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Abstract 

Introduction People living with HIV (PLWH) live longer and face new health challenges resulting from the conflu-
ence of chronic HIV infection and the natural effect of aging and comorbidities. However, there is a dearth of infor-
mation on the long-term impact of HIV infection on the health and wellbeing of PLWH in sub-Saharan Africa. 
This research aimed to fill this gap by reporting on physical, functional and social outcomes among PLWH treated 
at a referral center in Abidjan, Ivory Coast, and comparing them with those of a control group.

Methods Body composition, functional capacity, sarcopenia, limitations in daily activities and social participation 
were assessed among 300 PLWH (aged ≥ 30 years) and 200 uninfected adults of similar age and sex. The associations 
between these outcomes and participants’ socioeconomic characteristics, HIV history and physical activity level were 
assessed using generalized additive models adjusted for age and sex.

Results The median age was 51 years, and the median antiretroviral therapy duration was 15 years. Compared 
to controls, PLWH reported higher levels of physical activity (p < 0.0001). They had a lower muscle index (adjusted 
p < 0.0001) and grip strength (adjusted p < 0.0001) but achieved similar performance on the 6-min walk test (6MWT, 
p = 0.2). Among PLWH, physical activity level was positively associated with better performance in the 6MWT 
(p = 0.006) and greater hand grip strength (p = 0.04). The difference in physical performance according to the level 
of physical activity appeared mainly after the age of 60. PLWH reported similar rates of activity limitations (p = 0.8), 
lower depression levels and greater scores for social functioning (p = 0.02).

Conclusion In this study, PLWH achieved high levels of physical activity, which may explain why they maintained 
good physical performance and social functioning despite having a higher risk of sarcopenia. These results have 
important implications for resource-limited health systems and show avenues for chronic care models.

Trial registration This study was registered on the ClinicalTrials.gov website (NCT05199831, first registration the 
20/01/2022).
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Introduction
With the scale-up of antiretroviral therapy (ART), the 
survival of people living with HIV (PLWH) has improved 
dramatically, and HIV infection has become a chronic 
disease [1]. However, the confluence of chronic infection 
with HIV over the long term combined with the natural 
effect of aging is associated with a number of health chal-
lenges [2]. Chronic inflammation and immune activa-
tion associated with HIV, ART toxicity and the persistent 
occurrence of opportunistic infections increase the risk 
of cardiovascular diseases and musculoskeletal and neu-
rocognitive disorders, among others [3–8]. Sarcopenia, 
the loss of muscle mass and function, is an important risk 
factor for mobility limitations in older people. PLWH are 
at increased risk of earlier onset and more severe forms 
of sarcopenia [9, 10].

In resource-limited countries, the situation is com-
pounded by factors such as malnutrition or opportun-
istic infections, which remain frequent and can increase 
the risk and severity of these chronic conditions [11, 12]. 
These disorders result in substantial functional limita-
tions, which, in turn, can limit the social participation of 
PLWH and impair their quality of life [13–16].

According to available studies, between one- and three-
quarters of PLWH receiving ART experience some form 
of activity limitation [17–23]. However, there is impor-
tant heterogeneity across studies and a paucity of data 
from low-income countries where the majority of PLWH 
live. In a systematic review reporting on physical func-
tion (gait and walking tests) among PLWH in sub-Saha-
ran Africa, similar performance between HIV-infected 
and uninfected participants was found in half (n = 3) of 
the 6 studies included, and worse performance was found 
in the remaining studies [24]. Different moderating fac-
tors can explain this heterogeneity, including lifestyle 
factors such as tobacco use, alcohol consumption or the 
practice of physical activity [25, 26]. The presence and 
severity of comorbidities, e.g., high blood pressure, obe-
sity or diabetes, may also vary across settings and impact 
people’s physical function [27, 28]. Environmental factors 
also need to be considered to understand the observed 
variations in health outcomes. Of them, health care char-
acteristics are key, as they are direct determinants of the 
medical management of chronic HIV infection [29, 30] 
but should be complemented with additional information 
on the socioeconomic, cultural and organizational char-
acteristics of the environment.

Regarding abilities for independent living and/or social 
participation, it has been stressed in studies conducted 
in sub-Saharan Africa that a large proportion of PLWH 
report limitations [21, 31–37]. However, studies that 
include both HIV-infected and uninfected people are 
scarce, and it is therefore extremely difficult to determine 

to what extent chronic HIV infection contributes to 
disability independently of people’s age, sex and envi-
ronment. In the SAGE project led by the WHO, which 
assessed the burden of chronic disease and disabilities 
among adults aged 50 or older from low-income coun-
tries, there was only weak evidence for a positive associa-
tion between HIV status and disability measured with the 
WHO Disability Assessment Schedule (WHODAS) score 
after adjusting for age and sex [35, 36].

Therefore, it is important to collect more data on the 
impact of chronic HIV infection on people’s lives as they 
age, accounting for the context in which they live. This 
research aimed to fill this gap by reporting on physical, 
functional and social outcomes among PLWH receiving 
care in a reference HIV center in Abidjan, Ivory Coast, 
and comparing them with those of an uninfected control 
group. In addition, we examined how lifestyle and envi-
ronmental factors as well as HIV and treatment factors 
influenced the study outcomes.

Methods
Study design and setting
This was a cross-sectional evaluation of PLWH followed 
up at the Department of Infectious Disease and Tropi-
cal Medicine (SMIT) of Treichville University Teaching 
Hospital, Abidjan, Ivory Coast and of uninfected adults 
(controls) of similar age and sex. The SMIT is a reference 
HIV center that provides care to 3 680 PLWH. It was one 
of the first HIV clinics in Ivory Coast to provide antiret-
roviral therapy along with comprehensive HIV care in the 
context of the “Initiative” [38]. Participants were enrolled 
from February to December 2021. Participants living 
with HIV were randomly selected from the ART dispen-
sation list and contacted by a social worker who invited 
them to participate in this study if they were older than 
30  years, had been receiving ART for at least one year 
and had no acute illness. HIV-uninfected controls were 
recruited from the population of blood donors visiting a 
center nearby and from their social network. They were 
included in this study if they had a recent (< 3  months) 
negative HIV test and no acute illness. Control selec-
tion was stratified by age and sex so that their age and sex 
distribution was similar to that of the PLWH included in 
this study.

Assessment of disability
Participants’ disability was analyzed according to the 
International Classification of Functioning, Disability 
and Health (ICF) framework developed by the WHO, 
which distinguishes three dimensions of disability [39] 
(S1 Fig): body function and structure, activity limita-
tions and social participation restriction. It also considers 
the health conditions as well as the environmental and 
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contextual factors that influence the limitations in the 
different dimensions. In this study, the evaluation of the 
first dimension of disability (body function) was focused 
on sarcopenia. In addition, comorbidities (overweight, 
high blood pressure and hyperglycemia) and depressed 
feeling (as assessed through the PHQ-9 questionnaire) 
were also included in this dimension (see details below). 
The second dimension of disability (activity limita-
tions) was explored through standardized functional 
tests measuring physical performance (e.g., gait speed, 
see below) and questionnaires assessing activity limita-
tions as perceived by people in their actual environment. 
The third dimension (social participation) was assessed 
through questionnaires and qualitative interviews, but 
only quantitative results are reported in this article. The 
personal and contextual factors considered in the analy-
sis included participants’ socioeconomic characteristics 
(education, economic resources), their reported use of 
alcohol, the presence of depression symptoms and their 
level of physical activity. In addition, the effect of HIV 
infection (duration and immunodepression extent) and 
its treatment (toxicities and failure) on the different out-
comes was assessed. Treatment toxicity was defined as 
any switch in the ART combination due to adverse effect, 
while treatment failure was defined as switch in ART due 
to virologic failure, as reported in the participant’s medi-
cal file.

Mapping between the ICF conceptual framework and 
the different evaluations/instruments used and detailed 
below is provided in supplementary Fig. 1.

Assessment of sarcopenia
Three aspects of sarcopenia were distinguished: muscle 
mass, muscle strength and physical performance [40]. If 
isolated, low muscle mass corresponds to presarcopenia. 
Low muscle mass associated with low muscle strength 
corresponds to sarcopenia. Last, the combination of low 
muscle mass, low muscle strength and impaired physical 
performance corresponds to severe sarcopenia. The mus-
cle index, computed as the skeletal muscle mass meas-
ured with bioimpedance analysis (BIA) divided by the 
square of height, was used to assess muscle mass. Muscle 
strength was assessed by the measurement of hand grip 
strength in kilograms using a digital handgrip dynamom-
eter (JAMAR plus, Performance Health, France). Two 
measurements were taken from each hand, and the 
maximum of these was considered the outcome in the 
analysis.

Other clinical information was collected through a 
standardized physical evaluation. Height and weight 
were measured with the participants in light clothing 
and without shoes. Body mass index (BMI) was com-
puted as the weight divided by the square of height, and 

participants with a BMI ≥ 30  kg/m2 were considered 
overweight. Blood pressure (BP) was measured using 
a digital monitor after resting for 10  min. Two meas-
urements were taken, and the average was used in the 
analysis. High BP was defined as a systolic BP ≥ 140 or 
a diastolic BP ≥ 90  mm Hg. Glycated hemoglobin A1c 
(HbA1c) was measured using the HemoCue 501 assay 
and a cutoff of HbA1c ≥ 6.5% was used to identify partici-
pants with abnormal glucose metabolism. A composite 
indicator of comorbidities defined as the presence of at 
least one of the three comorbidities assessed (high blood 
pressure, overweight and abnormal glucose metabolism) 
was used in the analysis.

Physical performance tests included the 6-min walk test 
(6MWT), the 5 times sit-to-stand test (5STS), and the 
Short Physical Performance Battery (SPPB), which com-
bines a balance test, a gait speed test and the 5STS. The 
6MWT measures the distance covered during 6  min at 
the fastest comfortable pace. It assesses aerobic endur-
ance and reflects global functional performance [41]. The 
5STS measures the time required to complete five sit-
to-stand-to-sit cycles at the fastest comfortable pace. It 
assesses lower limb power and speed and overall balance 
[42]. The SPPB assesses lower limb function and balance 
and results in a score ranging from 0 to 12 (12 indicat-
ing the highest degree of functioning) [43]. In this analy-
sis, poor physical performance was defined as an SPPB 
score < 10. More details regarding these tests and their 
scoring are provided in the Supplementary Material.

Instrumental activities of daily living (IADLs) 
The Daily Functioning Interference scale (DFI) was used 
to measure IADLs. It includes 16 items that assess activi-
ties of daily living adapted to the African context [44] and 
allows direct mapping with the Lawton questionnaire 
[45], resulting in a score ranging from 0 to 8.

The WHODAS-2 covers both limitations in daily activi-
ties and restrictions in social participation [46]. It also 
assesses the influence of the patient’s environment on her 
functioning. This instrument has been used in different 
cultural contexts and has shown good validity and reli-
ability [47]. In this study, the overall reliability coefficient 
was 0.75. The WHODAS-2 total score was computed 
using a weighted sum of the items and scaled to range 
from 0 (no disability) to 100 (extreme disability).

Physical activity was measured with the Global Physi-
cal Activity Questionnaire (GPAQ) [48, 49]. This instru-
ment collects information on the practice of physical 
exercise in three situations (work, travel and leisure) and 
on sedentary behavior. The results are grouped into three 
categories: intense activity, moderate activity, and low 
activity. In addition, the perceptions of PLWH regard-
ing having physical activity as part of their HIV care were 
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assessed using Sidani et al.’s approach [50], which focuses 
on the following aspects of acceptability: relevance of the 
intervention to the person’s needs, adequacy with the 
person’s life, perceived efficacy, and ease of use.

Depression was assessed using the 9-item Patient 
Health Questionnaire (PHQ-9) depression scale [51]. The 
PHQ-9 is short and has very good sensitivity and speci-
ficity to detect severe depression and good validity and 
reliability. It is one of the most frequently used instru-
ments in multicultural contexts. In this study, the reliabil-
ity coefficient was 0.87. In addition, the short version of 
the Alcohol Use Disorders Identification Test [AUDIT] 
[52] was used to assess alcohol consumption. Social iso-
lation related to HIV was assessed by rating participants 
living with HIV’s agreement with the following statement 
“I tend to isolate myself from others because I am HIV 
positive” on a 5-point Likert scale.

All questionnaires were pretested and adapted when 
needed. They were administered by an interviewer who 
was specifically trained to achieve better standardization 
and avoid literacy bias.

Statistical methods
In the first step, descriptive analyses were conducted. 
Participants’ sociodemographic characteristics and out-
comes were summarized using medians and interquartile 
ranges for continuous variables and frequencies and per-
centages for categorical variables. Summaries were com-
puted overall and by subgroups defined by HIV status, 
sex and age (≤ 50 or > 50 years).

The distribution of the variables was examined using 
histograms and density plots. It was compared against 
a normal distribution using a quantile–quantile (QQ) 
plot. When needed, Box‒Cox transformation of the vari-
ables was considered to achieve a distribution closer to 
normality.

In a second step, differences in the outcomes (mus-
cle index, strength, physical performance and IADLs) 
adjusted for age and sex between participants with and 
without HIV infection were assessed using generalized 
additive models (GAMs) to account for a nonlinear effect 
of age [53]. Such a nonlinear effect was tested by trans-
forming age into a categorial variable with two groups 
(≤ 50 years and > 50 years). The choice of a cutoff at 50 
years was based on the literature as well as on group 
sizes. GAMs adjusted for age and sex were also used to 
explore the association between these outcomes and (1) 
participants’ levels of physical activity separately in the 
HIV-infected and uninfected groups and (2) HIV infec-
tion and its treatment characteristics (duration, nadir 
CD4, virologic failure, and toxicity) in PLWH only. A 
similar analysis was performed for the WHODAS score 
using nonparametric regression models, as significant 

skewness and floor effects were observed in the total 
score distribution [54]. Moreover, the associations 
between IADLs and WHODAS scores and physical per-
formance were assessed separately among HIV-infected 
and uninfected participants using regression analysis 
(parametric logistic and nonparametric models, respec-
tively) adjusted for age, sex, education level and eco-
nomic resources. To ease interpretation, the physical 
performance variables were transformed into categorical 
variables, and the lower quartile was compared with the 
other quartiles.

The sample size of this study was determined to esti-
mate the prevalence of functional limitations and diffi-
culties among PLWH with an accuracy ≥ 10% assuming 
an incomplete response rate up to 10% and to detect a 
prevalence ratio of functional limitations between the 
HIV-infected and uninfected groups ≥ 1.5. In this analy-
sis, missing data were not imputed.

All data analyses were performed using R [55].

Ethics
The VIRAGE study was approved by the “Comité 
National d’Ethique des Sciences de la Vie et de la Santé” 
in Ivory Coast (072–2/MSHP/CNESVS-kp). All partici-
pants gave written informed consent before inclusion. 
This study was registered on the ClinicalTrials.gov web-
site (NCT05199831).

Results
Study population
A total of 300 PLWH (96 men and 204 women) and 200 
adults without HIV infection (57 men and 143 women) 
were included in this study. Most participants living with 
HIV had received ART for more than 10 years (median: 
15  years) and had CD4 cell counts at ART initiation 
below 200 cells/mm3 (Table  1). Participants with and 
without HIV infection had similar age and sex distribu-
tions (p = 0.8 and p = 0.5), and almost half of them were 
aged 50 or older (Table 1). There were some differences 
in the other sociodemographic characteristics between 
the two groups. Participants without HIV infection were 
more likely to have higher education levels (age- and sex-
adjusted p value  [pas]: 0.03) and a paid job  (pas < 0.0001), 
while those living with HIV were more likely to make 
their living through informal work  (pas < 0.0001). How-
ever, there was no significant difference in the reported 
economic resources between the two groups  (pas = 0.3).

PLWH reported lower alcohol consumption and fewer 
depression symptoms than their counterparts with-
out HIV infection  (pas = 0.06 and 0.007, respectively). In 
addition, they reported higher levels of physical activity 
 (pas < 0.0001). Walking accounted for approximately half 
of the reported energy expenditure (52%), work activities 
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Table 1 Characteristics of the study participants

HbA1C Glycated hemoglobin
a Reported through the GPAQ (see the Methods section for more details)
b Score ≥ 4 for men and ≥ 3 for women
c Score ≥ 5 for men and ≥ 4 for women

Participants living with HIV Participants without HIV infection

Men
(n = 96)

Women
(n = 204)

All
(n = 300)

Men
(n = 57)

Women
(n = 143)

All
(n = 200)

Age, median (IQR) 54 (49–60) 49 (43–53) 50 (45–56) 52 (47–59) 52 (44–58) 52 (45–58)

Education level, n (%)

 None 12 (13) 43 (21.5) 55 (19) 2 (3.5) 27 (19) 29 (14.5)

 Elementary 12 (13) 58 (29) 70 (24) 4 (7) 37 (25.9) 41 (20.5)

 Secondary 38 (41) 73 (36.5) 111 (38) 35 (61) 57 (40) 92 (46)

 Higher 30 (33) 26 (13) 56 (19) 16 (28) 22 (15) 38 (19)

Work status, n (%)

 Paid work or retired 74 (77) 80 (39) 154 (51) 48 (84) 95 (66) 143 (71.5)

 Informal or home work 13 (13.5) 92 (45) 105 (35) 3 (5.3) 25 (17.5) 28 (14)

 No work 9 (9) 32 (16) 41 (14) 6 (10.5) 23 (16) 29 (14.5)

Disposable income, n (%)

 Yes 44 (46) 104 (51) 148 (49) 32 (56) 74 (52) 106 (53)

Body mass index, n (%)

  ≤ 25 65 (69) 77 (39) 142 (49) 29 (51) 33 (23) 62 (31)

 25–30 20 (21) 69 (35) 89 (30) 21 (37) 48 (34) 69 (35)

  > 30 9 (10) 52 (26) 61 (21) 7 (12) 62 (43) 69 (35)

 High blood pressure, n (%) 35 (40) 48 (25) 79 (30) 21 (37) 47 (33) 68 (34)

 HbA1c ≥ 6.5%, n (%) 7 (9) 17 (10) 24 (10) 8 (14) 22 (15) 30 (15)

 Skeletal muscle index, median (IQR) 18 (17–19) 16 (15–17) 17 (15–18) 19 (17–19) 17 (15–18) 17(16–19)

 Fat mass index, median (IQR) 18 (17–19) 16 (15–17) 17 (15–18) 19 (17–19) 17 (15–18) 17 (16–19)

Level of physical  activitya

 High 33 (39) 52 (29) 85 (32) 11(19) 14 (10) 25 (12.5)

 Moderate 31 (36) 63 (35.5) 94 (36) 28 (49) 54 (38) 82 (41)

 Low 21 (25) 63 (35.5) 84 (32) 18 (32) 75 (52) 93 (46.5)

Audit score

 Low risk 78 (82) 169 (83) 247 (83) 29 (51) 125 (87) 154 (77)

 Hazardous  consumptionb 4 (4) 18 (9) 22 (7) 10 (17) 4 (3) 14 (7)

  Dependencec 13 (14) 16 (8) 29 (10) 18 (32) 14 (10) 32 (16)

PHQ-9 score

  < 10 81 (98) 167 (92) 248 (94) 52 (91) 120 (84) 172 (86)

 10–19 1 (1.2) 13 (7.2) 14 (5.3) 5 (9) 21 (15) 26 (13)

  > 19 1 (1.2) 1 (0.6) 2 (0.8) 0 1 (1) 1 (0.5)

Duration of ART (IQR), years

14 (7–16) 13 (8–15) 13 (8–16) - - -

CD4 cell count at ART initiation

 median (IQR) 148 (49–269) 181 (71–300) 177 (61–296) - - -

 missing 37 70 107

Most recent CD4 cell count

 median (IQR) 462 (331–564) 569 (368–752) 520 (343–731) - - -

 missing 19 29 48
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accounted for 42%, and leisure activities accounted 
for less than 10%. The perceptions of PLWH regarding 
including physical activity as part of their care were posi-
tive, as most of them found such an intervention to be 
relevant and efficient (n = 246, 93%), and most of them 
were ready to engage in this activity (n = 206, 78%).

Regarding the comorbidities assessed in this study 
(Table 1), the proportion of participants with high blood 
pressure was similar between those with and those with-
out HIV infection  (pas = 0.6). There was a trend toward a 
higher prevalence of HbA1c above the cutoff of 6.5% in 
the control group (15% versus 10%, p = 0.1), and more 
participants without HIV infection were overweight 
 (pas = 0.001).

Impairment: Muscle mass, muscle strength and physical 
performance
Compared to uninfected participants, those living with 
HIV had a lower muscle index  (pas < 0.0001, Table  1) 
and lower grip strength (age-, sex- and BMI-adjusted p 
value < 0.0001, Table 2). The results of the physical func-
tion tests are given in Table  2. Most participants had 
an SPPB score within the “normal” range (n = 414/460 
[90%] had an SPPB score ≥ 10), and the proportions of 

participants with suboptimal SPPB scores were similar 
in the two groups (9.3% [25/268] versus 10.9% [21/192] 
among participants with and without HIV, respectively, 
 pas = 0.7). The 5STS was the subtest of the SPPB with 
the highest failure rate. While there was no significant 
difference in the 5STS scores between participants with 
and without HIV among those younger than 50  years 
 (pas = 0.5), better performances were observed among 
participants living with HIV older than 50  years com-
pared to their counterparts without HIV infection older 
than 50 years  (pas = 0.05). Participants with and without 
HIV infection achieved similar distances in the 6MWT 
 (pas = 0.2).

Association between physical performance, sarcopenia 
and physical activity
A higher level of physical activity was associated with 
better performance in the 6MWT and greater hand grip 
strength among participants with HIV  (pas = 0.006 and 
0.04, respectively) but not among those without HIV 
(all p values were > 0.3). As displayed in Fig. 1, the differ-
ence in physical performance between participants who 
reported a high level of physical activity and those who 
reported a low level appeared mainly after the age of 60 

Table 2 Outcomes of the physical tests by HIV status, sex and age: median (interquartile range)

BMI Body mass index, IQR Interquartile range

*; HIV-infected versus uninfected adjusted for age and sex

Participants living with HIV Participants without HIV infection

Men Women All Men Women All p-value*

6-min walk test distance (m) 0.2

Age: 30 to 50 years 459 (411–495) 390 (356–422) 402 (358–445) 401 (377–495) 389 (347–415) 391 (347–421)

Age: > 50 years 436 (390–468) 366 (330–408) 388 (341–442) 394 (371–441) 355 (306–388) 376 (333–400)

All 442 (397–473) 380 (345–420) 398 (354–444) 397 (371–453) 379 (334–408) 388 (347–415)

missing 9 17 26 2 5 7

Five times sit-to-stand test (sec) 0.06

Age: 30–50 years 12 (10–13) 11.5 (10–13) 12 (10–13) 12 (10.8–13) 12 (10–13) 12 (10–13)

Age: > 50 years 11 (10–13) 12 (10–14) 11.5 (10–14) 13 (10–14) 14 (12–15) 13 (11–15)

All 11 (10–13) 12 (10–13) 12 (10–13) 12 (10–14) 13 (11–14) 13 (10.5–14)

Missing 3 10 13 1 2 3

Grip strength (kg)  < 0.0001

BMI < 19 32 (31–40) 23 (20–28) 31 (23–33) 36 (33–38) 36 (33–38) 36 (33–38)

BMI: 19–25 42 (36–48) 28 (23–32) 32 (26–41) 48 (38–56) 32 (28–38) 37 (32–46)

BMI > 25 45 (38–54) 28 (23–33) 30 (24–36) 47 (38–59) 34 (30–38) 35 (30–40)

All 42 (35–49) 28 (23–32) 31 (24–38) 47 (38–59) 33 (30–38) 36 (31–41)

Missing 2 1 3 0 0 0

Muscle Index  < 0.0001

Age: 30–50 years 18 (17–19) 16 (15–17) 17 (15–18) 18 (17–19) 17 (16–18) 17 (16–19)

Age: > 50 years 18 (16–19) 16 (15–17) 17 (16–18) 19 (18–20) 16 (15–18) 17 (16–19)

All 18 (17–19) 16 (15–17) 17 (15–18) 19 (17–19) 17 (15–18) 17 (16–19)

Missing 3 6 9 0 0 0
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(p = 0.003 for the 6MWT and 0.07 for grip strength). 
Among participants living with HIV, there was a trend 
toward a positive association between performance on 
the 5STS and activity level  (pas = 0.1). In contrast, physi-
cal activity was not associated with the muscle index in 
either group (all p values were > 0.4).

Association between physical performance and factors 
related to HIV infection characteristics
This analysis was restricted to participants living with 
HIV. As shown in Fig.  2, the variables related to HIV 
infection and its treatment were not associated with the 
5STS or the muscle index. In contrast, ART duration, 
toxicity and history of treatment with didanosine (DDI), 
zidovudine (ZDV) and/or stavudine (D4T) were nega-
tively associated with participants’ grip strength at all 
ages. Lower CD4 cell counts before ART and a history of 
virologic failure were also associated with decreased grip 
strength among those older than 50 years. Factors related 
to ART (i.e., duration, toxicity and a DDI/AZT/D4T-
containing regimen) had a negative effect on 6MWT per-
formance among older participants (> 50  years) but not 
among younger participants.

Activity limitations
Compared to participants without HIV infection, a 
greater proportion of those living with HIV reported 
limitations in at least one daily activity (45% versus 33%, 

p = 0.04). However, it should be noted that the differ-
ence between the two groups was related exclusively to 
higher rates of difficulties reported by men living with 
HIV in meal preparation and household chores (Table 3). 
When these items were excluded for men as suggested by 
the authors of the IADL score [45], similar proportions 
of limitations were observed among PLWH compared to 
their uninfected peers (p = 0.8). Regarding participants’ 
social functioning assessed with the WHODAS-2 instru-
ment, a higher level of difficulties was observed among 
uninfected participants compared to those living with 
HIV in all domains (all p < 0.05) but not the fourth (get-
ting along with people, p = 0.8, Table 3).

In analyses adjusted for age, sex, education level and 
economic resources, the probability of reporting dif-
ficulties for at least one daily activity was associated 
with reduced 6MWT (impaired gait speed) among 
HIV-infected and uninfected participants (p = 0.04 
and 0.03, respectively, Table  4). The WHODAS score 
(i.e., the level of difficulties) was higher among par-
ticipants with impaired performance in the 6MWT in 
both HIV-infected and uninfected groups, although the 
magnitude of the associations was greater in the con-
trol group (Table 4). It was also associated with reduced 
grip strength and performance at the 5STS test among 
uninfected participants only. In the multivariate analy-
sis adjusted for age, sex, education level, economic 
resources, grip strength and physical test performance, 

Fig. 1 Shape of the association between physical capacities (6MWT, 5STS), grip strength and the skeletal muscle index and age and physical 
activity levels. Green and red lines represent the fitted outcomes using GAMs adjusted for age among PLWH who reported high physical activity 
(green) and low physical activity (red). The gray lines represent the 25%, 50% and 75% quantile estimates for HIV-uninfected participants overall. 
Note that lower 5STS time indicates greater physical capacity. kg: kilogram
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the mean WHODAS scores remained higher among 
uninfected participants than among those living with 
HIV (+ 2.43, 95% CI 1.60–3.26, p = 0.02). In the lat-
ter group, those who reported that they isolated them-
selves because of their HIV status had significantly 
higher (worse) WHODAS scores than other participants, 
whether they were uninfected (p < 0.0001) or infected 
(p = 0.0004).

Discussion
In this study, we found that PLWH receiving ART and 
with good immunological status had overall good physi-
cal performance in reference to their peers without infec-
tion. These good outcomes could have resulted from the 
high level of physical activity observed in the popula-
tion of this study. There is already evidence from clinical 
research showing the positive effect of physical activity 
on the health of PLWH and elderly individuals [25, 26]. 

However, empirical information from real life on the 
effect of physical activity remains scarce. Interestingly, 
although information on the uptake of physical activ-
ity in African contexts is limited, available studies indi-
cate that most PLWH have low levels of physical activity, 
usually below what is recommended [56] or that of their 
peers without HIV infection [57]. Additional qualitative 
research is needed to identify the factors that have pro-
moted this healthy behavior, which will help to design 
interventions for behavioral change and health promo-
tion among PLWH.

The medical context is another aspect that could 
explain the good physical performance and health sta-
tus of the participants living with HIV in this study. They 
were followed up at an HIV/AIDS reference center, and 
most of them initiated ART in the early 2000s, a period in 
which HIV care initiatives flourished. Participants in this 
study received emotional support in addition to the usual 

Fig. 2 Association between physical performance outcomes (6MWT, 5STS, grip strength and muscle index) and factors related to HIV infection 
and treatment characteristics (ART duration, CD4 nadir, history of virologic failure, history of treatment with D4T, DDI or ZDV)
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medical care and benefited from medical counseling and/
or screening for other diseases, which is rarely possible 
for the rest of the population in such a context [58]. This 
has been noticed in the area of cancer, with greater cover-
age of cervical cancer screening found in some countries 
among women living with HIV compared to uninfected 
women [59]. This may explain why the participants liv-
ing with HIV of this study reported limited consumption 
of alcohol and depressive symptoms, which contributes 
as well to the good outcomes observed in this popula-
tion. Our results should therefore be interpreted taking 
into account the specific real-world context from which 
they come [60]. It is likely that this type of contextual fac-
tor explains a substantial part of the large heterogene-
ity observed between studies, and more effort should be 
made to report them in a systematic way.

Despite these encouraging results, we found that 
PLWH had impaired grip strength compared to their 
uninfected counterparts and that the difference appeared 
early. This is in line with available evidence showing that 

HIV infection accelerates the onset and enhances the 
progression of sarcopenia [10, 61, 62]. In addition, the 
negative association between grip strength and NRTI 
use found in this study is also consistent with a previous 
report indicating that NRTIs, especially zidovudine, have 
toxic effects on mitochondria [63]. It has also been shown 
that there is a poor correlation between grip strength and 
lower body strength as measured by the 5STS [64], which 
could explain the apparent discrepancy found between 
the lower grip strength observed in PLWH on the one 
hand and their good 5STS or 6MWT outcomes on the 
other. Our results suggest that physical activity helps 
to improve the strength of PLWH when they get older, 
which, in turn, may help to maintain good physical per-
formance. As highlighted by Chetty and colleagues, more 
research is needed to determine the most effective train-
ing (type, frequency, duration and intensity) for older 
PLWH as well as how and when to implement physical 
activities in the management of HIV in a resource-limited 
context [65]. In this study population, we found that most 

Table 3 Activity limitation and disability (WHODAS-2) scores by sex and HIV status

a A score of 1 indicates independence, and a score of 0 (partial or complete) indicates dependence
b The category “Responsibility for medication” was excluded for men and women; the categories “food preparation”, “housekeeping” and “laundry” were excluded for 
men

*Participants with versus without HIV infection: exact test for categorical data and rank test for continuous data

Participants living with HIV Participants without HIV infection

Men Women All Men Women All p-value*

Instrumental activities of daily living
 Number of participants who could perform the activity  independentlya (%)

  Ability to use telephone 84 (100) 181 (100) 265 (100) 55 (98) 141 (100) 196 (99.5) 0.4

  Shopping 84 (100) 179 (99) 263 (99) 57 (100) 138 (97) 195 (98) 0.1

  Food preparation 33 (39) 161 (89) 194 (73) 39 (75) 137 (96) 176 (90)  < 0.0001

  Housekeeping 53 (63) 151 (83) 204 (77) 49 (88) 129 (90) 178 (89)  < 0.0001

  Laundry 44 (52) 148 (82) 192 (73) 42 (74) 111 (78) 153 (77) 0.4

  Mode of transportation 84 (100) 181 (100) 265 (100) 57 (100) 142 (99) 199 (99.5) 0.4

  Responsibility for own medications 84 (100) 179 (99) 263 (99) - - -

  Ability to handle finances 84 (100) 181 (100) 265 (100) 57 (100) 141 (99) 198 (99) 0.2

Median score (IQR)

 All activities 7 (6–7) 8 (7–8) 8 (7–8) 8 (7–8) 8 (7–8) 8 (7–8) 0.05

Restricted to 4 categories for men, 7 for  womenb 4 (4–4) 7 (6–7) 4 (4–4) 7 (6–7) 0.7

WHODAS-2
 Overall score, median (IQR) 0 (1.1–4.4) 1.1 (3.3–7.6) 0 (2.2–6.5) 2.2 (3.3–5.4) 3.3 (6.5–10.9) 2.7 (5.4–9.8)  < 0.0001

 Missing 27 28 55 4 5 9

Score by domain, median (IQR)

 Cognition 0 (0–10) 5 (0–10) 0 (0–10) 10 (0–15) 10 (5–15) 10 (0–15)  < 0.0001

 Mobility 0 (0–6.2) 0 (0–12.5) 0 (0–6.2) 0 (0–6.2) 12.5(1.6–18.8) 6.2 (0–18.8)  < 0.0001

 Self-care 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)  < 0.0001

 Getting along with people 0 (0–8.3) 0 (0–8.3) 0 (0–8.3) 0 (0–8.3) 8.3 (0–8.3) 0 (0–8.3) 0.8

 Life activities 0 (0–0) 0 (0–10) 0 (0–0) 0 (0–0) 0 (0–17.5) 0 (0–10)  < 0.0001

 Social participation 4.2 (0–8.3) 4.2 (0–13.5) 4.2 (0–12.5) 8.3 (4.2–12.5) 8.3 (4.2–19.8) (4.2–16.7)  < 0.0001
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of the physical activity was performed through walking 
and very little through training. However, participants 
reported that training with regular physical exercises 
could be an effective, feasible and acceptable intervention 
and ranked it high if it was conducted at their usual care 
center. It is now time to design participatory implemen-
tation and effectiveness studies to provide practical evi-
dence to decision-makers.

Most published studies on disabilities among PLWH 
have focused on specific aspects of disabilities, either 
impairments, functional limitations or limitations in 
social functioning [66].

In this study, we attempted to provide a holistic per-
spective on disability by integrating physical and social 
functioning. We found similar levels of activity limi-
tations yet better social functioning (as well as better 
mental health status) among participants living with 
HIV compared to their peers without infection. In addi-
tion, we found that the association between physical 

performance and WHODAS scores was twice as strong 
among uninfected participants than among those living 
with HIV, highlighting the multiple other factors that 
moderate the impact of impairment on day-to-day life 
and how it is perceived. People with chronic illness often 
adapt their expectations and references to cope with their 
new situation. As a consequence, a “response shift” in the 
evaluation of the daily difficulties can be observed with 
people having chronic condition reporting greater qual-
ity of life [67]. For participants living with HIV in this 
study, stigma appeared to be a more important determi-
nant of social functioning than the physical limitations 
themselves. However, there may be a more complex rela-
tionship between stigma and disability, with each compo-
nent enhancing the other. Moreover, a detailed analysis 
of stigma would be important in future research, distin-
guishing internalized and enacted stigma [68].

One of the strengths of this study lies in the inclu-
sion of a control group of similar demographic 

Table 4 Association between physical performance outcomes and (1) the probability of reporting difficulties in at least one of the 
instrumental activities of daily living and (2) the WHODAS score. Physical performance outcomes were transformed into categorical 
variables using the lower quartile of the control group (or upper quartile for the 5STS test) as cutoff. All analyses were adjusted for 
age, sex and education level. The results for IADLs are odds ratios with 95% confidence intervals, while those for the WHODAS are the 
coefficients of linear regression with 95% confidence intervals

a Collected using the DFI questionnaire

Univariate Multivariate

HIV + HIV- HIV + HIV-

Difficulties in Instrumental Activities of Daily Livinga

Muscle index

  ≤ 15.8 kg/m2 vs. > 15.8 kg/m2 1.17 (0.62 to 2.21) 1.16 (0.55 to 2.48) 0.65 (0.32 to 1.32) 0.84 (0.37 to 1.91)

6MWT

  ≤ 347 m vs. > 347 m 2.55 (1.3 to 4.99) 4.26 (2.08 to 8.74) 2.26 (1.03 to 4.96) 2.52 (1.10 to 5.77)
5STS

  ≤ 14 s vs. > 14 s 1.73 (0.77 to 3.86) 2.25 (1.03 to 4.92) 1.49 (0.59 to 3.78) 1.71 (0.69 to 4.26)

Grip strength

  ≤ 31 kg vs. > 31 kg 2.35 (1.25 to 4.42) 2.64 (1.28 to 5.46) 0.95 (0.46 to 1.96) 1.72 (0.76 to 3.91)

Comorbidities

 High blood pressure and/or obesity 
and/or hyperglycemia

1 (0.52 to 1.93) 2.24 (1.03 to 4.87) 0.75 (0.35 to 1.64) 1.31 (0.55 to 3.13)

WHODAS score (higher score indicated increased level of difficulties)

Muscle index

  ≤ 15.8 kg/m2 vs. > 15.8 kg/m2 0 (-0.8 to 0.8) 0 (-1.93 to 1.93) -0.22 (-1.26 to 0.83) 0 (-1.27 to 1.27)

6MWT

  ≤ 347 m vs. > 347 m 1.09 (0.05 to 2.12) 3.26 (1.31 to 5.21) 1.09 (0.32 to 1.86) 2.72 (1.48 to 3.96)
5STS

  ≤ 14 s vs. > 14 s 1.09 (-0.13 to 2.30) 2.17 (-0.03 to 4.37) 1.09 (-0.47 to 2.65) 2.17 (0.1 to 4.25)
Grip strength

  ≤ 31 kg vs. > 31 kg 1.09 (0.16 to 2.02) 4.35 (2.30 to 6.39) 0.36 (-0.58 to 1.31) 2.99 (1.26 to 4.72)
Comorbidities

 High blood pressure and/or obesity 
and/or hyperglycemia

0 (-0.81 to 0.81) 2.17 (0.40 to 3.95) 0 (-1.07 to 1.07) 1.36 (0.02 to 2.70)
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characteristics allowing a better interpretation of the 
outcomes observed among the participants living with 
HIV. However, the control group was matched only on 
age and sex for practical reasons and the two groups 
differ with regard to other socio-economic characteris-
tics. Although the analyses were adjusted on important 
factors such as age, sex, education level and financial 
resources, some unmeasured confounding may have 
remained. Other limitations of this study should be 
noted. First, the cross-sectional design of this study 
limited the analysis of the causal relation between HIV 
infection and physical activity on the one hand and 
the physical performance, disability and well-being 
of PLWH on the other hand. However, our results are 
consistent with those of other clinical studies [25, 26] 
and provide real-life information that will be useful for 
future research. Another limitation is the possibility of 
selection bias due to the non-inclusion of participants 
who did not come to take their drug because of health 
problems. It is also important to remember that partici-
pants in such surveys are patients who survived early 
mortality after HAART initiation [69]. There was more 
missing data for the disability questionnaire among par-
ticipants living with HIV because the interviews had to 
be conducted during a second visit for practical reason. 
However, missingness was not associated with partici-
pants’ characteristics. This research was conducted after 
the first waves of the COVID epidemic. Various public 
health measures were introduced in Ivory Coast to limit 
the epidemic transmission, but it is unlikely that they 
had a major effect on the level of physical activity of the 
population as no home confinement was introduced.

In summary, this study shows that aging PLWH who 
have high levels of physical activity and receive ade-
quate support can maintain good physical and social 
functioning. These results have important implications 
for resource-limited health systems and show avenues 
for chronic care models. Future research should assess 
the feasibility and effectiveness of implementing inter-
ventions in African contexts to promote and support 
engagement in physical activity among PLWH.
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