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Abstract

People living with human immunodeficiency virus (HIV) (PLWH) appear to be at an increased risk of sarcopenia, which
can have a devastating effect on their life due to consequences such as physical disability, poor quality of life, and finally
death. This systematic review examined sarcopenia prevalence and its associated factors in PLWH. A systematic search
was conducted using the keywords in the online databases including Scopus, PubMed, Web of Science, Embase and
Cochrane databases from the dates of inception up to May 2022. The retrieved articles underwent a two-step
title/abstract and full-text review process, and the eligible papers were selected and included in the qualitative synthe-
sis. Data relating to the study population, purpose of study, gender, age, race, body mass index, medical history,
paraclinical results and antiretroviral therapy as associated factors of sarcopenia were extracted. In addition, the prev-
alence of sarcopenia in PLWH and its promoting and reducing factors were also extracted. We reviewed the 14 related
studies for identifying of sarcopenia prevalence and its associated factors in PLWH. The total number of PLWH in all the
reviewed studies was 2592. There was no criterion for the minimum number of people with HIV and the lowest number
of PLWH was 27, and the highest number was 860. Some studies reported a significantly higher prevalence of sarcope-
nia in HIV-infected individuals compared with HIV-negative controls as follows: 24.2–6.7%, 15–4% and 10–6%, respec-
tively. We showed that, age (30–50 years), being female, >5 years post-HIV diagnosis, multiple vertebral fractures,
cocaine/heroin use and lower gamma-glutamyl transferase level were the main promoting factors of sarcopenia. Higher
educational level, employment, physical exercise, calf circumference >31 cm, and gait speed >0.8 m/s were also fac-
tors to reduce sarcopenia. Sarcopenia prevalence in PLWH is higher than HIV-negative population. Given the impor-
tance and prevalence of sarcopenia among PLWH and its associated consequences (i.e., mortality and disability), deter-
mining its risk factors is of great importance.

Keywords human immunodeficiency virus; acquired immunodeficiency syndrome; sarcopenia; wasting syndrome

Received: 2 August 2022; Revised: 15 January 2023; Accepted: 6 February 2023
*Correspondence to: Esmaeil Mehraeen, Department of Health Information Technology, Khalkhal University of Medical Sciences, Khalkhal, Iran. Email: es.mehraeen@gmail.
com

REV IEW

© 2023 The Authors. Journal of Cachexia, Sarcopenia and Muscle published by John Wiley & Sons Ltd on behalf of Society on Sarcopenia, Cachexia and Wasting Disorders.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 1168–1182
Published online 16 March 2023 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/jcsm.13212

https://orcid.org/0000-0003-4108-2973
mailto:es.mehraeen@gmail.com
mailto:es.mehraeen@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fjcsm.13212&domain=pdf&date_stamp=2023-03-16


Introduction

Sarcopenia is a condition characterized by progressive and
generalized reduction of skeletal muscle strength and quality
as well as impaired physical performance. Adverse conse-
quences of sarcopenia include physical disability, poor quality
of life and increased risk of death.1 The cause of sarcopenia is
sometimes identified. However, there are scenarios when no
evident cause can be isolated. This muscle-wasting condition
is divided into two categories: primary and secondary sarco-
penia. Primary sarcopenia is age-related sarcopenia that has
no other evident cause except aging.2 In contrast, secondary
sarcopenia is when this condition is caused by factors such
as physical activity, disease, and nutrition. Physical
activity-related sarcopenia results from prolonged bed rest,
a sedentary lifestyle, reconditioning or zero-gravity condi-
tions. As for disease-related sarcopenia, this is associated with
advanced organ failure (brain, lung, heart, kidney and liver),
inflammatory disease, HIV, malignancy or endocrine disease.
Finally, nutrition-related sarcopenia results from an inade-
quate dietary intake of energy and/or protein, which might
be caused by malabsorption, gastrointestinal disorders or
the use of medications that lead to anorexia. Sarcopenia leads
to adverse clinical consequences, including increased hospi-
talization, frailty and falls, and premature death in different
clinical studies. Furthermore, sarcopenia places a significant
economic burden on the society and health care system.3

For people living with human immunodeficiency virus
(PLWH) the prevalence of sarcopenia is estimated to be
24.1% in those aged 35 to 60 years.4 Sarcopenia has negative
effects on the self-reliance and ability to perform activities of
daily living in PLWH,5 which increases their risk of institution-
alization. The etiology of sarcopenia for PLWH appears to be
multifactorial with both HIV-specific complications (e.g., per-
sistent chronic immune activation and inflammation) and life-
style (e.g., smoking, drug use, alcohol consumption, and mal-
nutrition) being contributing factors.5–8 To counteract
sarcopenia, exercise is considered an excellent treatment op-
tion to the low risk of side effects and minimal cost. Specifi-
cally, resistance training in the early stages of sarcopenia
among older adults is shown to produce meaningful improve-
ments in the diagnostic measures of sarcopenia.9 For PLWH,
resistance training alone and combined with aerobic training
has produced favourable health effects to counteract the ef-
fects of sarcopenia.10,11 However, the most effective exercise
intervention to target the consequences of sarcopenia in
PLWH is presently unknown. Such an intervention would en-
hance muscle strength, increase mobility and function, de-
crease fatigue, decrease the risk of metabolic disorders and
decrease the risk of falls and skeletal fracture. Although, de-
veloping an optimal exercise intervention for PLWH likely re-
quires further examination of factors that contribute to sarco-
penia in this population to guide the exercise prescription and
complementary practices (e.g., protein supplementation).

The purpose of this systematic review was to examine the
prevalence of sarcopenia and its associated increasing or re-
ducing factors among PLWH. The findings may assist practi-
tioners with the management of PLWH, and guide future
studies investigating the effectiveness of different interven-
tions in management of HIV-associated sarcopenia.

Methodology

Study design and search strategy

To investigate this topic, a systematic literature review of cur-
rent evidence was conducted. The preferred Reporting Items
for Systematic Reviews and the PRISMA checklist was em-
ployed to ensure the reliability and validity of reported re-
sults. A search from dates of inception up to May 2022 was
conducted using the following electronic databases: PubMed,
Scopus, Web of Science and Embase.

The search strategy employed combined the terms
(‘HIV’[mesh] OR ‘Acquired Immunodeficiency Syndrome’[mesh]
OR Acquired Immunodeficiency Syndrome*[tiab] OR Acquired
Immune Deficiency Syndrome Virus [tiab] OR Acquired Immu-
nodeficiency Syndrome Virus[tiab] OR Acquired Immunologic
Deficiency Syndrome*[tiab] OR Acquired Immune Deficiency
Syndrome*[tiab] OR Acquired Immuno-Deficiency Syn-
drome*[tiab] OR Acquired Immunodeficiency[tiab] OR HIV
[tiab] OR HTLV-III[tiab] OR Human T Lymphotropic Virus Type
III[tiab] OR Human T-Lymphotropic Virus Type III[tiab] OR Hu-
man Immunodeficiency Virus*[tiab] OR Human Immuno defi-
ciency Virus*[tiab] OR Human T Cell Lymphotropic Virus Type
III[tiab] OR Human T-Cell Leukemia Virus Type III[tiab] OR
LAV-HTLV-III[tiab] OR Lymphadenopathy-Associated Virus*
[tiab] OR Lymphadenopathy Associated Virus[tiab] OR
Lymphadenopathy Associated Retrovirus[tiab] OR LAV[tiab]
OR LAV (AIDS)[tiab] OR AIDS Virus*[tiab] OR AIDS[tiab] OR
AIDS associated lentivirus[tiab] OR AIDS associated retrovi-
rus[tiab] OR AIDS associated virus[tiab] OR AIDS related vi-
rus[tiab] OR Immunodeficiency associated virus[tiab]) AND
(‘Sarcopenia’[mesh] OR ‘HIV Wasting Syndrome’[mesh] OR
‘Wasting Syndrome’[mesh] OR Sarcopenia*[tiab] OR HIV
Wasting Syndrome[tiab] OR Wasting Syndrome*[tiab] OR
Wasting Disease*[tiab] OR HIV Wasting Disease[tiab] OR Slim
Disease[tiab] OR AIDS Wasting Syndrome[tiab] OR AIDS asso-
ciated weight loss[tiab] OR Immunodeficiency associated
weight loss[tiab]).

Inclusion and exclusion criteria

At first, after the initial search, the original English articles
that reported the prevalence, and associated factors of sarco-
penia among PLWH were included, and the following articles
were excluded:
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1) Abstracts/conference abstracts or articles with unavail-
able full texts

2) Ongoing unpublished clinical trials
3) Review articles, meta-analyses, protocols, or any other

non-original study
4) Randomized clinical trials (RCTs) protocols
5) Articles that had no available original data or values.

Selection of studies and data screening

We utilized EndNote X9 software to organize the extracted
articles. The main search results from various aforemen-
tioned databases were gathered in a single EndNote library
and duplicates were removed. Two independent authors
screened the extracted articles in two steps. First, they
screened the title and abstract of the retrieved records and

then excluded ineligible articles. Then, the full texts of the re-
maining articles were reviewed according to the inclusion
and exclusion criteria and the eligible articles were included
in the final results.

Data extraction

The following data were extracted by four independent re-
searchers: first author, country, type of study, study popula-
tion, purpose of the study, gender percentage, age, race,
BMI, medical history, paraclinical results, antiretroviral ther-
apy (ART), the prevalence or rate of sarcopenia and the pos-
sible associated promoting or reducing factors. Finally, the ex-
tracted findings were organized into a table and for
qualitative synthesis.

Figure 1 Risk of bias according to Newcastle–Ottawa Scale NOS.
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Quality assessment

The Newcastle–Ottawa Scale (NOS) was used to assess the
quality and risk of bias among included studies, and the data
are available in Figure 1 and Table 1. For the cohort studies,
there was a maximum score of 9 and for the cross-sectional
studies there was a maximum score of 10, based on three
categories that include: selection, comparability and expo-
sure/outcome.17 Studies with poor-quality assessment scores
of four or less were excluded from this systematic review.

Results

Literature search and study selection

The initial search identified 4875 references from which 2655
duplicate articles were eliminated. The remaining 2220 re-
cords were screened based on their title/abstract. Using the
inclusion and exclusion criteria, 2206 articles were excluded,
and finally, the full texts of 14 articles were reviewed. The
PRISMA 2020 flow diagram of article selection process is
shown in Figure 2. A total of 14 articles met the inclusion
criteria; hence, they were used in the final qualitative
analysis.

Description of the included studies

The included studies were from United States (n = 5), Brazil
(n = 5), India (n = 2), Malaysia (n = 1) and North-eastern

South Africa (n = 1). The studies were cohort studies (n = 7)
and cross-sectional (n = 7) studies. In total, 6 sarcopenia-
defining criteria were mentioned by the included studies,
and 13 of 14 studies specified their criteria. The most
common utilized criteria were the European Working Group
on Sarcopenia in Older People (EWGSOP), which was used
by seven articles.18–24 The next common method was the
measurement of appendicular skeletal muscle mass index
(ASMI), which was used by three papers.14,16,17 Finally, the
Asian Working Group for Sarcopenia (AWGS), percentage
skeletal muscle mass (PSMM) and Sarcopenia Definitions
and Outcomes Consortium (SDOC) methods were each used
by one included study.12–15

Table 2 provides the descriptive information from the
studies that were included in the review. All studies included
participants >35 years old with the race of participants being
White, Black, Indian, African, Malay, Chinese, Hispanic and
non-Hispanic adults.

Sarcopenia prevalence and associated factors

Some studies reported a significantly higher prevalence of
sarcopenia in HIV-infected individuals compared with
HIV-negative controls as follows: 24.2–6.7%,20 15–4%17 and
10–6%,12 respectively. Prevalence of sarcopenia in a cohort
study of 153 HIV-infected individuals and 153 HIV-negative
controls was 10% and 6%, respectively.12 In a cohort study
conducted between 362 HIV-infected individuals including
53.3% men and 44.7% women; and 247 HIV-negative con-
trols, including 65.5% men and 34.4% women, the prevalence
of sarcopenia in men was higher than women (16–66% vs. 0–

Table 1 Assessment of study quality using the Newcastle–Ottawa Scale (NOS)

Cohort studies

The first author (reference)
Selection
(out of 4)

Comparability
(out of 2)

Exposure/outcome
(out of 3)

Total score
(out of 9)

SitiAzdiahAbdol Aziz12 *** * ** 7
Deep Dutta13 *** * *** 7
Deep Dutta13 **** ** ** 8
Patricia Echeverría14 *** ** *** 8
Kristine M. Erlandson15 *** ** ** 7
Kellie L. Hawkins16 *** * *** 7
Catherine M. Jankowski17 *** ** *** 8

Cross-sectional studies

The first author (reference)
Selection
(out of 5)

Comparability
(out of 2)

Exposure/outcome
(out of 3)

Total score
(out of 10)

Sanches.de. Almeida18 **** ** *** 9
Celia L. Gregson19 **** ** *** 9
Lauro Ferreira Pinto Neto20 *** ** *** 8
Vitor H. F. Oliveira5 *** ** ** 7
Luciana Caroline Paulino do Nascimento21 **** ** ** 8
Luciana L. de Almeida22 **** ** *** 9
Krisann K. Oursler23 ***** ** ** 9
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47%).15 The prevalence of sarcopenia in 199 HIV-infected in-
dividuals was slightly higher than 200 HIV-negative controls,
41% vs 36%.16 One other study noted a greater discrepancy
of approximately 17.5%, among 33 HIV-infected individuals
and 60 HIV-negative controls (24.2% vs. 6.7%).20 The differ-
ence between the prevalence of sarcopenia between 27
HIV-infected individuals and 28 HIV-negative controls was ap-
proximately 11% (15% vs. 4%).17 In a cross-sectional study,
unlike previous studies, the sarcopenia prevalence was higher
in HIV-negative controls (7.3%) compared with HIV-infected
individuals (4.3%).19

A cohort study conducted among 153 HIV-positive and 153
HIV-negative subjects reported higher Body Mass Index (BMI)
as a promoting factor in sarcopenia, those who had higher
BMI were significantly prone to having sarcopenia.12 Also,
higher baseline cluster of differentiation 4 (CD4+) T-cell
count, longer exposure to D-drugs and lower gamma-

glutamyl transferase (GGT) level were sarcopenic-promoting
factors; however, they stated that those who have an occupa-
tion and higher education were significantly less likely to ex-
perience sarcopenia.12 Another study among 44 HIV-infected
adults reported that a calf circumference >31 cm and a gait
speed >0.8 m/s was associated with a lower incidence of sar-
copenia by 60% and 98%, respectively.18 Two studies re-
ported that osteoporosis was associated with sarcopenia
among PLWH. Female gender, age between 30 and 50 years,
more than 5 years since diagnosis of HIV infection, and total
cholesterol <140 mg/dL, and older than 50 years could be
promoting factors for sarcopenia in HIV-infected individual.14

Furthermore, a cross-sectional study of 44 HIV-infected sub-
jects with sarcopenia incidence of 25% showed that the pres-
ence of sarcopenia had a significant correlation with the CD4
cell count.18 A similar finding was reported in a cross-sec-
tional study conducted among 99 HIV+ individuals with a

Figure 2 PRISMA 2020 flow diagram of article selection process.
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mean age of 41 ± 11 years and sarcopenia and pre-sarcopenia
incidence of 18.2% and 16%, respectively.21

Viral load of 57% of HIV infected individuals was undetect-
able and they were receiving ART for 48 months. Also, sarco-
penia was significantly higher in those who were ˃65 years
old, had diabetes mellitus and were malnourished. In fact, el-
derly patients diagnosed with type 2 diabetes had a 30%
greater 3-year decline in muscle strength. Additionally, a
higher baseline CD4 + T-cell count was associated with a
greater incidence of sarcopenia.21 To support this, a study in-
dicated that weight and BMI were significantly lower when
there were lower levels of CD4 + T cells and the greatest
weight loss occurred when CD4 + T cells counts were lower
than 600 cells per millilitre. Low muscle strength was re-
ported as a significant factor of sarcopenia in a study which
was conducted among 302 HIV+ individuals with a sarcopenia
incidence rate of 4.3%, mean CD4 + count of 173, and 75.1%
undetectable viral load.24 A cross-sectional study conducted
among 101 HIV + individuals with a mean age of 57 ± 6 years
and sarcopenia and pre-sarcopenia rates of 12% and 16.9%,
respectively, reported high BMI, lower hip bone mineral den-
sity, elderly ages and multiple vertebral fractures as promot-
ing factors for sarcopenia.22 Cocaine or heroin use was re-
ported as a promoting factors of sarcopenia in a study with
31 HIV + African Americans and Caucasians with a 13% prev-
alence of sarcopenia and mean CD4 + count of 683.9 cells per
millilitre. Also, sarcopenia incidence was significantly higher
in African American individuals.23 Another cross-sectional
study of 33 HIV-infected persons with 24.2% and 12% preva-
lence of sarcopenia and pre-sarcopenia, respectively, re-
ported a strong positive association between the regular
use of ART and undetectable viral load with sarcopenia and
pre-sarcopenia.20

Discussion

This systematic review aimed to ascertain the prevalence of
sarcopenia in PLWH as well as factors associated with its pro-
motion and reduction. The introduction of ART has trans-
formed HIV, once perceived as a dreadful infection, into a
chronic disease.25 As ART prolongs the lifespan of an
HIV-infected person, its chronicity may present with a signifi-
cant decrease in muscle quantity or quality, muscle strength
and physical performance, which is otherwise known as
sarcopenia.26 There are limited data concerning the preva-
lence of sarcopenia in PLWH; even though similar to other
chronic diseases, this syndrome seems to occur more fre-
quently and at an earlier age than in the general population.
The findings of studies included in the present review indi-
cated a significant prevalence of sarcopenia among
HIV-positive individuals. The regular use of ART, osteoporosis,
high BMI, high baseline CD4 + T-cell count and being female

between 30 to 50 years were positively linked to the likelihood
of developing sarcopenia in an HIV-infected patient. Reducing
factors associated with sarcopenia in PLWH include a calf cir-
cumference>31 cm and being highly educated with good em-
ployment status. From an exercise prescription perspective,
interventions that improve body composition (reduced fat
mass and increased lean body mass), increase muscle strength
and decrease systematic inflammation appear to optimize the
skeletal muscle quality and general health of PLWH.

Sarcopenia prevalence and promoting factors

The variability of sarcopenia in the general population is well
acknowledged; and it is understandable why determining the
exact prevalence of sarcopenia in PLWH remains challenging.
The variability of sarcopenia prevalence in older adults is at-
tributed to factors such as age, underlying medical condi-
tions, social status and even gender.26–29 However, findings
from the present review indicate a substantial prevalence of
sarcopenia of at least 10% in HIV patients compared with
HIV-negative patients.12,17,20 Furthermore, PLWH are 2.2
times more likely to develop fractures than those without
HIV.30 Several studies have shown that HIV-infected patients
may experience significant bone loss throughout the disease;
as such, substantial efforts have recently been directed to-
wards preventing and managing bone diseases in PLWH.31

One underlying reason for the reduced bone health in PLWH
might be vitamin D deficiency, which is proven to be more
frequent in PLWH due to immune activation, ART exposure
and the increased probability of metabolic diseases.32 Hence,
one of the factors associated with sarcopenia is osteoporosis
as supported by some studies in this systematic
review.13,15,17,19

Other promoting factors worth discussing include age and
female gender. It has been shown that the females who test
positive for HIV, compared with males, have an increased risk
of developing sarcopenia. This risk has a positive correlation
with age and BMI.12 Cruz-Jentoft et al. and Pinto Neto et al.
further hypothesized that HIV patients with at least 5 years
post-diagnosis of this infectious disease are more prone to
developing sarcopenia.20,28 Findings from the Fat Redistribu-
tion and Metabolic Change in HIV Infection (FRAM) study in-
dicated that HIV positive men had less skeletal muscle mass
compared with individuals without HIV, but women with
HIV had a slightly greater skeletal muscle mass than those
without HIV. Although, over time, the skeletal muscle loss
(i.e., age-related) was similar irrespective of being HIV
positive.33 Many cross-sectional studies on the general popu-
lation have shown that men have larger muscle mass and
cross-sectional area values than women; and the largest mus-
cle cross-sectional area age-related changes occurred in men.
This liable gender difference in muscle mass loss due to aging
may be due to declines in testosterone, growth hormone and
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insulin-like growth factor.34 Further studies are needed to es-
tablish a direct gender-risk relationship with sarcopenia in
HIV patients. Nevertheless, HIV patients with a total choles-
terol <140 mg/dL, higher baseline CD4 + T-cell count, and
lower GGT levels seem to be more likely to develop
sarcopenia.12,14,18,35 Further, lower GGT levels may not di-
rectly be implicated in medical conditions, but its occurrence
together with other sarcopenic-promoting factors may put
PLWH at an increased risk of progressing to a sarcopenic
state. Hence, higher BMI, CD4 levels, and the duration of
ART usage are positively linked to sarcopenia in these
patients.

Sarcopenia reducing factors

The level of immune system activation in PLWH is high. Addi-
tionally, the incidence of a sedentary lifestyle and high-risk
behaviors is greater in PLWH compared with the general pop-
ulation. Hence, they are more prone to develop sarcopenia at
an earlier age compared with the general population.36 There
is no definitive cure for sarcopenia, however, accumulating
evidence supports that regular physical activity, in combina-
tion with appropriate nutritional support, is the gold standard
for improving sarcopenia and preventing disability.37 A re-
view by Naseeb and Volp indicated that high protein intake
(dietary or supplemental), would increase muscle mass, re-
duce muscle loss, trigger protein synthesis and improve phys-
ical performance.38 Consuming 1.3- to 1.4-g/kg protein per
day in healthy older adults is considered effective and safe
for improving lean body mass.

In regards to exercise ad physical activities, the WHO 2020
guidelines highlight exercise to be safe and effective for
PLWH, but the exercise recommendations for this clinical
population are vague and appear to be aligned with the
targeted exercise prescription for healthy adults.39 A system-
atic review concluded that either aerobic exercise or a combi-
nation of aerobic and resistance exercise is safe and can pro-
duce positive health and fitness effects in PLWH. Specifically,
three sessions per week over a minimum of 5 weeks can lead
to improvements in cardiorespiratory fitness, strength, body
composition and quality of life in this population.40 Also, it
has been shown that long-term aerobic exercise lessens mus-
cle strength reduction due to aging.38 However, due to its an-
abolic nature progressive resistance training is the most ef-
fective form of exercise to simulate muscle growth and is a
potent stimulus for augmenting muscle strength.41,42 A more
recent meta-analysis found that combined aerobic and resis-
tance training was the most effective exercise intervention to
improve cardiorespiratory fitness and health-related quality
of life.43 In addition, Ghayomzadeh et al. found that com-
bined training in PLWH increased muscle mass, reduced cir-
culatory levels of pro-inflammatory cytokines and improve
muscle function.3 Additionally, there were a number of par-

ticipants with pre-sarcopenic conditions in the combined
training group where this condition was reversed while no
change occurred in the control group. Regarding inflamma-
tory biomarkers one meta-analysis Ibeneme et al. reported
that aerobic, resistance or combination exercise two to five
times per week can improve cardiopulmonary function; how-
ever, they did not find any associated changes in inflamma-
tory biomarkers (IL-6 and IL-1β).44 Some studies have found
resistance training to be a better exercise option for muscle
mass and strength enhancement; however, careful manipula-
tion of exercise intensity, volume and progression is required
to ensure the programme is effective and safe. Details con-
cerning resistance training prescription (e.g., loads, repeti-
tions, sets, number of exercises, etc.) to prevent and manage
sarcopenia is comprehensively covered in the review by Law
et al. and may be applied cautiously to PLWH.45 In addition,
exercise can be effective for the improvement of some met-
abolic parameters, especially blood glucose and HDL in
PLWH. One systematic review of RCTs stated that combined
aerobic and resistance exercise have shown improvements
in blood glucose levels, high-density lipoprotein (HDL), triglyc-
eride (TG) and total cholesterol (TC), while aerobic exercise
only reported improvements in HDL and the resistance exer-
cise improved TG, TC, HDL and low-density lipoprotein
(LDL).46 However, due to methodological issues, small num-
ber of studies and differences in exercise protocols, these
findings should be interpreted with caution. One other study
concluded that PLWH under ART showed elevated levels of
advanced glycation end product (a risk factor for cardiovascu-
lar diseases, diabetes and other chronic diseases develop-
ment) when comparing with healthy subjects and physically
active HIV patients and found that short-term moderate-in-
tensity aerobic exercise counteracts this condition.47

Anabolic-androgenic steroids (AAS) use is another plausi-
ble treatment that could be used in PLWH because these
drugs can increase physical function and muscle mass.48 In
healthy adults, AAS have been shown to produce small in-
creases in muscle strength and moderate increase in lean
mass,49 while in older men with low testosterone similar pos-
itive effects have been shown following testosterone replace-
ment therapy.50 Although, a major obstacle to AAS use in a
sarcopenic population are the side effects and general
safety.49 Due to the increase risk of vitamin D deficiency in
PLWH, supplementation with vitamin D is a safe and effective
therapeutic agent to improve muscle strength in those peo-
ple with sarcopenia.51

Our systematic review found several reducing factors for
sarcopenia in PLWH. Half of these factors were related to
physical activity, both directly and indirectly. A sedentary life-
style and absence of physical activity are known causes of
muscle mass loss, which leads to a further reduction in phys-
ical activity.52 In addition to immunologic factors contributing
to the development of sarcopenia in HIV-positive patients,
these individuals are believed to have a more sedentary life-
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style compared with the general population due to the high
frequency of risk behaviors.36 Sarcopenia-associated alter-
ations in calf circumference and gait speed could be partly ex-
plained by the level of activity of the individuals. Additionally,
many previous studies have noted that improved muscular
function because of regular activity improves body composi-
tion and inflammatory state in HIV patients.4

Our results showed that higher education and employ-
ment are among factors associated with a lower incidence
of sarcopenia. Previous studies have demonstrated that
higher sociodemographic characteristics of patients reduce
the risk of developing sarcopenia in the general population.53

Although this association has not been explained previously,
these factors are the primary determinants of an individual’s
lifestyle (diet, physical activity, medication compliance, etc.).
We found that a higher BMI is associated with both increased
and decreased risk of sarcopenia development. These mixed
results could be due to several reasons, including, different
definitions of BMI proposed in the included studies as well
as BMI not being are liable index for measuring body compo-
sition (i.e., amount of fat relative to muscle mass). It should
also be considered that many PLWH suffer from lipoatrophy
to different extents caused by ART treatment and the disease
itself, which may influence how BMI scores are interpreted.

Due to the inability of BMI to appropriately unveil fat and
muscle mass in patients, in clinical practice, body composi-
tion is being used to better estimate sarcopenia. An explana-
tion for body composition compared with BMI being a better
predictor of sarcopenia is partly explained by the
anti-inflammatory and pro-inflammatory roles of muscle
and fat tissue, respectively. There are various methods to
evaluate body composition which rely on using different im-
aging modalities. Commonly used imaging modalities for
body composition analysis include whole-body dual-energy
X-ray absorptiometry (dual-X-ray absorptiometry [DXA or
DEXA]), computed tomography and magnetic resonance im-
aging. These modalities result in indices representative of
whole-body muscle mass and fat mass. One of the commonly
used indices is appendicular lean muscle mass and its deriva-
tives, which is the sum of lean muscle mass of both legs and
arms. Although, assessing body composition and its correla-
tion with muscle strength has remained an issue in the pre-
diction of sarcopenia, due to myosteatosis,54,55 however it
provides better prognosticating values than BMI.

The European Working Group on Sarcopenia in Older Peo-
ple (EWGSOP) use low muscle strength as the probable identi-
fication of sarcopenia (grip strength of <27 kg for males and
<16 kg for females), low muscle mass or quality as the confir-
matory criterion (ASM/height2 of <7.0 kg/m2 for males and
<5.5 kg/m2 for females), and decreased physical function (gait
speed of ≤0.8 m/s both for males and females) as an indicator
for defining severe sarcopenia.26 The Asian Working Group for
Sarcopenia (AWGS) describe it as low muscle mass (7.0 kg/m2

for men and 5.4 kg/m2 for women via the DXA, and 7.0 kg/m2

formen and 5.7 kg/m2 for women via bio-impedance analysis),
plus low muscle strength (<26 kg for men and <18 kg for
women), and/or low physical performance (gait speed of
≤0.8 m/s).56 The assessment criteria as per the Japan Society
of Hepatology (JSH) is low handgrip strength (<26 kg for males
and<18 kg for females) and lowmuscle mass (<7.0 kg/m2 for
males and <5.7 kg/m2 for females), respectively.57 Currently,
the criteria used to diagnose sarcopenia are based on older
adults, and as such, developing a diagnostic criterion for sarco-
penia in PLWH should be considered.

Limitations and general recommendations

This systematic review described the common factors associ-
ated with decreased muscle mass in both PLWH and the gen-
eral population, as well as some factors that appear to be
specific to PLWH. Our review provides a substantial global
representation from the studies that were analyzed. How-
ever, caution is warranted when interpreting the findings
from this review due to the low number of studies included
and lack of consistency with the type of outcomes reported.
The prevalence of sarcopenia reported in the included studies
appears to be influenced by various factors such as gender,
BMI and the use of ART. It is challenging to analyse and pro-
vide an exact prevalence of sarcopenia in PLWH. There is a
pressing need for further research on this topic to better un-
derstand the prevalence and associated promoting and re-
ducing factors for sarcopenia in PLWH, which may shed light
on potential interventions to improve clinical outcomes. Ad-
ditionally, it is recommended that the sarcopenia be assessed
by the operational definition of Baumgartner and the
EWGSOP according to gender in future studies. Although, it
would be ideal if work is commenced on the development
of a diagnostic criteria of sarcopenia for PLWH.

Conclusions

Given the importance and prevalence of sarcopenia among
PLWH and its associated consequences (i.e., mortality and
disability) determining its risk factors is of great importance.
Our study found that age (30–50 years), female gender,
>5 years post HIV diagnosis, a total cholesterol level of
<140 mg/dL, high BMI, higher baseline CD4 + T-cell count,
longer exposure to drugs and lower GGT level may be pro-
moting factors for sarcopenia in PLWH. Meanwhile; higher
education level, employment, calf circumference >31 cm,
gait speed >0.8 m/s, and BMI > 20 appeared to be reducing
factors for sarcopenia in this population. Combined training
(aerobic and resistance exercise) is a safe and effective treat-
ment for sarcopenia in PLWH. In addition, special attention
should be given to factors associated with sarcopenia in
PLWH that have been identified in the present review.
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