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Autonomic Neuropathy in HIV is Unrecognized
and Associated with Medical Morbidity
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Abstract

Autonomic dysfunction is common in HIV. However, its clinical impact is not well understood and its protean
symptoms make it difficult to diagnose. We sought to determine: (1) whether autonomic neuropathy is associated
with morbidity and predicted mortality in HIV as measured by the Veterans Aging Cohort Study (VACS) index;
and (2) if healthcare providers recognize the diagnosis of autonomic neuropathy. Data were obtained from 102 HIV-
infected adults enrolled in a prevalence study of autonomic dysfunction from 2011–2012. Participants were pre-
dominantly minority with nearly equal numbers of men and women. Most were receiving an antiretroviral regimen
with a nucleoside reverse transcriptase inhibitor backbone and a base of a non-nucleoside reverse transcriptase
inhibitor, protease inhibitor, or integrase inhibitor. Autonomic neuropathy was defined using a laboratory-based
autonomic assessment, the Composite Autonomic Severity Score (CASS). Medical records were reviewed for the
year prior to the autonomic assessment. We found that the autonomic neuropathy score (CASS) was associated with
the VACS index. We also found that among 53 participants with symptomatic autonomic neuropathy, the diagnosis
had been considered for only one. The majority of the symptoms were either unexplained or attributed to medi-
cation side effects. This study demonstrates that autonomic neuropathy in HIV is associated with serious co-morbid
illnesses known to increase mortality risk, and that HIV healthcare providers rarely consider autonomic neuropathy
in their differential diagnoses. Future studies are needed to determine if autonomic neuropathy is an independent
risk factor for mortality in HIV, and to raise awareness of its signs and symptoms.

Introduction

Autonomic dysfunction is common among HIV-
infected individuals, usually occurring as part of a more

generalized neuropathic process including distal symmet-
ric polyneuropathy.1 Autonomic nerves are responsible for
modulation of nearly all internal organ systems. Accordingly,
symptoms of autonomic neuropathy are myriad and include:
orthostatic dizziness or fainting, dry eyes or mouth, cold distal
extremities, constipation and/or diarrhea, sexual dysfunction,
nausea or vomiting especially with meals, urinary inconti-
nence, and changes in sweating.2 When all or most of these
symptoms are present, the diagnosis is fairly clear, but often
patients will experience only one or two. In this case, symptoms
may easily be mistaken for manifestations of systemic illnesses
or medication intolerance, especially in the context of HIV.3

The full clinical impact of autonomic neuropathy in HIV is
not well understood, but the clinical impact of autonomic
neuropathy caused by other systemic illnesses can provide
guidance. The best studied example is diabetes, which is
also an issue of growing importance among HIV-infected

individuals.4,5 Among diabetics, autonomic neuropathy is
associated with increased morbidity,6 and mortality which is
typically cardiac.7,8 There is disagreement in the literature as
to whether autonomic neuropathy is the cause of these ad-
verse outcomes or if they are simply the result of poorly
controlled diabetes.9–11 Those who support a causative role
for autonomic neuropathy cite impaired cardiac hemody-
namics, and dysfunctional control of heart rate, including
prolongation of the QT interval and cardiac arrhythmia, as
possible mechanisms of action.8 If this is so, then HIV-
associated autonomic neuropathy might also be associated
with adverse outcomes. Morbidity and mortality in HIV is
known to be influenced by age, HIV-related factors such as
CD4 + count and HIV-1 viral load, and non-HIV-related fac-
tors such as liver and kidney disease. These factors have been
summarized in the Veterans Aging Cohort Study (VACS)
index which predicts mortality in individuals with HIV.12,13

We undertook the present study with two main goals. First,
we sought to determine whether autonomic neuropathy is
associated with morbidity and predicted mortality in HIV as
summarized by the VACS index. Second, in light of the subtle
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clinical presentation and potential clinical importance of
autonomic neuropathy, we sought to understand whether
healthcare providers were recognizing the diagnosis of au-
tonomic neuropathy in the clinic.

Methods

Participants

Data were obtained from 102 HIV-infected adults who
were enrolled in a study of the prevalence of autonomic
dysfunction in HIV, as previously described.1 Participants
were recruited from the waiting room of an adult HIV clinic,
in an academic medical center located in the East Harlem
neighborhood of New York City. The clinic serves approxi-
mately 1500 predominantly minority, inner city patients.
The investigator recruiting participants had no specific
knowledge of their medical conditions, and offered an ap-
pointment to assess eligibility to any willing patient. All
study visits occurred between Spring 2011 and Summer
2012. All procedures were performed according to a protocol
approved by the Mount Sinai School of Medicine Institu-
tional Review Board. All participants provided written in-
formed consent.

Definition of autonomic neuropathy

All participants underwent a standardized battery of
laboratory-based assessments of autonomic function includ-
ing: quantitative sudomotor axon reflex testing, heart rate re-
sponse to deep breathing, Valsalva maneuver, and tilt table
testing. Quantitative sudomotor axon reflex testing involves
iontophoresis of acetylcholine into the skin which causes
sweating. The total sweat volume is collected in a capsule,
measured by an automated system and compared to stan-
dardized values. The other three autonomic tests involve
noninvasive continuous monitoring of heart rate and blood
pressure during respiratory and positional stimuli. The results
of the testing were used to generate the Composite Autonomic
Severity Score (CASS), a validated, quantitative measure of
autonomic dysfunction that is scored on a scale from 0–10 (with
higher numbers indicating greater impairment).14 The CASS
has three subscores reflecting different aspects of autonomic
function: cardiovagal (cardiac parasympathetic innervation),
adrenergic (vascular sympathetic innervation), and sudomotor
(sympathetic innervation of sweat glands). The authors of
the CASS suggest that a CASS < 2 is normal, and that a CASS of
2–3 represents mild autonomic neuropathy.15 As we have done
previously,1 we chose a slightly more stringent cut-off of a
CASS ‡ 3 to define autonomic neuropathy in acknowledgment
of the medical complexity of our population.

Autonomic symptoms were assessed using the Survey of
Autonomic Symptoms (SAS).16 The SAS is a validated ques-
tionnaire that elicits the following symptoms: lightheadedness,
dry eyes and mouth, changes in temperature or color in the feet,
changes in sweating, gastrointestinal symptoms, urinary in-
continence, and erectile dysfunction (men only). Symptomatic
autonomic neuropathy was defined as a CASS ‡ 3 and at least
one symptom endorsed on the SAS.

Chart review

All records for the clinic have been housed in a single elec-
tronic medical record (EMR) since 2006. All documentation in

the EMR for the year prior to the autonomic assessment was
reviewed for the following information.

� All patient-reported symptoms, and the differential di-
agnosis proposed for these symptoms. Symptoms were
then classified as potentially autonomic if they corre-
sponded to one of the items contained in the SAS.
� Any mention of the word ‘‘autonomic’’.
� Diagnoses of diabetes and substance misuse (including

abuse or dependence). These co-morbidities are con-
sidered important causes of autonomic neuropathy in
the general population and are therefore possible con-
tributors to autonomic neuropathy in HIV. They might
also influence the VACS (e.g., diabetics might have
more kidney disease and substance users might be more
likely to have exposure to hepatitis C) and are therefore
potential confounders of a relationship between auto-
nomic neuropathy and the VACS.
� The data required to calculate the VACS: CD4 + count

(cells/mm3), HIV-1 RNA (copies/mL), hemoglobin (g/dL),
platelets (103/lL), alanine and aspartate transaminase
(U/L), creatinine (mg/dL), hepatitis C serostatus. La-
boratory values had been collected within 1 month of
the autonomic assessment for 78% of participants, and
within 4 months for 98%.

Statistical analysis

Spearman’s rank correlation was performed for the CASS
and the VACS. Kendall’s tau-b correlation was performed for
the CASS sub-scores and the VACS. Linear regression was
performed to measure the association between the VACS and
the CASS, with the CASS as the independent variable, sub-
stance misuse and diabetes as co-variates, and VACS as the
outcome variable. All tests were two-tailed and conducted at
the a = 0.05 level. We used the SPSS version 20 for all analyses.

Results

The demographic characteristics of this sample have been
described previously and are summarized in (Table 1.) The
participants were predominantly minority with a balanced
representation of men and women. The most common mode
of HIV-infection was heterosexual sex (57%), followed by in-
travenous drug use (20%), and men who have sex with men
(18%). A small number of participants (6%) had unknown or
other modes of infection (perinatal exposure, blood transfu-
sion). Forty-two percent of participants had detectable HIV
viremia ( > 20 copies/mL), which is somewhat lower than the
general clinic population from which they were drawn, in
whom 50% are detectable. However, this was mostly low le-
vel viremia. Among participants with a detectable viral load,
the median viral load was 157 (IQR 50, 4123). Fifty percent of
participants had peripheral neuropathy defined as ‡ 3 of the
following: sensory symptoms, sensory signs, reduced or ab-
sent ankle reflexes, and reduced or absent sural sensory nerve
amplitude. The majority of participants had longstanding
HIV treated with combination antiretroviral therapy (CART).
Nineteen participants had past exposure to a neurotoxic an-
tiretroviral (stavudine, didanosine, zalcitabine) documented
in the EMR, although this is likely an underestimate of actual
exposure. Sixty-two participants had autonomic neuropathy
(CASS ‡ 3), of whom 53 had symptomatic autonomic
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neuropathy (CASS ‡ 3 and ‡ 1 symptom on the SAS). All
participants had been seen multiple times in the clinic in the
preceding year (median = 12 visits, IQR (6, 17.5)), including
visits with physicians and allied professionals (e.g., social
work, case management, nursing, psychology).

Worsening autonomic dysfunction, as measured by higher
CASS, was associated with a higher VACS (r = 0.43, p < 0.001).
Participants meeting criteria for autonomic neuropathy
(CASS ‡ 3) had a mean VACS of 42 (SD = 25) compared to 25
(SD = 17) among participants without autonomic neuropathy,
which corresponds to a 5 year mortality risk of 20% versus 9%.
All three CASS subscores were also modestly but significantly
associated with the VACS (adrenergic: r = 0.20, p = 0.014; car-
diovagal r = 0.20, p = 0.02; sudomotor r = 0.25, p = 0.001). The
relationship between the CASS and the VACS persisted after
adjustment for diabetes and substance misuse ( p < 0.001;
standardized b = 0.44).

Of the 53 participants with symptomatic autonomic neu-
ropathy, 22 (42%) had at least one autonomic-type symptom
documented in the EMR. The most common were gastroin-
testinal symptoms (nausea, vomiting, diarrhea, constipation)
which were recorded in the EMR for 11 participants, and
genitourinary symptoms (erectile dysfunction, urinary hesi-
tancy, urgency, incontinence) which were recorded for 9
participants. Less common symptoms were dizziness (n = 4),
changes in sweating (n = 3), and dry mouth (n = 1). Of these 28
symptom sets, presenting in 22 participants, a potentially
autonomic cause was considered only once, in a patient
complaining of orthostatic dizziness. A few other symptoms
had clear medical explanations (pseudomembranous colitis
causing diarrhea, a urinary tract infection causing urinary
frequency, endocarditis causing diaphoresis, nausea, and
vomiting), or likely medical explanations (urinary symptoms
caused by presumed prostate enlargement, diabetes, or CKD).
In the remainder of the cases (21 symptom sets in 16 partici-
pants) the symptoms were either attributed to medication side
effects or considered unexplained (Fig. 1).

Discussion

There are preliminary data indicating that autonomic
neuropathy is common in HIV, however its clinical impact is
not well understood.1 In this study, we found that autonomic
neuropathy is associated with a greater burden of illness and
higher predicted mortality as measured by the VACS index,
which includes age, CD4 + count, HIV-1 viral load,

Table 1. Participant Characteristics
a

N 102
Gender

Male 52%
Female 48%

Ethnicity
African-American 62%
Hispanic 32%
White 6%

Age, median (IQR) 51 (44, 57)
Duration of known HIV infection,

median (IQR)
16 (13, 22)

Antiretroviral regimens
NRTI backbone/PI base 52%
NRTI backbone/NNRTI base 18%
NRTI backbone/integrase inhibitor base 13%
Otherb 12%
None 5%

Current CD4, median (IQR) 439 (288, 702)
Nadir CD4, median (IQR) 154 (24, 256)
HIV viral load, median (IQR) UD (UD, 253)
Detectable HIV viral load 42%
HIV risk factor

Heterosexual sex 57%
Intravenous drug use (IVDU) 20%
Men who have sex with men (MSM) 18%
Perinatal exposure 3%
Unknown 2%
Blood transfusion 1%

aNNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI,
nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; UD,
undetectable ( < 20 copies/mL).

bOther regimens included: NRTI only, NRTI/PI/entry inhibitor,
NRTI/PI/integrase inhibitor, NRTI/integrase inhibitor/entry inhib-
itor, PI/integrase inhibitor.

FIG. 1. Ascribed etiologies for autonomic-
type symptoms in participants subse-
quently found to have HIV-associated
autonomic neuropathy.
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hemoglobin, and markers of liver and kidney disease. We
previously reported that autonomic neuropathy was associ-
ated with HIV-associated distal symmetric polyneuropathy.1

Thus a clinical phenotype of the HIV-patient likely to have
autonomic neuropathy emerges: an older patient with
peripheral neuropathy and one or more major co-morbid ill-
nesses. Although this phenotype may be helpful in identifying
patients at risk for autonomic neuropathy, arriving at a di-
agnosis is still complicated by the nonspecific nature of au-
tonomic symptoms which makes them difficult to distinguish
from the effects of end organ disease or medication toxicity. In
our sample, 73% of participants with autonomic neuropathy
who reported autonomic-type symptoms to their healthcare
provider did not receive a specific diagnosis; the symptoms
were unexplained or attributed to medication side effects.

Our data suggest that this may be an important oversight.
We found that autonomic neuropathy was associated with
morbidity and higher predicted mortality. Since we do not
have longitudinal data from which to gather actual mortality
rates, these data must be interpreted with caution. However,
the theory that HIV-associated autonomic neuropathy could
predict morbidity and mortality has a precedent in the dia-
betic autonomic neuropathy literature. In diabetes, autonomic
neuropathy is associated with other end-organ complications,
such as nephropathy and retinopathy,6 but is also an inde-
pendent risk factor for mortality, largely due to cardiac
events.7,8 This may also prove true in HIV. In addition there
may also be other, more HIV-specific complications of auto-
nomic neuropathy. Some authors have hypothesized that the
lipodystrophy syndrome may be a selective form of auto-
nomic neuropathy.17 Others have shown a complicated in-
teraction between the sympathetic innervation of lymph
nodes and viral replication, with an overall decrease in sym-
pathetic innervation of lymph nodes in the rhesus macaque
following SIV infection, but enhanced viral replication adja-
cent to the remaining sympathetic varicosities.18,19

This study has limitations. The data are cross-sectional, so
a determination of whether there is a causal relationship
between autonomic neuropathy and morbidity cannot be
made, and actual (as opposed to predicted) mortality rates
cannot be known. The laboratory values used to calculate the
VACS index were chart derived and so were not exactly
contemporaneous with the autonomic assessment. All par-
ticipants receive care in a single clinic in an academic medical
center, serving a predominantly inner city minority popu-
lation. Thus, our clinic patients may be more medically
complex than most HIV patients. It should also be noted that
our sampling method within the clinic was not random.
Since we approached patients from the waiting area, those
who were in the clinic more often were more likely to be
selected. Indeed, the median number of visits annually to the
clinic per patient is six, whereas the median for our patients
was 12. Patients come to the clinic for medical, psychiatric,
and social needs, and so our sample is likely to over-repre-
sent the most challenging patients from our clinic. This may
limit the generalizability of our findings. However, it also
provided the benefit of a sample with adequate representa-
tion of higher VACS scores, which would not have been seen
in a sample of lower medical complexity.

It is also possible that the finding of under-diagnosis of
autonomic neuropathy is unique to our institution. However
we consider this unlikely. If anything, we would expect our

providers to be more aware of the neurologic complications of
HIV, since this is an area of clinical and research interest at our
center.

In summary, our data show that autonomic neuropathy in
HIV is associated with a higher burden of illness, and ac-
cordingly, with a higher predicted mortality risk. Further-
more, autonomic neuropathy is infrequently considered in the
differential diagnosis of autonomic-type symptoms. Further
research is needed to know how these observations might be
incorporated into clinical care. At present it may be prudent
for the HIV care provider simply to be alert to the symptoms
of autonomic neuropathy, particularly in older patients with
distal symmetric polyneuropathy and co-morbid illnesses.
This increased awareness may help inform medication man-
agement, for example, slower titration of antihypertensives to
avoid orthostatic hypotension, or institution of a pro-kinetic
agent for symptoms of gastroparesis. Further research will be
needed to determine the utility of such approaches. Long-
itudinal studies of autonomic dysfunction in HIV are also
needed to determine its natural history, including whether it
is an independent risk factor for mortality.
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