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Abstract

The epidemiological profile of people living with HIV (PLWH) has expressively changed since the introduc-
tion of antiretroviral therapy (ART), from a high mortality rate to a profile similar to those living with
chronic diseases. Despite the advances and effectiveness of ART, there are still various challenges to over-
come, and we highlight the increased risk of sarcopenia in PLWH. This review study aims to (i) explore the
pathophysiological background of sarcopenia in PLWH under the different existing ART and (ii) develop a
mini-systematic review searching epidemiological studies investigating sarcopenia prevalence in PLWH. As
our main findings: we established the risk of sarcopenia development, under a sequential path involving
HIV, ART, immune activation, low-grade systemic inflammation, metabolic disorders, and changes in protein
synthesis and breakdown in skeletal muscle tissue; some ART drugs, mainly reverse transcriptase inhibitors
and protease inhibitors, contribute to critical metabolic changes, lowering the autophagy, increasing mito-
chondrial dysfunction and insulin resistance, which favor the development of inflammation and muscle
protein breakdown. There is still insufficient data to discuss the effects of the new generation drugs,
namely integrase inhibitors and fusion inhibitors, on skeletal muscle. More studies are needed to better
clarify these relationships.
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ART can explain these effects, particularly a chronic
immune activation with a consequent low-grade sys-
temic inflammation (LGSI)2. One of the relevant out-
comes of this is the increased risk of developing
muscle disorders such as sarcopenia.

Sarcopenia is a progressive and generalized skeletal
muscle disorder, now recognized as a disease (ICD-
10-CM - M62.84)3. Its definition changed throughout
the years, from emphasizing the reduced muscle mass
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Throughout the last decades, the development and
improvements of HIV antiretroviral therapies (ART)
enormously changed the epidemiological course of the
persons living with HIV (PLWH) by lowering the viral
load and consequently reducing AlDS-related mortal-
ity!. However, despite the important benefits of ARTs,

many side effects of these drugs have been observed,
contributing to the development of non-AlDS-related
chronic diseases. Several physiological responses to
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to poor muscle strength and low muscle mass. This
disease is generally associated with aging (primary
sarcopenia), but its development can begin earlier in

Received in original form: 12-03-2021
Accepted in final form: 11-05-2021
DOI: 10.24875/AIDSRev.21000018



AIDS Reviews. 2022;24

life due to many contributing causes beyond aging
(secondary sarcopenia); it increases the likelihood of
adverse outcomes such as physical frailty, disabilities,
and mortality®.

Many authors have identified a high prevalence of
sarcopenia, or low muscle mass, in PLWH?*, reinforcing
the importance of understanding this issue. Despite
this, studies discussing the different ART-related effects
on muscle are still scarce. This manuscript aims to
explore the pathophysiological background of sarcope-
nia in PLWH and the association with the current ARTs.
To achieve this aim, we divided the study into two parts:
(i) a narrative review of physiological mechanisms to
understand the relationship between HIV, ART, and
sarcopenia (ii) a mini-systematic review searching epi-
demiological studies investigating sarcopenia in PLWH.
Considering that the definition of sarcopenia changed
very recently, we will include in this review, besides
studies with the new definition, studies with the oldest
ones, most of them focusing only on muscle mass.

Part 1. Physiological relationship between
HIV, ART, and skeletal muscle disorders

Skeletal muscle is the body’s most abundant tissue
and is involved in several functions. Skeletal muscle is
a primary target for glucose and lipid uptake, plays a
vital role in immunoregulation, and is determinant for
physical performance; these factors are associated
with functionality, cardiorespiratory capacity, quality of
life, and longevity®. It has been demonstrated that
greater muscle mass at midlife is associated with suc-
cessful aging in menS.

The body muscle mass decreases approximately 1-2%
per year after 50 years old in HIV-uninfected people. The
nadir of muscle mass occurs at about the age of 80 years
old®. Notably, the loss of muscle strength, so-called dy-
napenia, occurs between 2 and 5 times faster than mus-
cle mass loss®. Both muscle mass and strength losses
have been associated with several metabolic disorders
and raise the odds of diseases, incapacities, and mortal-
ity>. Several factors are associated with muscle changes,
such as physical exercise (type, intensity, and frequen-
cy), dietary and sleep patterns, illnesses, licit and illicit
drugs, and neuronal disorders®. Imbalances in skeletal
muscle turnover, namely, blunted muscle protein synthe-
sis and increased protein breakdown, are reported in
aging and pathological conditions’.

Moreover, the motor unit (a primary functional com-
ponent of the neuromuscular system for generating
strength and movement) and satellite cells decrease

with aging. The myosin heavy chain isoform lla, short-
ening of sarcomere length, and high fat infiltration in
muscle tissue appear to be contributors or parallel
factors to muscle atrophy®. Interestingly, muscle-relat-
ed changes especially occur in type Il fibers, mainly
responsible for muscle strength®.

Aging, systemic inflammation, and skeletal
muscle: similarities between normal aging
and HIV infection

Aging is characterized by an LGSI status, a process
named inflammaging?®; it is part of the immunosenes-
cence and includes organs with immunometabolic ac-
tivity, such as adipose tissue and gut®. In turn, PLWH
presents a persistent residual HIV infection, together
with the ART effects, responsible for a persistent im-
mune activation and, consequently, an LGSI. Some
authors named this process “InflammAIDS8” and a
hypothesis of anticipated aging in PLWH has been
commonly accepted. Below, we will describe some
features of inflammaging and the correspondent as-
pects of HIV infection.

Aged (senescent) cells

An essential characteristic of aging, both chronologi-
cal and pathological, is cell senescence. Among vari-
ous features, senescent cells reduce the capacity of
dealing with antigenic molecules, metabolites, apop-
totic cells, and other so-called danger-associated mo-
lecular patterns (DAMPSs). In response to these patterns,
the cells activate the inflammasomes?®. Inflammasomes
are multiprotein complexes capable of activating intra-
cellular pathways and consequently nuclear factors
(such as the nuclear factor kappa-beta [NF-kB]), in-
creasing the expression and secretion of inflammatory
cytokines (for instance, interleukin [IL]-6, IL-8, and II-1a.
and tumor necrosis factor [TNF-a])®. Notably, the in-
crease in TNF-o. gene expression interacts negatively
with proteins related to muscle protein synthesis (pro-
tein kinase B)®. In addition, NF-xB activates a protea-
some-dependent pathway for protein degradation
(through binding to a molecule represented by
MuRF1)°. This process is accompanied by reactive
oxygen species production that increases the muscle
protein breakdown. Furthermore, the inflammasome
activation reduces the expression of genes involved in
autophagy, constituting, therefore, a vicious cycle
which, among other consequences, fuels oxidative
stress, and muscle protein breakdowng.
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Comparatively, PLWH presents a reduction in au-
tophagy and impairs cellular removal of debris
(DAMPs). Furthermore, the persistence of HIV in some
cells can constitute a so-called pathogen-associated
molecular pattern (PAMP); thus, DAMPs and PAMPs in
PLWH's cells lead to a senescent phenotype.

Increased body fat

Another concept included in inflammaging is an in-
crease and redistribution of body fat. The high-fat con-
tent of adipose tissue leads to the recruitment of
M1-type macrophages'!, changing the adipocytokines
secretion; there is a decrease of the anti-inflammatory
molecules (i.e., adiponectin and IL-10) and an increase
in the pro-inflammatory ones (i.e., IL-1f, IL-6, TNF-q,
C-reactive protein [CRP], and among others)'".

In PLWH, some ART drugs, such as protease inhibi-
tors (Pls) and reverse transcriptase inhibitors, and
some of the newest generation drugs (integrase inhibi-
tors [lls]) increase the body fat content'. The increased
body fat leads to the LGSI, enhancing the risk of de-
veloping insulin resistance and diabetes, increasing
the risk of reducing muscle strength and quality's.
Therefore, fat accumulation in PLWH creates an inflam-
matory environment similar to the aging process'2.

Leaky gut

The aging process changes the bacterial profile of
gut microbiota and enhances the immune activation,
changing tolerance of gut-associated lymphoid tissue
(GALT). These changes weaken the gut epithelium’s
barrier function, which increases intestinal permeabil-
ity, allowing the passage of bacterial fragments to the
bloodstream™. The most studied bacterial fragment
from the intestine is lipopolysaccharide (LPS), from
Gram-negative bacteria’s outer membrane'. Similarly,
in PLWH, the primary HIV infection and replication oc-
cur in GALT, leading the intestinal epithelial cells to be
compromised, increasing gut permeability with conse-
quent LPS translocation. Although the ART drugs im-
prove gut immune activation, they cannot return to
basal (pre-infection) levels™.

Once in the circulation, LPS binds to specific pattern-
recognizing receptors in different body tissues. Skeletal
muscle has both receptors for LPS and cytokines (i.e., toll-
like receptor-4 and TNF-a receptor, respectively); the
signaling pathway of these receptors activates protein
kinases, which can phosphorylate the insulin receptor
substrate-1  (IRS-1), decreasing insulin  signal

transduction, impairing, among many metabolic path-
ways, the protein synthesis™. Furthermore, activation of
both receptors can trigger the inflammatory cascade me-
diated by the NF-kB, leading to the above-described
responses. Furthermore, metabolic endotoxemia pro-
voked by LPS is associated with high body fat, glucose
intolerance, raised pro-inflammatory mediators, and mac-
rophages’ infiltration in adipose tissue, constituting, there-
fore, a vicious cycle'.

We can put together, at this point, immune activation,
gut permeability, increased adiposity, insulin resis-
tance, reduced protein synthesis, and increased pro-
tein degradation. In skeletal muscle cells, these
interrelated processes are explanations for the re-
duced quantity and quality of muscle mass, or sarco-
penia. Recently, Natsag et al. (2017)' verified, in a
multicenter cross-sectional study, that PLWH present-
ed low muscle density, accompanied by a high fat
infiltration; these changes were related to insulin resis-
tance and low activity of enzymes involved in lipid
metabolism'®. Therefore, ectopic fat accumulation in
muscle can be a crucial factor for muscle-related dis-
orders, mainly due to the increased inflammatory
process'.

Immune activation, inflammatory
environment, and skeletal muscle in PLWH

Erlandson et al. (2013)"7 showed in PLWH that low
CD4+/CD8* T-cells ratio, the high CD38/HLA-DR ex-
pression on CD8* T-cells, and the high IL-6 levels were
associated with increased odds of low functional status
(odds ratio [OR], > 1.1 for all analyses). The same
authors found that reduced levels of IGF-1 (OR 5.0;
95% confidence interval [Cl]: 1.4-20.0) and IGF-1 bind-
ing protein-3 (OR 3.3; 95% Cl: 1.7-9.9) were associ-
ated with low functional capacity, and both were
associated with increased inflammatory status'®. In
contrast, other authors verified that although inflamma-
tory mediators (i.e., soluble CD14, CRP, and IL-6) and
immunosenescent phenotype (by CD57*) were high in
PLWH than HIV-uninfected subjects, none of these bio-
markers were associated with physical performance in
21 years old (54-69 years) PLWH under ART',

Langkilde et al. (2015)% verified that IL-6 and soluble
urokinase plasminogen activator receptor were signifi-
cantly associated with low muscle mass index.
Recently, de Almeida et al.?" pointed out that high CRP
levels were associated with sarcopenia in PLWH, rein-
forcing the relationship between inflammation and
sarcopenia.
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Inflammaging and hormones related to
skeletal muscle metabolism

High blood levels of inflammatory molecules promote
the reduction of the action of anabolic hormones such
as IGF-1 and reduction in myoblast determination pro-
tein-1 (MyoD-1), both molecules necessary for prolif-
eration and differentiation of satellite cells?®. Therefore,
we can infer that both aged persons without HIV and
PLWH present hormonal disturbances related to com-
promised muscle maintenance.

The statements above clarify that muscle disorders,
including sarcopenia, are shared by aging and HIV
infection under ART. Discussions about muscle mass
disorders in PLWH began before ART development
when AIDS-associated cachexia was frequently identi-
fied. HIV infection was recognized as a wasting dis-
ease, which can directly affect the functionality, leading
to a risk of physical dependency and anticipation of
death?,

Participation of the ART on some
deleterious effects in skeletal muscle

At present, there are six classes of drugs used in
ART, developed according to the stages of viral repli-
cation. Briefly, the nucleoside or nucleotide reverse
transcriptase inhibitors (NRTIs) compete with natural
deoxynucleotides for incorporation into a growing viral
DNA chain, preventing viral DNA formation®. The non-
nucleoside reverse transcriptase inhibitors (NNRTIs)
inhibit the reverse transcriptase after binding and form
a hydrophobic pocket proximal to the active site, lead-
ing to a change in the substrate-binding site structure
and reducing the polymerase activity®*. Integrase inhi-
tors (lls) act negatively on the enzyme integrase,
whose function is to catalyze the viral DNA and transfer
the strand from the 3’ end of the final processing; they
bind to the specific complex between integrase and
viral DNA, blocking the viral replication process?.
Protease inhibitors (PIs) inhibit the HIV-1 protease en-
zyme responsible for breaking down the gag and viral
gag-pol polyprotein precursors during the maturation
of the virus. The entry inhibitors are subdivided into
fusion inhibitors (Fls), which binds to gp41 and dis-
rupts membrane attachment, and chemokine
Receptor-5 (CCR-5) antagonists, which block the CCR
receptor on the T-Cell to prevent viral attachment?*. It
is recommended to combine different drug classes in
the ART, and the more common combinations include

two NRTIs and another drug that can be NNRTIs, Pls,
or lls. Furthermore, according to the individual's re-
sponsiveness to ART, it is possible to use one entry
inhibitor2*,

The different ART categories are pointed to reduce
the amount and function of proteins and enzymes that
regulate muscle tissue’s metabolism, consequently de-
creasing muscle functionality. These risks assume par-
ticulars importance in PLWH facing concomitant
disorders related to the aging process®. The effects
of ARTs on mitochondrial functioning are associated
with muscle metabolism. For instance, The Pls, espe-
cially the early generation (i.e., indinavir and full-dose
ritonavir), can inhibit essential proteins of energy me-
tabolism and promote several negative metabolic
changes, culminating in ART-associated chronic dis-
eases. Adverse changes in the gene expression of
several proteins responsible for mitochondrial biogen-
esis and the lower mitochondria efficiency led to in-
creased intramuscular metabolites such as reactive
oxygen species, increasing the senescent feature of
the cells. Besides, excessive accumulation of intramus-
cular triacylglycerol can compromise oxidative effi-
ciency and increase the inflammatory status and insulin
resistance’®.

Moreover, reduced autophagy mediated by ARTs and
the consequent accumulation of DAMPs triggers sys-
temic inflammation. Likewise, ART-related effects on gut
microbiota could increase leaky gut and inflammatory
status. Together, these alterations are suggested to miti-
gate, by several pathways, muscle protein synthesis
and, in parallel, increase the activity of muscle protein
breakdown. Table 1 presents a summary of studies
evaluating the relationship between ART's and disorders
potentially associated with skeletal muscle diseases,
mainly sarcopenia. Moreover, in figure 1, we summarize
the mechanisms explaining sarcopenia risk in PLWH.

Part 2. Studies investigating the
prevalence of sarcopenia in PLWH

In the last decade, HIV-associated sarcopenia has
been described more frequently by researchers in the
field. The understanding of sarcopenia-related param-
eters in PLWH under ART has increased in the last
decade, showing that insufficient muscle mass and
strength contribute to other conditions. However, the
disagreements between the appropriate methods to
evaluate and diagnose this disease turn it challenging
to compare the different studies, both in HIV-infected
and non-infected persons. This issue is highlighted by
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Table 1. Studies investigating the ART’s effect on indicators of sarcopenia

ART Class Drug Mechanism of action Outcome Sample Reference
NRTI AZT Changes in mitochondria Negatively affect In vitro/ 26
quality and mitochondria mitochondria electron in vivo
complex | and I activity transport chain
mtDNA depletion and Accumulation of In vitro 27
autophagy decreases dysfunctional mitochondria
and increase in ROS
production
Decreased muscle mtDNA Reduction of oxidative In vivo 28
efficiency
Blunted cytochrome oxidase Decrease 40% of In vivo 29
activity and mtDNA mitochondrial volume
fraction
AZT induces mitochondrial Decrease muscle In vivo 30
defects primarily in muscles performance during a
with the highest oxidative contractile activity at 2 and
capacities 5 Hz
AZT affect muscle mtDNA AZT decreases muscle Humans 31
mtDNA by DNA polymerase
gamma in vitro
PI IDV Pl negatively affect proteins Indinavir decreased MPS In vitro 32
involved in MPS and MBP (42%) compared with
control and reduced elF4F
complex
Effect of Pl on glucose Indinavir decreases GLUT-4 In vivo 33
uptake on the cell surface
Insulin resistance and low High glucose levels, In vivo 34
MPS insulinemia and HOMA, low
testosterone levels, and
basal MPS
Indinavir induces insulin Indinavir increases fasting Humans 35
resistance in HIV- glucose, insulin,
noninfected subjects insulin:glucose ratio and
HOMA index
sSQv, r, IDV, - Gain in fat mass without Humans 36
nelfinavir or changes in LBM
combinations
LPV/r or ATV/r Lopinavir induces insulin ATV/r reduced visceral fat, Humans 37
resistance improved muscle glucose
uptake and lipid profile
r, ATV, LPV e Lower expression of CD-36 Less oxidation of fatty acids Humans 38
DRV and CPT-1 and increased fatty acids in
the blood and accumulation
in the liver and muscle
RAL + ATV/r Atazanavir improves insulin DRV/r reduced muscle Humans 39
or DRV/r sensitivity density

(Continues)
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Table 1. Studies investigating the ART’s effect on indicators of sarcopenia

Pl + NRTI IDV; SQV; r, Pl and NRTI, glycemic and
and 3TC lipid profile, and body
composition
Pl only; PI Two protease -
+ NRTI + inhibitors or 2
PI; PI NRTI + 1
+NNRTI protease
inhibitor, or 2
NRTIs + 1
nonnucleoside
NNRTI
Pl vs. Nelfinavir; Verify the effect of ART on
NNRT vs. IDV; EFZ; body composition after
Pl plus NVP; 4-month and 5-year
NRTI delavirdine; follow-up
AZT + 3TC;
d4T + 3TC;
ABC + 3TC;
ABC + d4T
Pl or ATV/r or EFZ Speculate increased chronic
NNRTI + TDF /FTC or inflammatory process
plus NRTI ABC/3TC
or only
NNRTI
NRTI, INTI, TDF/FTC plus Limited data on the effect
and Pl ATV/r or DRV/r of integrase inhibitors
and RAL and NRTI has been linked

with lipoatrophy, while
Pl has been linked with
hyperlipotrophy

Pl, not 3TC, worsens Humans 40
glycemic and lipid profile
regardless of body
composition changes
HAART was associated with Humans 41
LBM increases in men,

without differences in

women

PI, NNRTI, or PI plus NNRTI
increases FFM, without
differences between
groupsw

Humans 42

Increase in LBM in the first Humans 43
96 weeks ART use with
consequent reduction after

96 weeks

ATZ/r, RAL, and DRV/r
increases LBM, without
differences between groups

Humans 44

LATV: atazanavir; AZT: zidovudine; r: ritonavir; DRV: darunavir; TDF: tenofovir; 3TC: lamivudine; ABC: abacavir; FTC: emtricitabine; EFZ: efavirenz; IDV: indinavir;
LPV: lopinavir; SQV: saquinavir; NVP: nevirapine; ROS: reactive oxygen species; mtDNA: mitochondrial DNA; elF4F: eukaryotic initiation factor 4F; GLUT-4: glucose
transporter type 4; HOMA: homeostasis model assessment; LBM: lean body mass; HAART: highly active antiretroviral therapy; FFM: fat-free mass.

the experts responsible for the last updated consensus
about sarcopenia, the European Working Group on
Sarcopenia in Older People (EWGSOP2)°,

Previous studies verified that PLWH under ART pres-
ents less muscle strength?, although others have seen
no difference compared with HIV-uninfected subjects*®.
The loss of muscle strength has shown an association
with several muscle-related disorders, and EWGSOP2
considers as the primary parameter to be assessed for
sarcopenia diagnosis®. Functionality analysis is crucial
since systematic reviews and meta-analyses found that
in PLWH, muscle strength and aerobic capacity are
lower than in non-infected controls*’.

Due to biochemical changes in muscle tissues, poor
muscle strength and reduced aerobic capacity are
commonly found simultaneously. In this context,

Ortmeyer et al. (2016)'® described that the activity of
some enzymes responsible for energy metabolism,
namely B-HAD and Citrate Synthase, and peak oxygen
consumption (VO,,,,) was lower in PLWH compared
to healthy counterparts. Moreover, lower muscle plas-
ticity commonly observed in older adults seems to
occur in PLWH, as demonstrated by Jankowski et al.
(2020)*8. The authors evaluated aged PLWH after
24 weeks of physical exercise (n = 18; ART > 2 years)
and compared with HIV-uninfected subjects (n = 21);
they observed that adaptations promoted by training
are much more relevant in HIV-uninfected subjects®.
Considering the lower responsiveness to exogenous
stimuli promoted to maintain muscle functionality even
in ART subjects, understanding these changes is
essential.
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Figure 1. Potential mechanisms of action to explain sarcopenia in PLWH.

Created with BioRender.com. 1. HIV promotes changes in the gut microbiota shape and intestinal epithelial cells, increasing the leaky gut
process. The translocation of metabolites (i.e., LPS) promotes immune activation in immune and non-immune cells, such as skeletal muscle.
Inflammation in muscle tissue increases oxidative stress and insulin resistance (with bidirectional interface), which may reduce MPS. 2.
Chronic immune activation increases LGSI, which can decrease the activity of substances responsible for MPS (i.e., IGF-1, MyoD, and
Satellite Cells). 3. LGSI and ART modify adipose tissue functionality, which can lead to insulin resistance and increase the circulation of
FFA, which act as inflammatory triggers, creating a vicious cycle. 4. Ectopic fat accumulation due to adipose tissue dysfunction can promote
muscle protein turnover changes, increasing MPB. 5. ART promotes mitochondrial damage (i.e., toxicity, less efficiency, and less mi-

tophagy) by increasing muscle tissue inflammation.

Trying to identify studies investigating the preva-
lence of sarcopenia in PLWH, we performed a litera-
ture search exclusively in the PubMed database,
adopting MeSH terms for HIV and sarcopenia respec-
tive entry terms; the search included articles pub-
lished up to January 2021, without the previous
restriction of date. Sixty-two studies were found, and
after analyzing the title and summary, 20 studies were
selected for reading in full. After this step, we choose
the studies that took sarcopenia (regardless of the
diagnostic criteria) as a primary or secondary out-
come, which resulted in 13 studies described in ta-
ble 2. Below, we highlight the main features of these
studies.

Several criteria were used to diagnose pre-sarcope-
nia and sarcopenia, being (i) European Working Group
on Sarcopenia in Older People 1 (EWGSOP 1); (ii)
European Working Group on Sarcopenia in Older
People 2 (EWGSOP 2); (iii) Foundation of the National
Institutes of Health Sarcopenia Project (FNIH); (iv)
Sarcopenia Definitions and Outcomes Consortium
(SDOC); (v) Asian Working Group for Sarcopenia
(AWGS); (vi) and Baumgartner’s criteria. It is important
to note that numerous factors can modify the preva-
lence of sarcopenia. For instance, lean mass can be
assessed by electrical bioimpedance (BIA) and energy
X-ray absorptiometry (DXA). Muscle strength can be
assessed by the grip strength or chair stand test.
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dos-Santos-Quaresma, Lima-Ribeiro: Sarcopenia in persons living with HIV

Finally, physical performance can be assessed by Gait
speed and Short Physical Performance Battery (SPPB).
Several studies use only one parameter (i.e., lean body
mass) to define sarcopenia; others added muscle
strength or muscle function. Still, parameter sequence
can change pre-sarcopenia and sarcopenia defini-
tions. For example, ENGSOP1 considered lean body
mass as a primary outcome, while EWGSOP2, a re-
vised definition of sarcopenia, recommends low mus-
cle strength as the primary outcome, making the
prevalence of sarcopenia heterogeneous across stud-
ies. EWGSOP2 has resulted in a lower sarcopenia
prevalence in HIV-uninfected subjects®.

Buehring et al. (2012)*° found in PLWH a prevalence
of sarcopenia of 21%, considering only Baumgartner’s
criteria. Erlandson et al. (2013)'® evaluated body com-
position by DXA and functionality by Short Physical
Performance Battery and the 400-m walk. The authors
found that using appendicular skeletal muscle index
cut points, 27 (35%) of all subjects met the criteria for
low muscle mass, and 15 (50%) of the low function
subjects were classified as sarcopenic. Still, the au-
thors found higher odds for lower lean mass in subjects
with low function (OR 2.5; 95% CI: 1.0-6.1).

Wasserman; Segal-Maurer; Rubim (2014)%° verified
20% (95% CI: 12.5-31.9%) and 5% (95% Cl: 1.4-12.3%)
of pre-sarcopenia and sarcopenia prevalence, respec-
tively. Pre-sarcopenia was defined operationally as low
skeletal muscle index only, and sarcopenia was defined
operationally as low skeletal muscle index and low mus-
cle strength or performance. Furthermore, considering
EWGSOP1 criteria, other authors found 24.2% (n = 8)
and 6.7% (n = 4) of sarcopenia prevalence in PLWH
and HIV-uninfected subjects, respectively®'. Thus, stud-
ies that consider only muscle mass as a criterion for
defining sarcopenia found higher prevalences®.

Echeverria et al. (2018)% observed that the prevalence
of sarcopenia (definition based only on low appendicular
muscle mass) was 25.7% (95% Cl 22.8-28.7) in PLWH.
The authors also showed that the higher time that lasted
from the HIV diagnosis (> 5 years) increased the risk of
sarcopenia (1.78; 95% CI 1.31-2.41; p < 0.001).

Hawkins et al. (2018)% defined sarcopenia as ap-
pendicular skeletal muscle index < 7.26 kg/m? using
DXA scan. In contrast, considering only Baumgartner’s
criteria, sarcopenia prevalence was higher in HIV-
uninfected subjects (21%) versus PLWH (17%).
Interestingly, when stratified by visceral adipose tissue
> 130 cm? sarcopenia prevalence was higher in
PLWH (n = 25; 14%) versus HIV-uninfected (n = 15;
8%), suggesting that high visceral adiposity with a

more inflammatory status could increase sarcopenia
prevalence. Similarly, Abdul Aziz et al. (2018)%°, using
the AWGS as definition criteria, verified that HIV-
uninfected individuals had lower muscle mass than the
infected individuals 9.56 (8.46-10.64) kg/m? and
10.08 (8.28-11.24) kg/m?, respectively. When stratified
by < 50 years old, 7 (7%) PLWH and 7 (7%) HIV-
uninfected subjects presented sarcopenia, but when
stratified by 50 years or older, 8 (17%) PLWH and only
2 (4%) HIV-uninfected presented sarcopenia.

Considering Baumgartner’s criteria, some studies
found that 27.8% of PLWH met the definition of sarco-
penia®’, while others found only 13% prevalence of sar-
copenia®. Interestingly, EWNGSOP 2 appears to reduce
the prevalence of sarcopenia, being verified that 16%
and 12% met the criteria for pre-sarcopenia and sarco-
penia, respectively?'. Likewise, Oliveira et al. (2020)%,
using EWGSOP1 and EWGSOP2, evaluated sarcopenia
prevalence in PLWH. The prevalence of pre-sarcopenia
was 9.6% and 5.6% for ENGSOP1 and EWGSOP2, re-
spectively. Sarcopenia prevalence was 4.3% and 1%
considering EWGSOP1 and EWGSOP2, respectively.

Erlandson et al. (2020)* found no differences in
strength and gait speed between people without HIV.
Applying EWGSOP1 criteria, the prevalence of sarco-
penia in men and women with HIV was 12 and 3%,
respectively. In HIV-uninfected subjects, the preva-
lence of sarcopenia in men and women was 7 and 3%,
respectively. According to the FNIH criteria, the preva-
lence of sarcopenia in men and women with HIV was
11 and 3%, respectively. In HIV-uninfected subjects,
the prevalence of sarcopenia in men and women was
8 and 1%, respectively.

A recent systematic review and meta-analysis ob-
served 24.1% (95% Cl: 17.8-31%) prevalence of sar-
copenia in PLWH. The authors also found that the
prevalence was higher when considering only muscle
mass (28.8%; 95% Cl: 24-34.1%), while studies that
defined sarcopenia by reducing muscle mass and
function found an average prevalence of 13.2% (95%
Cl: 5.2-22.9%). Finally, studies considered to be of
high methodological quality have a lower average
prevalence (18%; 95% ClI. 5.4-33.2%) versus moderate
(27.6%; 95% Cl. 20.3-35.5%) and low quality (27.5%;
95% Cl. 22-33.5%). From the studies that compared
the prevalence of sarcopenia in people with or without
HIV, it can be seen that the prevalence of sarcopenia
in HIV-uninfected subjects is 11.1% (95% CI: 1.4-
26.5%); therefore, PLWH has 2.4 higher odds for sar-
copenia (95% Cl: 1.1-5.3)%°. Another recent systematic
review and meta-analysis assessing the prevalence of
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sarcopenia in PLWH verified that the frequency of sar-
copenia defined by low muscle mass (Baumgartner’s
operational definition) alone was 30.3% (95% CI: 24.3-
37.1%) and the frequency of sarcopenia defined by
low muscle mass with low muscle strength (EWGSOP
definition) was 4.5% (95% Cl: 1.3-13.9%)%".

In vitro studies

In vitro studies that evaluated the potential effects of
ARTs (especially NRTIs and Pls) on muscle tissue
identified mitochondrial damage?, reduced complex |
and Ill activity in the electron transport chain®, impair-
ment autophagy?’, an increase of reactive oxygen spe-
cies, and blunted of muscle protein synthesis®.

In vivo non-human studies

In vivo studies also evaluated ART’s effect. Several
metabolic alterations were verified, such as anabolic
muscle resistance?®, smaller mitochondrial biogenesis®,
insulin resistance®33 and lower testosterone levels®.

Figure 2 presents the potential ART's mechanisms
that could affect the skeletal muscle.

Human studies

Human studies did not directly assess the relation-
ship between ARTs and sarcopenia (considering the
combined criteria); they only associated with sarcope-
nia-isolated parameters (i.e., lean body mass, muscle
strength, or physical function). Therefore, studies are
needed for more specific associations between ARTs
and sarcopenia.

One of the initial studies investigating ART’s effect
on muscle mass was published in 1991%'. The authors
evaluated the muscle (removed by biopsy) of 9 PLWH
treated with AZT for 9-18 months and 2 PLWH who did
not receive the therapy. The authors pointed that PLWH
treated with AZT reduced their mtDNA. First-generation
ARTs, mainly NRTI (zidovudine, zalcitabine, didano-
sine, and stavudine), generated mitochondrial dys-
function, impairing oxidative capacity leading to clinical
manifestations such as exercise intolerance, H* ac-
cumulation, and muscle acidosis®.

Silva et al. (1998)% evaluated Pls (saquinavir, ritona-
vir, indinavir, nelfinavir, or combinations) effect on the
lean body mass of adult subjects. The authors found
an increase in fat mass without changes in lean body
mass. It is believed that changes in fat mass can be
attributed to insulin resistance. The same adverse

effects on glucose metabolism were seen in vitro and
in vivo studies using indinavir in humans®.

Mulligan et al. (1999)%° compared groups treated
with Pls (n = 20; 16 indinavir; 2 saquinavir; 2 ritonavir),
NRTIs (n = 9; lamivudine plus other NRTI), and control
group (n = 12; stable ART’s other than Pls or lamivu-
dine 3TC). The intervention time was 3.4 + 0.5 and
48 + 1.2 months in Pls and 3TC, respectively.
Regarding LBM, the authors observed changes of
+1.1 £ 0.6, +0.1 £ 0.6, and -0.1 £ 0.5 in the Pls, 3TC,
and control groups, respectively, with no statistical dif-
ference between the groups. In addition, the authors
found insulin (+12.2 + 4.9 uU/mL), triacylglycerol
(+53 £ 17 mg/dL), and LDL-cholesterol (+18 + 5 mg/dL)
increases in the Pls group, with no difference in the
other groups. Thus, they conclude that the use of Pls
worsened the metabolic profile, regardless of changes
in body composition.

Similarly, other authors have found that PLWH Pl users
(ritonavir, atazanavir, lopinavir, and darunavir) had lower
expression of proteins responsible for lipids’ metabo-
lism, such as CD-36 and carnitine palmitoyl transfer-
ase-1, essential for skeletal muscle fatty acid oxidation.
The lower efficiency in lipid oxidation has been associ-
ated with lipolysis, high free fatty acids circulation, intra-
hepatic, and muscular fat accumulation®.

Moreover, obesity prevalence’s increased in recent
years in PLWH. Weight gain involves subcutaneous
and visceral fat depot increases®®. High adiposity is
attributed, at least in part, to adverse-related ART regi-
mens®. For instance, INSTI-based regimens were as-
sociated with weight gain; however, mechanisms are
unclear, speculating effects on thermogenesis, appe-
tite, energy regulation, or direct effects on adipose
tissue®. Katlama et al. (2020)%* verified in 165 PLWH
with viral suppression that Pl switch for raltegravir and
etravirine increased by 12% total, trunk and limb fat
mass after 96 weeks. High adiposity can lead to ecto-
pic fat accumulation, including muscle tissue.
Intramuscular fat accumulation incurs muscle-related
dysfunctions (i.e., increased inflammation, insulin resis-
tance, and mitochondrial damage). The interaction be-
tween obesity and sarcopenia is widely discussed, with
several suggested mechanisms, mainly related to the
effects of inflammation, insulin resistance, and lower
IGF-1 levels, stimulating muscle protein degradation
and reducing muscle protein synthesis!®16,

Few studies verified the effect of ART on lean mass,
being observed a positive association between the
trunk and leg lean mass and ART, especially in men*'.
Shlay et al. (2007)* evaluated 422 antiretroviral-naive



dos-Santos-Quaresma, Lima-Ribeiro: Sarcopenia in persons living with HIV

Lower mitochondrial Reduction of Reduced gut
biogenesisand  complex I and Il Microbiota

Inhibit autophagy dysfunction activity diversity

@

\\: High levels of ROS and ‘/

mfammatory mediators

\\> Reduction of muscle mass/strength 4/

and functionality

ART
Blunted MPS  Fat gain and decrease

@crs
.

a, S
g f

.-, FFA oxidation  Insulin resistance Low testosterone

T E
T

Fat infiltrate into skeletal muscle

Figure 2. Potential mechanisms of ART’s drugs associated with muscle metabolism. Created with BioRender.com.

Over the years, several ART’s and combinations have been proposed to reduce viral replication and restore the immune system. It is not
clear how these drugs have modified and still modify substances responsible for muscle protein turnover. 1. ART appears to reduce au-
tophagy, increasing the accumulation of damaged molecules (DAMPS), which can maximize the inflammatory process. 2. The mitochon-
drial inefficiency generated by ART can contribute to the accumulation of intramuscular lipids responsible for insulin resistance and inflam-
mation in muscle tissue. 3. ART increases the production of ROS, contributing to oxidative stress. 4. Directly, ART can reduce the gene
expression of proteins involved in MPS. 5. The lower uptake and oxidation of peripheral lipids explains, at least in part, LGSI and the increase
in fat infiltrate in the muscle. 6. ART, mainly protease inhibitors, are associated with insulin resistance, a crucial factor for MPB. 7. There
is evidence that ART also negatively affects testosterone, an essential hormone for MPS. 8. The reduction in functionality can occur from
these various changes mentioned, leading to less muscle tissue use, culminating in a muscle catabolic environment.

patients who were randomized into three groups, be-
ing: PI (n = 141; nelfinavir; indinavir; ritonavir-boosted
PI); NNRTI (n = 141; efavirenz; nevirapine; delavirdine);
or some Pl (described above) + combination of NNRTI
(n = 140; AZT +3TC; stavudine [d4T] +3TC; abacavir
+3TC; abacavir + d4t). After 4 months, the authors
found an increase in FFM in the PI group (1.2 kg) in
the NNRTI group (1.43 kg) and the PI + NNRTI group
(1.04 kg) with no statistical difference between groups.
After 5 years, the authors observed an increase in FFM
of 1.92, 2.02, and 1.79 kg in the PI, NNRTI, and PI +
NNRTI groups, respectively, without statistical
difference.

Previous studies verified metabolic parameters after
switching from lopinavir/ritonavir to atazanavir/ritonavir
(ATV/r). The combination of ATV/r reduced visceral fat,
improved muscle glucose uptake and lipid profile®.

These findings were confirmed more recently, ATV/r im-
proved glucose metabolism and reduced insulin resis-
tance, suggesting more negative effects on lopinavir
use®. Thus, it is not possible to infer that all Pls have the
same effects on body composition and metabolism.
Adrian et al. (2020)* found that darunavir/ritonavir
(DRV/r) were associated with low lateralis muscle den-
sity (-2.43; SE =1.07; p = 0.024) and high intermuscular
lateralis fat area (1.64; SE =0.80; p = 0.041). This finding
suggests negative effects of DRV/r combination on
muscle mass and fat mass. Still, muscle density (psoas
and paraspinal) was positively associated with short
physical performance physical battery (SPPB) and grip
strength evaluation in men. Paraspinal muscle density
was positively associated with SPPB and of women.
Therefore, it is possible to infer that the different
combinations of Pls have different effects on the
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muscle. While ATV/r improves glucose metabolism,
DRV/r is associated with lower muscle density. This
effect may be due to DRV only. Finally, raltegravir use
was negatively associated with intermuscular psoas fat
area. Raltegravir, an lls, is still little explored despite
the effects on body composition.

In Grant et al. (2016)* study, ART-naive subjects were
randomized to ATV/r or efavirenz (EFV) combined with
either tenofovir/emtricitabine (TDF/FTC) or abacavir/lami-
vudine (ABC/3TC). During the first phase of the interven-
tion, HIV-infected subjects increased LBM (0.53 vs.
0.06 kg/year; 95% ClI for difference: 0.12, 0.82 kg/year;
p = 0.008) versus non-infected subjects. In the second
phase (> 96 weeks), however, HIV-infected individuals
lost LBM in comparison to HIV-uninfected controls
(-0.28 vs. 0.06 kg/year; 95% ClI for difference: —0.51,
-0.18 kg/year P <0.001). These data suggest that chroni-
cally, ART appears to have negative effects on LBM. In
addition, the authors found no relationship between the
ART type and changes in skeletal muscle. These findings
are confirmed in other studies, being verified an increase
in FFMin ATZ/r (2 + 5.8%), raltegravir (2 + 6%), and DRV/r
(1.2 £ 6.4%) groups; however, they did not observe dif-
ferences in LBM between groups over 96 weeks*.

Conclusion

Living with HIV and the aging process share similar
metabolic and inflammatory changes that, by them-
selves, could justify the increased risk of sarcopenia in
PLHW. Besides, PLWH in ART, despite the numerous
benefits on the immune system and survival, have to live
with the side effects of the treatment, including chronic
diseases and skeletal muscle changes. However, there
is still a lack of studies investigating the effects of the
virus with ART on skeletal muscle metabolism. For now,
it is possible to infer that living with HIV under ART is
associated with persistent metabolic changes, such as
lower efficiency in autophagy, insulin resistance, and
mitochondrial dysfunction, increasing inflammation, and
muscle protein breakdown. The inflammaging (and in-
flammAIDs) anticipate the aging process changes, and
the adipose tissue, the gut microbiota, and some ART-
drugs (NRTI, especially AZT and Pls) are involved in
those processes. Concerning the new generations of
drugs, mainly INIs and Fls, there is still insufficient data
to assess skeletal muscle effects. More targeted studies
to confirm antiretroviral drugs’ effect on skeletal muscle
mass, strength, and functionality, are needed to clarify
the relationship between HIV, ART, and sarcopenia.
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