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Abstract There has been speculation that chronic HIV in-
fection is a condition of accelerated aging that may lead to
early onset of disease in multiple organ systems. The neu-
romuscular disorders of HIV, in particular distal symmetric
polyneuropathy and myopathies, are also seen in the general
population among older patients. As the HIV-infected pop-
ulation ages, there may be deleterious synergistic effects of
age and chronic HIV infection on the brain, peripheral
nerve, and muscle. In this review, we explore commonalities
between the clinical features and putative mechanisms of
neuromuscular disorders and HIV.
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Introduction

HIV-positive patients are living longer due to highly active
antiretroviral therapy (HAART). However as a consequence
of this longevity, individuals are accruing multiple comorbid
illnesses, many of which are typically associated with older
age such as cardiovascular disease, cancer, and osteoporo-
sis. This phenomenon has led to speculation that HIVand its
treatment may cause accelerated aging. The lay press has
referred to the phenomenon as “the new AIDS epidemic”
(New York Magazine; November 1, 2009). Neuromuscular

disorders, such as peripheral neuropathy, are common in
both HIV-infected individuals and the elderly and are associ-
atedwith aging within the HIV population. This epidemiologic
data suggests the potential for common mechanisms underly-
ing these disorders (Table 1). In this article, we review the
neuromuscular complications of HIV with an emphasis on the
potential role of aging.

Peripheral neuropathy

Clinical characteristics

Distal symmetric polyneuropathy (DSP), also referred to as
HIV-associated sensory neuropathy, is the most common neu-
romuscular complication of HIV. Prevalence estimates vary
based on the definition of DSP used and the overall health of
the population but usually fall between 30–60% (Evans et al.
2011; Ellis et al. 2010). Primary HIV-associated DSP (HIV-
DSP) and antiretroviral therapy-associated toxic neuropathy
(ATN) are the twomost common etiologies; however, they are
not readily distinguishable (McArthur et al. 2005). Most com-
monly, ATN is associated with dideoxynucleoside analogues
(d-drugs), including stavudine, didanosine, and zalcitabine
(McArthur et al. 2005; Cornblath and Hoke 2006). While
the use of d-drugs has dramatically declined in the developed
world due to the availability of less toxic alternative anti-
retroviral therapy (ARV), they remain in common use in the
developing world.

While many individuals with DSP are asymptomatic,
most present with bilateral numbness, paresthesias, and
dysesthesias in the distal lower extremities. It is unknown
why some patients have painful symptoms and others do
not. In DSP related to diabetes, local hemodynamic changes
are under study (Quattrini et al. 2007). Neurologic exami-
nation reveals decreased vibration, temperature, and pin-
prick sensation in a stocking distribution, reduced or
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absent ankle reflexes, and relative preservation of motor func-
tion (Cornblath and McArthur 1988; Schifitto et al. 2002). In
more severe cases, signs and symptomsmay extend further up
to the legs or involve the hands. However in many patients,
the symptoms are mild and do not progress. Some patients
may even show signs of improvement (Simpson et al. 2006).
While the diagnosis of DSP is usually apparent based on
history and neurological examination, the diagnosis can be
confirmed by nerve conduction studies/electromyography
(NCS/EMG) and skin punch biopsy evaluating epidermal
nerve fiber density (ENFD) (Zhou et al. 2007). Common
abnormalities include decreased or absent sural sensory nerve
action potential on NCS and decreased ENFD.

In the pre-HAART era, risk factors for HIV-DSP included
age, nutritional deficiencies, alcohol exposure, and lower
CD4 count (Childs et al. 1999). In the HAART era, the risk
factors include age over 40 years, history of diabetes, nadir
CD4 count of <50 cells/mm3 and viral load of >10,000
copies/ml (Lichtenstein et al. 2005). In addition, concurrent
use of protease inhibitors in conjunction with dideoynuclo-
side analogues has been associated with higher odds of ATN
(Evans et al. 2011).

Pathophysiology

HIV-DSP is a length-dependent degeneration of large mye-
linated and small unmyelinated nerve fibers consistent with
a “dying back” phenomenon (Cavanagh 1964). However,
unlike most other peripheral neuropathies, there is also some
evidence of cell death at the neuronal level (Cornblath and
Hoke 2006) and degeneration of the rostral gracile tract
(Rance et al. 1988).

Proinflammatory cytokines, including tumor necrosis
factor-α, interferon α, interleukin 6, and inflammatory
mediators like nitric oxide, have been found in dorsal root
ganglia of some patients (McArthur et al. 2005). Animals
and in vitro models seeking to explore the role of neuronal

damage in HIV-DSP have shown that the HIV envelope
protein, gp120, induces inflammation and indirect neuronal
injury via perineuronal Schwann cells in dorsal root ganglia
(Keswani et al. 2003), leading to neuronal cell death and
secondary axonal degeneration (Melli et al. 2006). However,
recent work supports a localization of the primary pathology
to the distal axon. In a study of peripheral nerves taken at
autopsy from HIV-positive individuals with and without DSP,
increased levels of mitochondrial DNA mutations were seen
in those with DSP, suggesting that mitochondrial dysfunction
and energetic failure in the distal axon could be responsible
for DSP (Lehmann et al. 2011). This mechanism is particu-
larly attractive because it accounts for the length-dependent
pattern observed in HIV-DSP. There is little evidence of direct
infection of neurons by HIV, with a paucity of virus in the
peripheral nerves of these patients (Brinley et al. 2001).

In vitro studies of ATN suggest a pathophysiological
mechanism distinct from that due to gp120 (McArthur et
al. 2005). Exposure to dideoxynucleosides has been associ-
ated with inhibition of gamma DNA polymerase leading to a
reduction of the amount of mitochondrial DNA (Chen and
Cheng 1989) and mitochondrial metabolic abnormalities
(Brinkman et al. 1998).

The effect of aging on HIV neuropathies

Normal aging is associated with peripheral neuropathy.
Studies of asymptomatic, healthy elderly people show a
high prevalence of clinical signs of diminished peripheral
nerve function (e.g., loss of ankle reflexes and diminished
distal sensation) and a decline in neurophysiologic parame-
ters including sensory nerve and compound muscle action
potentials and conduction velocity on nerve conduction
studies (Bouche et al. 1993; Jacobs and Love 1985;
Vrancken et al. 2002). Corresponding pathologic changes
in sural nerve specimens include decreased density of large
and small myelinated fibers and increased nuclear density
(Jacobs and Love 1985). Intraepidermal nerve fiber density
in the distal part of the leg may be diminished (Umapathi et
al. 2006; Goransson et al. 2004). This pattern of abnormal-
ities is consistent with a length dependent, axonal process
similar to that observed in HIV (Herrmann et al. 2006).

Age is recognized as a risk factor for HIV-DSP in mul-
tiple studies (Ellis et al. 2010; Lichtenstein et al. 2005;
Morgello et al. 2004). A recent large cohort study of 2,141
patients examined the prevalence of and risk factors for
peripheral neuropathy in HIV-infected individuals who ini-
tiated ARV therapy between 2000 and 2007 (Evans et al.
2011). After 3 years of therapy, 32% of subjects had evi-
dence of peripheral neuropathy while 9% were symptomat-
ic, despite immune reconstitution with CD4 >350 cell/mm3

and HIV-1 RNA <400 copies/ml. Older age was associated
with both peripheral neuropathy and symptomatic

Table 1 Potential mechanisms of neuromuscular disorders common to
HIV infection and aging

Mechanism

Distal symmetric polyneuropathy Mitochondrial dysfunction

Greater burden of comorbidities
(e.g., diabetes, renal impairment)

Polypharmacy

Immunosenesence

Metabolic disorders of muscle Medication toxicity

Hormonal changes

Chronic Inflammation

Accumulation of visceral adipose

Autonomic changes
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neuropathy, after adjusting for covariates. In addition, in-
creasing age was associated with increased odds of periph-
eral neuropathy and symptomatic neuropathy among those
prescribed neurotoxic ARV, and lower odds of recovery
despite the withdrawal of neurotoxic ARV.

There are several potential explanations for the associa-
tion of age with HIV-DSP including increasing burden of
comorbid disease, mitochondrial dysfunction, and immuno-
senescence (discussed below). As the HIV population ages,
age-associated comorbidities, long-term toxicity from ARV,
and the physiological changes of the senescence process
will likely play increasingly important roles in their health
outcomes. Older individuals with HIV infection have more
coronary artery disease, hypertension, hypercholesterol-
emia, diabetes, and renal disease than younger individuals,
and these burdens increase with every decade of life (Vance
et al. 2011). Diabetes and chronic renal disease, both known
to be associated with peripheral neuropathy may increase
the risk of HIV-DSP. In addition the number of prescribed
medications increases with age, thus increasing the potential
for drug–drug interactions and adverse effects (Vance et al.
2011). Many commonly used medications have well-
documented neurotoxic side effects, for example vincristine.

The aging process itself may also contribute to the de-
velopment of HIV-DSP. Although the mechanisms underly-
ing aging are incompletely understood, a role for free
radicals is likely. According to the free radical theory of
aging, senescence is the result of accumulation of damage
from oxidative stress (Harman 2001). As oxidative phos-
phorylation in the mitochondria contributes to the bulk of
reactive oxygen species in the cell, the free radical theory of
aging can be perceived as a mitochondrial theory of aging
(Hofhaus et al. 2003). Other theories of aging also involve
the mitochondria. The mitochondrial–lysosomal axis theory
of aging explains the accumulation of lipofuscin, undegrad-
able oxidative products of oxidative stress that contribute to
the aging of cells (Brunk and Terman 2002). In addition, the
accumulation of damage to mitochondrial DNAwith age may
trigger cell death (Hofhaus et al. 2003). Thus mitochondrial
abnormalities associated with aging may accelerate the mito-
chondrial abnormalities seen in the distal axon in HIV-DSP.

The phenomenon of immunosenesce may also be rele-
vant in the pathophysiology of HIV-DSP and other neuro-
muscular complications of HIV. Immunosenescence refers
to changes in innate and adaptive immune function associ-
ated with age that may lead to increased susceptibility to
infection, malignancy, and autoimmunity. These changes are
myriad and incompletely understood but include decreased
production of IL-2 and IL-2 receptor (Bestilny et al. 2000;
Fagnoni et al. 2000), leading to T cell dysfunction with a
shift from a naïve to a memory T-cell phenotype (Negoro et
al. 1986), increased levels of some proinflammatory cyto-
kines, and decreased CD4/CD8 ratio (Deeks 2011). In

addition, age-related low-grade chronic inflammation
includes a decline in adaptive immune response and con-
current upregulation of the innate response (Giunta et al.
2008). Some of these changes resemble those found in HIV-
positive persons, which is not surprising since it has been
hypothesized that immunosenesence is related to chronic
antigenic stimulation, for example chronic cytomegalovirus
infection. Thus age-related immunologic senescence may
compound HIV-associated immune dysfunction. Older indi-
viduals who are chronically infected may have a depletion
of CD4+ T cells and delayed immune reconstitution following
the initiation of HAART. In individuals with untreated HIV,
chronic immune activation results in accelerated aging of T
cells and is associated with faster disease progression (Cao et
al. 2009). Immunosenescence has been examined in other
forms of neuropathy including vasculitic and paraproteinemic
neuropathies (Pletz et al. 2003). Potential mechanisms by
which immunosenescence might lead to neuropathy include
less specific inflammatory reactions or increases in antibodies
which target neural or vascular epitopes. The role of immu-
nosenescence in HIV-DSP is speculative, but to the extent that
immune-mediated mechanisms are involved in its develop-
ment, immunosenescence might be an exacerbating factor.

HIV-infected individuals, particularly those with poorer
immune function, are at risk for neuropathic complications
of other infectious agents, particularly varicella zoster virus
(VZV) and cytomegalovirus (CMV). Prior to the initiation
of routine vaccination in 1995, VZV was typically acquired
in childhood. Following the acute illness (chicken pox),
VZV becomes dormant in dorsal root ganglia. Reactivation
typically occurs in older adults due to waning cellular im-
munity, resulting in herpes zoster, a painful vesicular rash in
a dermatomal distribution, also known as shingles (Oxman
et al. 2005). Neuropathic pain commonly persists even after
the lesions have healed, a condition known as postherpetic
neuralgia. The CDC currently recommends vaccination
against VZV for all adults over the age of 60 (Harpaz et
al. 2008). Herpes zoster is also common in HIV-infected
individuals, even those with relatively preserved immune
function. However since the vaccination is a live attenuated
virus, it is not routinely given to HIV-positive patients due
to safety concerns. Thus these patients may be at particular
risk for herpes zoster as they age. A clinical trial evaluating
the safety and efficacy of the VZV vaccine in HIV-infected
individuals was recently completed and results are expected
soon (http://clinicaltrials.gov/ct2/show/NCT00001125).

According to the CDC, 50–80% of adults have serologic
evidence of CMV infection. Chronic latent CMV infection
has been implicated as a stimulus responsible for the low-
grade inflammation seen with aging and associated with
increased cardiovascular risk (Simanek et al. 2011). In
HIV, CMV typically reactivates in the setting of profound
immunocompromise, typically with CD4+ cell counts of
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<50/mm3. Upon reactivation, CMV can affect multiple or-
gan systems causing, for example, retinitis and gastroenter-
itis. CMV can also infect peripheral nerve directly, leading
to inflammation and necrosis (Said et al. 1991). Clinically
CMV neuropathy typically presents with motor and sensory
deficits in the distribution of the infected nerves or nerve
roots. These syndromes are not seen in the healthy elderly,
but may become an issue in the aging HIV population.

Treatment

There is currently no neuroregenerative treatment available
for HIV-DSP and so treatment is focused on alleviation of
the associated neuropathic pain. The selection of appropriate
neuropathic pain treatment in the older patient requires
careful consideration. Older persons are particularly suscep-
tible to medication side effects such as sedation, confusion,
or urinary retention. They also may be taking more medi-
cations than younger patients, increasing the risk of harmful
drug interactions. Among the agents commonly used to treat
neuropathic pain, particular caution should be used with the
tricyclic antidepressants in older patients. Gabapentin, with
some evidence for efficacy in painful HIV DSP, has dem-
onstrated reasonable safety and tolerability in the elderly
(Rowan et al. 2005). A high concentration capsaicin patch
showed significant pain reduction in a controlled trial of
painful HIV DSP (Simpson et al. 2008). A single 30-min
local application of this topical agent to the feet provides at
least 3 months of pain relief without systemic side effects.
This may be particularly helpful in older patients who may
be more vulnerable to side effects of medication.

HIV-associated myopathy

HIV-associated myopathy (HAM) is clinically and patho-
logically similar to polymyositis. It is characterized by a
slowly progressive weakness of proximal limb muscles
(Simpson and Bender 1988). Daily activities that are partic-
ularly affected by proximal weakness include arising from a
low seat, climbing stairs, or holding the arms aloft. Other
symptoms of myopathy include fatigue, myalgia, muscle
cramps, and dysphagia. Neurological examination reveals
symmetric weakness of proximal muscles, including neck
flexors, with preserved deep tendon reflexes and sensation
unless there is coexistent DSP. Laboratory evaluation typi-
cally reveals increased creatine kinase levels and myopathic
changes on EMG. The diagnosis may be confirmed by
muscle biopsy revealing myofiber degeneration associated
with inflammatory infiltrates of T cells and macrophages
(Illa et al. 1991).

HAM is sufficiently rare that the epidemiology is uncer-
tain. There is no clear association with age and in fact the

disorder was more common prior to the advent of ARVs
when most HIV-infected individuals were young. However
polymyositis in the general population is associated with
older age. One large epidemiologic study found that the
mean age of adult patients with polymyositis to be 60
(Bernatsky et al. 2009). The phenomenon of immunosenes-
cence, discussed above, may play a role in autoimmunity in
aging. Explanatory mechanisms include loss of self-
tolerance and alteration of apoptosis in T cells leading to
autoimmune diseases by an accumulation of clonal cells
(Prelog 2006). The effects of aging on an immune system
already compromised by HIV and reconstituted with
HAART might be expected to heighten the risk of autoim-
mune diseases such as polymyositis. However it is unclear
that this is the case since HAM continues to be quite rare,
despite the aging of the HIV population.

Due to the rarity of HAM, the prognosis and best course
of treatment are not well established. One series of 13 US
patients found that over half of those treated with cortico-
steroids attained complete remission and were able to dis-
continue therapy after a mean of 9 months (Johnson et al.
2003). In another study of 14 HIV-positive African women
with biopsy documented myositis, 9 improved with steroids.
The outcome was not available for the remaining five
(Heckmann et al. 2010).

Metabolic disorders of muscle in HIV

Aging is associated with changes in body composition in-
cluding decreased muscle mass and increased adiposity
(Boirie 2009). Loss of muscle mass is considered an impor-
tant cause of disability in the elderly and has been referred to
as sarcopenia of aging when muscle loss occurs in isolation
and sarcopenic obesity when it is accompanied by an in-
crease in adipose tissue (Schrager et al. 2007). Similar
changes in body composition have been recognized in
HIV (Yarasheski et al. 2011). Muscle wasting was observed
commonly in the early AIDS epidemic, usually in associa-
tion with advanced disease and overall weight loss. Al-
though muscle wasting still occurs in the HAART era, it is
now more often accompanied by accumulation of adipose,
particularly in the abdominal region, resulting in no net
change in weight or weight gain. The fullest form of these
body composition changes is the lipodystrophy syndrome
which is characterized by redistribution of fat from the limbs
to the trunk and viscera accompanied by hyperlipidemia and
insulin resistance (Carr et al. 1998). The similarity of body
composition changes in HIV to those observed in the elderly
may be an example of accelerated aging in HIV. The etiol-
ogy of muscle loss in HIV and aging and the reason for its
association with changes in fat distribution are not fully
understood. In some HIV-infected patients with wasting
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syndrome, defined as a greater that 10% loss of body
weight, muscle biopsy revealed features of HIV myopathy
(Simpson et al. 1990). The complex metabolic interplay
between muscle and visceral and peripheral adipose and
the role of hormonal and autonomic regulation are under
study.

Sarcopenia of aging is thought to be due to age-related
changes in hormone levels and sensitivity to hormones as
well as chronic low-grade inflammation associated with
aging (Boirie 2009). Similar mechanisms have been cited
in HIV-associated muscle loss. Hormonal factors include
increased cortisol production, testosterone deficiency, and
perturbation in the growth hormone/insulin-like growth
factor-I axis (Coodley et al. 1994a). Results of clinical trials
of tesamorelin, a growth hormone releasing hormone ana-
log, have provided additional evidence of the importance of
hormones in the regulation of body composition in HIV
(Falutz et al. 2010). Patients with lipodystrophy who re-
ceived tesamorelin experienced an increase in lean body
mass, a decrease in visceral adipose tissue, a decrease in
inflammatory markers, and no change in subcutaneous adi-
pose. These changes were largely reversed after the drug
was discontinued. Inflammatory mechanisms of sarcopenia
of aging include myofibrillar protein degradation and de-
creased protein synthesis promoted by the proinflammatory
cytokines TNF-α, IL-1, and IL-6 (Boirie 2009). Similar
cytokine abnormalities have been proposed as a mechanism
of muscle loss in HIV (Coodley et al. 1994b). Chronic viral
infection in HIV-positive patients provides a clear source of
inflammation. In aging, the accumulation of visceral adipose
has been proposed as a source of chronic inflammation.
Visceral adipose secretes a number of active mediators
including TNF-α and IL-6 (Wajchenberg 2000). This may
have direct relevance to lipodystrophy in which visceral
adiposity is a prominent feature.

Inflammation, loss of muscle, and accumulation of vis-
ceral adipose can form a deleterious positive feedback loop
in both sarcopenic obesity and the lipodystrophy syndrome.
Visceral adipose appears to be relatively protected from
insults that damage peripheral adipocytes, such as ARV or
chronic inflammation. This resistance may be due to the
trophic effect of local hormonal factors such as higher
density of glucocorticoid receptors (Wajchenberg 2000)
and increased ability to enzymatically convert cortisone to
cortisol via 11β-hydroxy reductase (Bujalska et al. 1997).
When peripheral adipocytes are damaged, they release lipid
which may be taken up by myocytes or by visceral adipo-
cytes. Both have metabolic consequences. Intramyocellular
lipid is increased in HIV-positive patients with lipodystro-
phy (Luzi et al. 2003; Torriani et al. 2006) and may alter
glucose entry and metabolism in the myocyte contributing to
insulin resistance (Gan et al. 2002). More visceral adipose
leads to increased production of proinflammatory cytokines,

which is one mechanism by which visceral adipose increases
cardiovascular risk (Van Gaal et al. 2006).

In addition to the potential role of inflammation, the meta-
bolic effects of ARVs on muscle and adipose tissue have been
extensively documented. The best example of ARV toxicity in
muscle is the myopathy associated with high-dose AZT. Short-
ly after its introduction in 1987, several cases of a necrotizing
myopathy were reported (Van Gaal et al. 2006). Theories as to
the mechanism of the myopathy abounded and included:
mtDNA depletion, AZT-induced oxidative stress, direct inhi-
bition of mitochondrial bioenergetic machinery, depletion of L-
carnitine, and myofiber apoptosis (Scruggs and Dirks Naylor
2008). Notably HIV-infected patients with myopathy who
have not been exposed to AZT or d-drugs may show similar
mitochondrial abnormalities on muscle biopsy (Morgello
et al. 1995), suggesting that HIV itself is toxic to the mitochon-
dria. Modern HAART regimens do not include AZT at doses
sufficient to cause clinical myopathy; however, subtler
metabolic changes likely persist. For example, ARVs have
been reported to decrease the activity of glucose transporter 4
in the myocyte cell membrane, leading to decreased glucose
uptake, insulin resistance, and hyperinsulinemia (Sathekge et
al. 2010). ARVs also have multiple potentially deleterious
effects in adipose tissue. ARVs may alter adipocyte gene
expression leading to derangement in lipid metabolism within
the adipocyte and secretion of proinflammatory cytokines
(e.g., TNF-α and interleukin-6) (Pacenti et al. 2006; Lihn et
al. 2003). ARVs may also lead to mitochondrial toxicity in
adipose causing compromise of metabolic pathways and
increased cellular apoptosis (Buffet et al. 2005).

In summary, HIV-positive patients may show body com-
position changes typically seen in older adults, including
muscle loss and increased adiposity especially visceral adi-
pose. These changes may be initiated by the inflammatory
effects of HIV, by hormonal changes or by toxic effects of
ARV. Once initiated the process of muscle loss and shift of
adipose centrally may be self-perpetuating. It is likely that as
HIV-positive patients age, this process will become more
pronounced and could lead to significant disability.

The role of the autonomic nervous system

Changes in autonomic nervous system function are ob-
served with advancing age. Cardiovagal modulation of heart
rate is diminished, as is sudomotor function (Low et al.
1997). Counterintuitively, sympathetic activity is increased
as demonstrated by studies of muscle sympathetic nerve
activity (Ng et al. 1993). This increase in sympathetic ac-
tivity is associated with both cardiovascular disease and
body composition changes although authors have differed
as to causality. For example, Christou and colleagues have
focused on obesity as a cause of cardiovagal dysfunction
and proposed that decline in cardiovagal function observed
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in aging might be explained by increased adiposity in the
elderly (Christou et al. 2004). Others have pointed to the
autonomic nervous system as a mechanism by which obe-
sity and age might lead to cardiovascular disease (Skrapari
et al. 2007). Finally, autonomic neuropathy has long been
recognized in diabetes, a metabolic consequence of obesity
(Low et al. 2004).

If HIV indeed contributes to accelerated aging, and is
associated with metabolic abnormalities, one might expect
significant autonomic dysfunction in HIV-positive popula-
tions, especially considering the high prevalence of peripheral
neuropathy in HIV and the frequent comorbidity between
peripheral and autonomic neuropathy in other diseases. Early
literature reported that autonomic neuropathy was common in
HIV-positive patients (Cohen and Laudenslager 1989;
Freeman et al. 1990). While these results have not been
consistently reproduced in the HAART era (Sakhuja et al.
2007; Compostella et al. 2008), there are several studies from
the cardiac literature that demonstrate cardiovagal autonomic
dysfunction in HIV as reflected by decreased heart rate vari-
ability (Lebech et al. 2007; Mittal et al. 2004).

There are several reports examining the role of the auto-
nomic nervous system in the lipodystrophy syndrome. The
autonomic nervous system is an important determinant of
body composition. Adipose tissue is innervated by both
sympathetic and parasympathetic fibers and in turn produ-
ces endocrine and metabolic factors that may feed back to
the hypothalamus (Fliers et al. 2003a). In general, sympa-
thetic innervation promotes lipolysis and parasympathetic
activity promotes fat accumulation. However these effects
differ in visceral versus subcutaneous adipose, for example,
visceral adipocytes are more sensitive to catecholamine-
induced lipolysis (Wajchenberg 2000). Fliers and colleagues
examined the somatotopic arrangement of autonomic neu-
rons in the brainstem and found that neurons bound for
visceral adipose were anatomically distinct from those
bound for subcutaneous adipose. They hypothesized that
the lipodystrophy syndrome might be a selective autonomic
neuropathy (Fliers et al. 2003b). Later work has found some
alteration in cardiovagal modulation in the lipodystrophy
syndrome (Chow et al. 2006).

Conclusion

In many ways, the complications of chronic HIV infection in
nerve and muscle resemble those of aging. These likenesses
are apparent clinically and include a length-dependent axonal
peripheral neuropathy and loss of muscle mass associated
with accumulation of central adiposity. There are similarities
in underlying mechanisms as well, including mitochondrial
dysfunction, immunosenesence, and changes in hormonal and
autonomic function. These similarities raise the concern that

aging in the HIV-infected population may be a harmful syn-
ergy that leads to a greater prevalence of neuromuscular dis-
eases. However there is also the potential that recognition of
discoveries in the field of aging will lead to further under-
standing of the neurological complications of HIV.

References

Bernatsky S, Joseph L, Pineau CA, Belisle P, Boivin JF, Banerjee D et
al (2009) Estimating the prevalence of polymyositis and derma-
tomyositis from administrative data: age, sex and regional differences.
Ann Rheum Dis 68:1192–1196

Bestilny LJ, Gill MJ, Mody CH, Riabowol KT (2000) Accelerated
replicative senescence of the peripheral immune system induced
by HIV infection. AIDS 14:771–780

Boirie Y (2009) Physiopathological mechanism of sarcopenia. J Nutr
Health Aging 13:717–723

Bouche P, Cattelin F, Saint-Jean O, Leger JM, Queslati S, Guez D et al
(1993) Clinical and electrophysiological study of the peripheral
nervous system in the elderly. J Neurol 240:263–268

Brinkman K, ter Hofstede HJ, Burger DM, Smeitink JA, Koopmans PP
(1998) Adverse effects of reverse transcriptase inhibitors: mito-
chondrial toxicity as common pathway. AIDS 12:1735–1744

Brinley FJ Jr, Pardo CA, Verma A (2001) Human immunodeficiency
virus and the peripheral nervous system workshop. Arch Neurol
58:1561–1566

Brunk UT, Terman A (2002) The mitochondrial–lysosomal axis theory
of aging: accumulation of damaged mitochondria as a result of
imperfect autophagocytosis. Eur J Biochem 269:1996–2002

Buffet M, Schwarzinger M, Amellal B, Gourlain K, Bui P, Prevot M et al
(2005) Mitochondrial DNA depletion in adipose tissue of HIV-
infected patients with peripheral lipoatrophy. J Clin Virol 33:60–64

Bujalska IJ, Kumar S, Stewart PM (1997) Does central obesity reflect
“Cushing’s disease of the omentum”? Lancet 349:1210–1213

Cao W, Jamieson BD, Hultin LE, Hultin PM, Effros RB, Detels R
(2009) Premature aging of T cells is associated with faster HIV-1
disease progression. J Acquir Immune Defic Syndr 50:137–147

Carr A, Samaras K, Burton S, Law M, Freund J, Chisholm DJ et al
(1998) A syndrome of peripheral lipodystrophy, hyperlipidaemia
and insulin resistance in patients receiving HIV protease inhibitors.
AIDS 12:F51–8

Cavanagh JB (1964) The significance of the “dying back” process in
experimental and human neurological disease. Int Rev Exp Pathol
3:219–267

Chen CH, Cheng YC (1989) Delayed cytotoxicity and selective loss of
mitochondrial DNA in cells treated with the anti-human immu-
nodeficiency virus compound 2′,3′-dideoxycytidine. J Biol Chem
264:11934–11937

Childs EA, Lyles RH, Selnes OA, Chen B, Miller EN, Cohen BA et al
(1999) Plasma viral load and CD4 lymphocytes predict HIV-
associated dementia and sensory neuropathy. Neurology
52:607–613

Chow DC, Wood R, Grandinetti A, Shikuma C, Schatz I, Low P (2006)
Cardiovagal autonomic dysfunction in relation to HIV-associated
lipodystrophy. HIV Clin Trials 7:16–23

Christou DD, Jones PP, Pimentel AE, Seals DR (2004) Increased
abdominal-to-peripheral fat distribution contributes to altered au-
tonomic–circulatory control with human aging. Am J Physiol
Heart Circ Physiol 287:H1530–7

Cohen JA, Laudenslager M (1989) Autonomic nervous system
involvement in patients with human immunodeficiency virus
infection. Neurology 39:1111–1112

336 J. Neurovirol. (2012) 18:331–338



Compostella C, Compostella L, D’Elia R (2008) The symptoms of
autonomic dysfunction in HIV-positive Africans. Clin Auton Res
18:6–12

Coodley GO, Loveless MO, Nelson HD, Coodley MK (1994a) Endocrine
function in the HIV wasting syndrome. J Acquir Immune Defic
Syndr 7:46–51

Coodley GO, Loveless MO, Merrill TM (1994b) The HIV wasting
syndrome: a review. J Acquir Immune Defic Syndr 7:681–694

Cornblath DR, Hoke A (2006) Recent advances in HIV neuropathy.
Curr Opin Neurol 19:446–450

Cornblath DR, McArthur JC (1988) Predominantly sensory neuropa-
thy in patients with AIDS and AIDS-related complex. Neurology
38:794–796

Deeks SG (2011) HIV infection, inflammation, immunosenescence,
and aging. Annu Rev Med 62:141–155

Ellis RJ, Rosario D, Clifford DB, McArthur JC, Simpson D, Alexander
T et al (2010) Continued high prevalence and adverse clinical
impact of human immunodeficiency virus-associated sensory
neuropathy in the era of combination antiretroviral therapy: the
CHARTER study. Arch Neurol 67:552–558

Evans SR, Ellis RJ, Chen H, Yeh TM, Lee AJ, Schifitto G et al (2011)
Peripheral neuropathy in HIV: prevalence and risk factors. AIDS
25(7):919–928

Fagnoni FF, Vescovini R, Passeri G, Bologna G, Pedrazzoni M,
Lavagetto G et al (2000) Shortage of circulating naive CD8(+) T
cells provides new insights on immunodeficiency in aging. Blood
95:2860–2868

Falutz J, Potvin D, Mamputu JC, Assaad H, Zoltowska M, Michaud SE
et al (2010) Effects of tesamorelin, a growth hormone-releasing
factor, in HIV-infected patients with abdominal fat accumulation:
a randomized placebo-controlled trial with a safety extension. J
Acquir Immune Defic Syndr 53:311–322

Fliers E, Kreier F, Voshol PJ, Havekes LM, Sauerwein HP, Kalsbeek A
et al (2003a) White adipose tissue: getting nervous. J Neuro-
endocrinol 15:1005–1010

Fliers E, Sauerwein HP, Romijn JA, Reiss P, van der Valk M, Kalsbeek
A et al (2003b) HIV-associated adipose redistribution syndrome
as a selective autonomic neuropathy. Lancet 362:1758–1760

Freeman R, Roberts MS, Friedman LS, Broadbridge C (1990) Auto-
nomic function and human immunodeficiency virus infection.
Neurology 40:575–580

Gan SK, Samaras K, Thompson CH, Kraegen EW, Carr A, Cooper DA
et al (2002) Altered myocellular and abdominal fat partitioning
predict disturbance in insulin action in HIV protease inhibitor-
related lipodystrophy. Diabetes 51:3163–3169

Giunta B, Fernandez F, Nikolic WV, Obregon D, Rrapo E, Town T et al
(2008) Inflammaging as a prodrome to Alzheimer's disease. J
Neuroinflammation 5:51

Goransson LG, Mellgren SI, Lindal S, Omdal R (2004) The effect of
age and gender on epidermal nerve fiber density. Neurology
62:774–777

Harman D (2001) Aging: overview. Ann N YAcad Sci 928:1–21
Harpaz R, Ortega-Sanchez IR, Seward JF, Advisory Committee on

Immunization Practices (ACIP) Centers for Disease Control and
Prevention (CDC) (2008) Prevention of herpes zoster: recommen-
dations of the Advisory Committee on Immunization Practices
(ACIP). MMWR Recomm Rep 57:1–30, quiz CE2-4

Heckmann JM, Pillay K, Hearn AP, Kenyon C (2010) Polymyositis in
African HIV-infected subjects. Neuromuscul Disord 20:735–739

Herrmann DN, McDermott MP, Sowden JE, Henderson D, Messing S,
Cruttenden K et al (2006) Is skin biopsy a predictor of transition
to symptomatic HIV neuropathy? A longitudinal study. Neurology
66:857–861

Hofhaus G, Berneburg M, Wulfert M, Gattermann N (2003) Live now—
pay by ageing: high performance mitochondrial activity in youth
and its age-related side effects. Exp Physiol 88:167–174

Illa I, Nath A, Dalakas M (1991) Immunocytochemical and virological
characteristics of HIV-associated inflammatory myopathies: sim-
ilarities with seronegative polymyositis. Ann Neurol 29:474–481

Jacobs JM, Love S (1985) Qualitative and quantitative morphology of
human sural nerve at different ages. Brain 108(Pt 4):897–924

Johnson RW, Williams FM, Kazi S, Dimachkie MM, Reveille JD
(2003) Human immunodeficiency virus-associated polymyositis:
a longitudinal study of outcome. Arthritis Rheum 49:172–178

Keswani SC, Polley M, Pardo CA, Griffin JW, McArthur JC, Hoke A
(2003) Schwann cell chemokine receptors mediate HIV-1 gp120
toxicity to sensory neurons. Ann Neurol 54:287–296

Lebech AM, Kristoffersen US, Mehlsen J, Wiinberg N, Petersen CL,
Hesse B et al (2007) Autonomic dysfunction in HIV patients on
antiretroviral therapy: studies of heart rate variability. Clin Physiol
Funct Imaging 27:363–367

Lehmann HC, Chen W, Borzan J, Mankowski JL, Hoke A (2011) Mito-
chondrial dysfunction in distal axons contributes to human immuno-
deficiency virus sensory neuropathy. Ann Neurol 69:100–110

Lichtenstein KA, Armon C, Baron A, Moorman AC, Wood KC,
Holmberg SD et al (2005) Modification of the incidence of
drug-associated symmetrical peripheral neuropathy by host and
disease factors in the HIVoutpatient study cohort. Clin Infect Dis
40:148–157

Lihn AS, Richelsen B, Pedersen SB, Haugaard SB, Rathje GS, Madsbad
S et al (2003) Increased expression of TNF-alpha, IL-6, and IL-8 in
HALS: implications for reduced adiponectin expression and plasma
levels. Am J Physiol Endocrinol Metab 285:E1072–80

Low PA, Denq JC, Opfer-Gehrking TL, Dyck PJ, O’Brien PC, Slezak
JM (1997) Effect of age and gender on sudomotor and cardiova-
gal function and blood pressure response to tilt in normal subjects.
Muscle Nerve 20:1561–1568

Low PA, Benrud-Larson LM, Sletten DM, Opfer-Gehrking TL,
Weigand SD, O'Brien PC et al (2004) Autonomic symptoms
and diabetic neuropathy: a population-based study. Diabetes
Care 27:2942–2947

Luzi L, Perseghin G, Tambussi G, Meneghini E, Scifo P, Pagliato E et
al (2003) Intramyocellular lipid accumulation and reduced whole
body lipid oxidation in HIV lipodystrophy. Am J Physiol Endo-
crinol Metab 284:E274–80

McArthur JC, Brew BJ, Nath A (2005) Neurological complications of
HIV infection. Lancet Neurol 4:543–555

Melli G, Keswani SC, Fischer A, Chen W, Hoke A (2006) Spatially
distinct and functionally independent mechanisms of axonal de-
generation in a model of HIV-associated sensory neuropathy.
Brain 129:1330–1338

Mittal CM, Wig N, Mishra S, Deepak KK (2004) Heart rate variability
in human immunodeficiency virus-positive individuals. Int J Cardiol
94:1–6

Morgello S, Wolfe D, Godfrey E, Feinstein R, Tagliati M, Simpson
DM (1995) Mitochondrial abnormalities in human immunodefi-
ciency virus-associated myopathy. Acta Neuropathol 90:366–374

Morgello S, Estanislao L, Simpson D, Geraci A, DiRocco A, Gerits P
et al (2004) HIV-associated distal sensory polyneuropathy in the
era of highly active antiretroviral therapy: the Manhattan HIV
Brain Bank. Arch Neurol 61:546–551

Negoro S, Hara H, Miyata S, Saiki O, Tanaka T, Yoshizaki K et al
(1986) Mechanisms of age-related decline in antigen-specific T
cell proliferative response: IL-2 receptor expression and recombinant
IL-2 induced proliferative response of purified Tac-positive T cells.
Mech Ageing Dev 36:223–241

Ng AV, Callister R, Johnson DG, Seals DR (1993) Age and gender
influence muscle sympathetic nerve activity at rest in healthy
humans. Hypertension 21:498–503

Oxman MN, Levin MJ, Johnson GR, Schmader KE, Straus SE, Gelb
LD et al (2005) A vaccine to prevent herpes zoster and postherpetic
neuralgia in older adults. N Engl J Med 352:2271–2284

J. Neurovirol. (2012) 18:331–338 337



Pacenti M, Barzon L, Favaretto F, Fincati K, Romano S, Milan G et al
(2006) Microarray analysis during adipogenesis identifies new
genes altered by antiretroviral drugs. AIDS 20:1691–1705

Pletz MW, Duda PW, Kappos L, Steck AJ (2003) Immune-mediated
neuropathies: etiology and pathogenic relationship to aging pro-
cesses. J Neuroimmunol 137:1–11

Prelog M (2006) Aging of the immune system: a risk factor for
autoimmunity? Autoimmun Rev 5:136–139

Quattrini C, Harris ND, Malik RA, Tesfaye S (2007) Impaired skin
microvascular reactivity in painful diabetic neuropathy. Diabetes
Care 30:655–659

Rance NE, McArthur JC, Cornblath DR, Landstrom DL, Griffin JW,
Price DL (1988) Gracile tract degeneration in patients with sensory
neuropathy and AIDS. Neurology 38:265–271

Rowan AJ, Ramsay RE, Collins JF, Pryor F, Boardman KD, Uthman
BM et al (2005) New onset geriatric epilepsy: a randomized study
of gabapentin, lamotrigine, and carbamazepine. Neurology
64:1868–1873

Said G, Lacroix C, Chemouilli P, Goulon-Goeau C, Roullet E, Penaud
D et al (1991) Cytomegalovirus neuropathy in acquired immuno-
deficiency syndrome: a clinical and pathological study. Ann Neurol
29:139–146

Sakhuja A, Goyal A, Jaryal AK, Wig N, Vajpayee M, Kumar A et al
(2007) Heart rate variability and autonomic function tests in HIV
positive individuals in India. Clin Auton Res 17:193–196

Sathekge M, Maes A, Kgomo M, Stolz A, Ankrah A, Van de Wiele C
(2010) Evaluation of glucose uptake by skeletal muscle tissue and
subcutaneous fat in HIV-infected patients with and without lip-
odystrophy using FDG-PET. Nucl Med Commun 31:311–314

Schifitto G,McDermott MP, McArthur JC, Marder K, Sacktor N, Epstein
L et al (2002) Incidence of and risk factors for HIV-associated distal
sensory polyneuropathy. Neurology 58:1764–1768

Schrager MA, Metter EJ, Simonsick E, Ble A, Bandinelli S, Lauretani
F et al (2007) Sarcopenic obesity and inflammation in the
InCHIANTI study. J Appl Physiol 102:919–925

Scruggs ER, Dirks Naylor AJ (2008) Mechanisms of zidovudine-
induced mitochondrial toxicity and myopathy. Pharmacology
82:83–88

Simanek AM, Dowd JB, Pawelec G, Melzer D, Dutta A, Aiello AE
(2011) Seropositivity to cytomegalovirus, inflammation, all-cause
and cardiovascular disease-related mortality in the United States.
PLoS One 6:e16103

Simpson DM, Bender AN (1988) Human immunodeficiency virus-
associated myopathy: analysis of 11 patients. Ann Neurol
24:79–84

Simpson DM, Bender AN, Farraye J, Mendelson SG, Wolfe DE (1990)
Human immunodeficiency virus wasting syndrome may represent
a treatable myopathy. Neurology 40:535–538

Simpson DM, Kitch D, Evans SR, McArthur JC, Asmuth DM, Cohen
B et al (2006) HIV neuropathy natural history cohort study:
assessment measures and risk factors. Neurology 66:1679–1687

Simpson DM, Brown S, Tobias J (2008) NGX-4010 C107 Study
Group. Controlled trial of high-concentration capsaicin patch for
treatment of painful HIV neuropathy. Neurology 70:2305–2313

Skrapari I, Tentolouris N, Perrea D, Bakoyiannis C, Papazafiropoulou
A, Katsilambros N (2007) Baroreflex sensitivity in obesity: rela-
tionship with cardiac autonomic nervous system activity. Obesity
(Silver Spring) 15:1685–1693

Torriani M, Thomas BJ, Barlow RB, Librizzi J, Dolan S, Grinspoon S
(2006) Increased intramyocellular lipid accumulation in HIV-
infected women with fat redistribution. J Appl Physiol 100:609–
614

Umapathi T, Tan WL, Tan NC, Chan YH (2006) Determinants of
epidermal nerve fiber density in normal individuals. Muscle
Nerve 33:742–746

Van Gaal LF, Mertens IL, De Block CE (2006) Mechanisms linking
obesity with cardiovascular disease. Nature 444:875–880

Vance DE, Mugavero M, Willig J, Raper JL, Saag MS (2011) Aging
with HIV: a cross-sectional study of comorbidity prevalence and
clinical characteristics across decades of life. J Assoc Nurses
AIDS Care 22:17–25

Vrancken AF, Franssen H, Wokke JH, Teunissen LL, Notermans NC
(2002) Chronic idiopathic axonal polyneuropathy and successful
aging of the peripheral nervous system in elderly people. Arch
Neurol 59:533–540

Wajchenberg BL (2000) Subcutaneous and visceral adipose tissue:
their relation to the metabolic syndrome. Endocr Rev 21:697–738

Yarasheski KE, Scherzer R, Kotler DP, Dobs AS, Tien PC, Lewis CE et
al (2011) Age-related skeletal muscle decline is similar in HIV-
infected and uninfected individuals. J Gerontol A Biol Sci Med
Sci 66:332–340

Zhou L, Kitch DW, Evans SR, Hauer P, Raman S, Ebenezer GJ et al
(2007) Correlates of epidermal nerve fiber densities in HIV-
associated distal sensory polyneuropathy. Neurology 68:2113–2119

338 J. Neurovirol. (2012) 18:331–338


	Neuromuscular complications in HIV: effects of aging
	Abstract
	Introduction
	Peripheral neuropathy
	Clinical characteristics
	Pathophysiology
	The effect of aging on HIV neuropathies
	Treatment

	HIV-associated myopathy
	Metabolic disorders of muscle in HIV
	The role of the autonomic nervous system

	Conclusion
	References




