Clin Nutr. 2009;89:500–8.

 25. de Koning L, Merchant AT, Pogue J, Anand SS. Waist circumfer-
ence and waist-to-hip ratio as predictors of cardiovascular events: 
meta-regression analysis of prospective studies. Eur Heart J. 
2007;28:850–6.

 26. Després J-P, Lemieux I. Abdominal obesity and metabolic syn-
drome. Nature. 2006;444(7121):881–7.

 27. Willett W. Nutritional epidemiology. Oxford University Press; 
2012.

 28. Seidell J, Han T, Feskens EJ, Lean M. Narrow hips and broad 
waist circumferences independently contribute to increased 
risk of non-insulin-dependent diabetes mellitus. J Intern Med. 
1997;242:401–6.

 29. Neumann T, Esser S, Potthoff A, Pankuweit S, Neumann A, 
Breuckmann F, Neubans K, Kondratieva J, Buck T, Muller-Tasch 
T. Prevalence and natural history of heart failure in outpatient 
hiv-infected subjects: rationale and design of the hiv-heart study. 
Eur J Med Res. 2007;12:243.

 30. Schmermund A, Möhlenkamp S, Stang A, Gronemeyer D, Sei-
bel R, Hirche H, Mann K, Siffert W, Lauterbach K, Siegrist J, 
Jöckel KH. Assessment of clinically silent atherosclerotic disease 
and established and novel risk factors for predicting myocardial 
infarction and cardiac death in healthy middle-aged subjects: 
rationale and design of the heinz nixdorf recall study. Am Heart 
J. 2002;144:212–8.

 31. Kehrmann J, Menzel J, Saeedghalati M, Obeid R, Schulze C, 
Holzendorf V, et al. Gut microbiota in human immunodeficiency 
virus–infected individuals linked to coronary heart disease. J 
Infect Dis. 2018;219:497–508.

 32. A healthy lifestyle - who recommendations. World Health Organi-
zation. Available at: https:// www. who. int/ europe/ news- room/ fact- 
sheets/ item/a- healt hy- lifes tyle--- who- recom menda tions. Accessed 
12 Oct 2022.

 33. Waist circumference and waist-hip ratio. In: Organization WH, 
editor; 2008. p. 39.

 34. Audrain-McGovern J, Benowitz NL. Cigarette smoking, nicotine, 
and body weight. Clin Pharmacol Ther. 2011;90:164–8.

 35. Bourgi K, Jenkins CA, Rebeiro PF, Palella F, Moore RD, Altoff 
KN, et al. Weight gain among treatment-naïve persons with hiv 

starting integrase inhibitors compared to non-nucleoside reverse 
transcriptase inhibitors or protease inhibitors in a large obser-
vational cohort in the united states and canada. J Int AIDS Soc. 
2020;23: e25484.

 36. Erlandson KM, Carter CC, Melbourne K, Brown TT, Cohen 
C, Das M, et al. Weight change following antiretroviral therapy 
switch in people with viral suppression: pooled data from rand-
omized clinical trials. Clin Infect Dis. 2021;73:1440–51.

 37. Sax PE, Erlandson KM, Lake JE, McComsey GA, Orkin C, Esser 
S, et al. Weight gain following initiation of antiretroviral therapy: 
risk factors in randomized comparative clinical trials. Clin Infect 
Dis. 2020;71:1379–89.

 38. Visnegarwala F, Raghavan SS, Mullin CM, Bartsch G, Wang J, 
Kotler D, et al. Sex differences in the associations of hiv disease 
characteristics and body composition in antiretroviral-naive per-
sons. Am J Clin Nutr. 2005;82:850–6.

 39. Delpierre C, Bonnet E, Marion-Latard F, Aquilina C, Obadia M, 
Marchou B, et al. Impact of hiv infection on total body com-
position in treatment-naive men evaluated by dual-energy x-ray 
absorptiometry comparison of 90 untreated hiv-infected men to 
241 controls. J Clin Densitom. 2007;10:376–80.

 40. Koethe JR, Lagathu C, Lake JE, Domingo P, Calmy A, Falutz J, 
et al. Hiv and antiretroviral therapy-related fat alterations. Nat Rev 
Dis Primers. 2020;6:48.

 41. Yuh B, Tate J, Butt AA, Crothers K, Freiberg M, Leaf D, et al. 
Weight change after antiretroviral therapy and mortality. Clin 
Infect Dis. 2015;60:1852–9.

 42. Dimala CA, Ngu RC, Kadia BM, Tianyi FL, Choukem SP. Mark-
ers of adiposity in hiv/aids patients: agreement between waist 
circumference, waist-to-hip ratio, waist-to-height ratio and body 
mass index. PLoS ONE. 2018;13: e0194653.

 43. Taramasso L, Bonfanti P, Ricci E, Maggi P, Orofino G, Squillace 
N, et al. Metabolic syndrome and body weight in people living 
with hiv infection: Analysis of differences observed in three dif-
ferent cohort studies over a decade. HIV Med. 2022;23:70–9.

 44. Lagathu C, Béréziat V, Gorwood J, Fellahi S, Bastard JP, Vigour-
oux C, et al. Metabolic complications affecting adipose tissue, 
lipid and glucose metabolism associated with hiv antiretroviral 
treatment. Expert Opin Drug Saf. 2019;18:829–40.

 45. Lakey W, Yang LY, Yancy W, Chow SC, Hicks C. Short commu-
nication: From wasting to obesity: initial antiretroviral therapy and 
weight gain in hiv-infected persons. AIDS Res Hum Retroviruses. 
2013;29:435–40.

https://www.who.int/europe/news-room/fact-sheets/item/a-healthy-lifestyle---who-recommendations
https://www.who.int/europe/news-room/fact-sheets/item/a-healthy-lifestyle---who-recommendations

	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
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study population
	Exclusion criteria
	Statistical analysis

	Results
	Discussion
	Strength and limitations

	Conclusion
	Anchor 16
	Acknowledgment 
	References




