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Abstract

Background: HIV-infected individuals may be at increased risk of poor physical function. Chronic inflammation
has been associated with decreased physical function in the elderly and may also influence physical function in
HIV-infected individuals.
Methods: This cross-sectional study assessed physical function in 65 HIV-infected women aged 40 and older on
stable antiretroviral treatment using the Short Physical Performance Battery (SPPB): a standardized test of
balance, walking speed, and lower- extremity strength developed for elderly populations. The relationship
between low SPPB score, selected demographic and medical characteristics, and high inflammatory biomarker
profile was analyzed using Fisher’s exact test and Wilcoxon rank sum test.
Results: The median age of subjects was 49 years (interquartile range [IQR] 45–55), and the median CD4 T-cell
count was 675 cells/mm3 (IQR 436–828). Thirteen subjects (20%) had a low SPPB score. Subjects with a low SPPB
score were more likely to be cigarette smokers ( p = 0.03), had more medical comorbidities ( p = 0.01), and had
higher levels of interleukin-6 (IL-6) ( p < 0.05). They also tended to be older (median age 55 vs. 48, p = 0.06), more
likely to have diabetes ( p = 0.07), and have higher levels of soluble tumor necrosis factor-1 ( p = 0.09).
Conclusions: Twenty percent of women aged 40 and older with well-treated HIV had poor physical-function
performance, which was associated with the high burden of comorbidities in this population and with increased
IL-6. However, it is unclear from this cross-sectional study whether increased inflammation was related to poor
physical function or to other factors, such as age and medical comorbidities.

Introduction

For HIV-infected individuals receiving antiretroviral
therapy (ART), HIV infection has been transformed from

a deadly disease to a chronic condition. A growing number
of individuals with HIV are now living into older age—about
half of the 1.5 million people with HIV in the United States
will be aged 50 or older in 2015.1 With the advent of ART, the
incidence of previously common opportunistic infections
has decreased.2 However, HIV-infected individuals remain
at higher risk for a variety of noninfectious comorbidities,
including cardiovascular disease, lipid abnormalities, and
diabetes.3–8 Multiple medical comorbidities are common in

ART-treated individuals,3,8,9 and older HIV-infected indi-
viduals are at increased risk for multiple comorbidities com-
pared to the general population.3,8

HIV-infected individuals are also at increased risk for poor
physical function, including the ‘‘frailty phenotype,’’ defined
by the presence of three or more of the following: uninten-
tional weight loss, self-reported exhaustion, weakness, slow
walking speed, and low physical activity.10 HIV-infected in-
dividuals appear to have worse physical function compared
to those without HIV11–15; however, poor physical function in
HIV-infected individuals often appears related to low CD4
T-cell count11,12,14–17 or presence of other comorbidities, such
as hypertension, diabetes, and chronic pulmonary disease.13,18–20
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Worse physical function was associated with non-HIV-related
comorbidities in studies conducted predominantly in HIV-
infected men,13,17,19,20 although not in a study predominantly
of women.14 In contrast to one study in South Africa, in which
frailty risk was decreased in individuals with higher body
mass index (BMI),14 poor physical function in HIV-infected
individuals in the United States has frequently been associ-
ated with obesity and truncal obesity.18,20,21 HIV-infected
men may have a frailty prevalence comparable to uninfected
men 10 years older12 and aerobic capacity more similar to
HIV-uninfected men 20 years older.22

The reasons behind the apparent decreased physical func-
tion in HIV-infected individuals are unclear. Several studies
have reported associations between higher inflammatory bio-
marker levels, including interleukin-6 (IL-6), high-sensitivity
C-reactive protein (CRP), hyaluronic acid (HA), D-dimer,
soluble CD14 (sCD14), and soluble tumor necrosis factor
receptor-1 (sTNFR1) and sTNFR2, and increased mortality in
ART-treated individuals.23–26 Higher levels of inflammatory
and coagulation biomarkers, such as IL-6, D-dimer, sCD14,
and CRP, are seen in HIV-infected individuals compared to
HIV-uninfected controls, despite treatment with ART and
adjustment for other comorbidities27,28; however, one study
suggested that these elevated biomarker levels in ART-treated
individuals were seen primarily in those with low CD4 counts
or elevated HIV viral loads.28 A recent study of HIV-infected
individuals found that poor physical function was associated
with immune activation and increased levels of IL-6.29 Higher
levels of IL-6 and CRP are also associated with aging in the
general population30,31 and have been associated with worse
physical function in the elderly.32–36 Worse scores on the
Short Physical Performance Battery (SPPB), an assessment of
physical function, have been associated with higher levels of
IL-6 and CRP in individuals aged 55 years or older with
chronic conditions, including chronic obstructive lung dis-
ease, congestive heart failure, high cardiovascular disease
risk, and self-reported disability.37 As HIV infection is asso-
ciated with both increased inflammation and declines in
physical function compared to the general population, it is
possible that increased inflammation contributes to the de-
clines in physical function seen in HIV-infected individuals
despite apparent viral control with ART.

The primary goal of this cross-sectional study was to assess
the level of physical function of HIV-infected women on ART.
Our goal was to describe differences in women with lower
physical function compared to those with high function and
to test the hypothesis that higher levels of inflammatory bio-
markers are associated with poor physical function in this
population. We chose to perform this study with HIV-infected
women because of the limited physical- function research in
this group and the increasing global burden of HIV infection
in racial and ethnic minority women.

Material and Methods

Population enrolled

This study was conducted at the Center for Infectious
Diseases (CID) at Boston Medical Center in Boston, MA. The
CID cares for approximately 1,400 HIV-infected patients, in-
cluding about 40% women, and is one of the largest HIV
providers in New England. English-speaking HIV-infected
women aged 40 and older on a stable ART regimen for at least

6 months with a most recent HIV viral load less than 1,000
copies/mL were eligible to participate. Women were re-
cruited during medical appointments or through self-referral
from study fliers in the clinic. After written informed consent
was obtained, each woman completed a questionnaire that
included information about demographic characteristics and
medical history. ART regimen, nadir CD4 count, most recent
CD4 and HIV viral load values, and date of HIV diagnosis
were abstracted from the electronic medical record. We also
collected information about hepatitis C, coronary artery dis-
ease, and comorbidities associated with cardiovascular dis-
ease, including hypertension, hyperlipidemia, and diabetes
mellitus, as these conditions have been shown to be associated
with increased risk of inflammation.28,38–41 Medical co-
morbidities were defined by inclusion as an active problem in
the electronic medical record. Serum was collected for bio-
marker quantification, and each woman underwent a physi-
cal-function assessment as described below. Body weight and
height were recorded from the medical record and used to
calculate BMI. The Boston University Medical Center In-
stitutional Review Board approved this protocol.

Physical-function testing

Participants underwent a physical-function assessment
consisting of the SPPB, which was conducted at the Boston
Medical Center Laboratory for Exercise Physiology and Phy-
sical Performance. The SPPB was developed by the National
Institute of Aging to assess physical function in individuals
over 65 years of age and includes three measures: balance
(defined by length of time able to stand with feet together, feet
semitandem [big toe of one foot next to heel of the other], and
tandem [heel to toe]), walking speed (best of two timed at-
tempts at walking usual speed over a 4 meter distance), and
chair stand (time to complete five transitions from sitting to
standing without using arms).42 Each component of the SPPB is
scored on a scale of 0 to 4, based on ability to complete the task
and time required for completion, using the standardized
scoring published previously for a maximum subscore of 4 for
each component and a maximum overall score of 12.42 Al-
though the SPPB was developed primarily for geriatric popu-
lations, we chose to use it as a function measure in our study
because of the increased prevalence of frailty and diminished
physical function that occur at an earlier age in HIV-infected
individuals.11,12,14,16,17,22 The physical-function assessment was
scheduled on the same day as the questionnaire and blood
draw when possible; however, the physical-function assess-
ment was performed by different study staff in another build-
ing and thus could be scheduled for a separate visit if necessary.

Inflammatory biomarkers

A single blood draw was obtained from each subject for
serum collection. As this was a cross-sectional study, we chose
a variety of inflammatory and fibrotic markers implicated in
prior studies of inflammation and HIV23–27 for possible in-
clusion in a future longitudinal study. The following tests
were performed: enzyme-linked immunosorbent assays
(ELISAs): IL-6 (R&D Systems D6050, Minneapolis, MN),
sCD14 (a marker of monocyte activation) (R&D Systems
DC140), soluble tumor necrosis factor receptor 1 (sTNFR1)
(R&D Systems DRT100), transforming growth factor beta 1
(TGFb1) (R&D Systems DB100B), hyaluronic acid (a marker
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for tissue turnover and fibrosis) (Corgenix, Broomfield, CO),
and lipopolysaccharide (LPS) (a marker of bacterial transloca-
tion) (Lonza QCL-1000 LALAssay 50-647U, Walkersville, MD).

Statistical analysis

We analyzed demographics, general medical and HIV-
related information, SPPB score, and inflammatory biomarker
results, using descriptive statistics, including medians for
continuous variables and proportions for categorical vari-
ables. We dichotomized our primary outcome, SPPB score,
into low and high categories, using a cut-off score of 9 or lower
to denote poor physical function, because scores in this range
have been shown to be associated with increased risk of
subsequent disability compared to scores of 10 to 12.43,44 Re-
lationships between SPPB, inflammatory biomarkers, and
potentially important covariates were assessed by Fisher’s
exact test for categorical data and Wilcoxon rank sum test
for continuous data. We created a medical-comorbidities
variable that included hypertension, hepatitis C, hyperlip-
idemia, diabetes, and coronary artery disease. We also as-
sessed SPPB as a continuous variable, using Spearman
correlation testing. All analyses were conducted in SAS,
Version 9.1 (Cary, ID).

Results

Seventy-two women were enrolled in the study between
February and August 2011, and 65 subjects (90%) completed
the SPPB and are included in this analysis. The median age
was 49 years (range 40–66 years), and 59 (91%) were racial
and/or ethnic minorities, including 44 (68%) black and 11
(17%) Hispanic women (Table 1). Of 25 non-U.S.-born women,
the majority were born in Haiti or on the African continent.
The median BMI was 28.0 (IQR 24.2–33.7), and 26 subjects
(40%) were obese (BMI ‡ 30 kg/m2). Medical comorbidities
included hypertension (49%), hepatitis C (28%), hyperlipid-
emia (28%), diabetes (25%), and coronary artery disease (5%).
The seven excluded subjects did not attend SPPB testing. No
subjects were excluded for safety reasons or because they
were unable to complete SPPB testing. Excluded subjects
were more likely to report active drug use (43% vs. 9% of
subjects who underwent SPPB testing); otherwise, there
were no significant differences in demographic or medical
variables between subjects included in this analysis and
excluded individuals.

HIV history is reported in Table 1. Although 49% of women
with a known nadir CD4 count had a nadir less than 200 CD4
cells/mm3, 43 subjects (66%) had a current CD4 count of ‡ 500
cells mm3, and 58 (89%) had a current HIV viral load £ 75
copies/mL. The levels of inflammatory biomarkers for the
cohort are shown in Table 2.

The median SPPB score was 11 out of 12 (range 6–12).
Thirteen of 65 subjects (20%) had an SPPB score of 9 or lower
(Table 3). There were greater differences in walking speed and
chair-stand time (a surrogate for leg power) between the low-
and high-scoring SPPB groups compared to balance score.
Women with a low SPPB score were more likely to be current
cigarette smokers and had more medical comorbidities, in-
cluding hypertension, hepatitis C, hyperlipidemia, diabetes,
and coronary artery disease (Table 3). (See Fig. 1.) Women in
the low-SPPB group tended to be older ( p = 0.06) and be more
likely to have diabetes ( p = 0.07). There were no apparent

differences between women in the low- and high-SPPB groups
in terms of current or nadir CD4 count or current viral load.

Women in the low-SPPB group had higher IL-6 levels and a
trend toward higher sTNFR1 levels (Table 3). More than 50%
of our subjects had IL-6 levels below the limit of detection;
when IL-6 was analyzed as a dichotomous variable, 9 subjects
(69%) in the low-SPPB group had a detectable IL-6 level
compared to 19 subjects (39%) in the higher-SPPB group
( p = 0.06) (results not shown). In Spearman correlation testing,
SPPB score was inversely associated with sTNFR1 (correlation
coefficient - 0.29, p = 0.02) but not any other inflammatory
biomarker (results not shown).

Table 1. Baseline Demographic and Medical

Information (n = 65)

Characteristic Result

Demographic information
Age (years) 49 (45–55)
Race/ethnicity

White, not Hispanic 6 (9)
Black, not Hispanic 44 (68)
Hispanic 11 (17)
Other or mixed race 4 (6)

Born in United States 40 (62)
Married or living with partner 20 (31)
High school graduate or higher

education
38 (58)

Unemployed 41 (63)
Illicit drug use (n = 64)

Current 6 (9)
Former 25 (39)

Smoking status
Current 22 (34)
Former 14 (22)

General medical information
BMI category

Less than 25 18 (28)
25 to less than 30 21 (32)
30 to less than 35 17 (26)
‡ 35 9 (14)

Hypertension 32 (49)
Hepatitis C infection 18 (28)
Hyperlipidemia 18 (28)
Diabetes 16 (25)
Coronary artery disease 3 (5)
Number of comorbid medical

conditionsa

0 16 (25)
1 26 (40)
2 or more 23 (35)

HIV history
Years since HIV diagnosis 13 (8–16)
Nadir CD4 T-cell count

(cells/mm3) (n = 61)
202 (96–269)

Current CD4 T-cell count
(cells/mm3)

675 (436–828)

Current HIV viral load
£ 75 copies/mL

58 (89)

Data are presented as number (percent) or median (interquartile
range).

aIncludes diagnosis of hypertension, hepatitis C, hyperlipidemia,
diabetes, and coronary artery disease.

BMI, body mass index.
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Discussion

We found that 20% of HIV-infected women in this study
had an SPPB score of 9 or lower, despite the fact that ART was
effective in improving markers of HIV infection in the ma-

jority of subjects. Given the levels of immune reconstitution
and viral suppression in these subjects, the SPPB scores were
still low in 20% of our relatively young subjects on a test
designed to assess decreased physical function in elderly in-
dividuals aged 65 years and older.42 It is concerning that
one-fifth of our sample of relatively young participants with
well-controlled HIV scored in a SPPB range associated with
increased risk of developing disabilities.43,44 For comparison,
in a study of men and women aged 65 years and older in the
general population, 26% scored 9 or lower on the SPPB.45

Over half (53%) of community-dwelling adults aged 71 or
older had an SPPB score of 9 or lower at baseline, and indi-
viduals with a baseline SPPB of 7 to 9 (the scores for the ma-
jority of our subjects with poor physical function) had 1.6
times the risk of disability in activities of daily living by 4
years compared to individuals with an SPPB of 10 to 12.43 In
an additional analysis, the risk of subsequent disability for
those with poor physical function was 1.8 to 2.1 times higher
at 1 year and 1.5 to 1.9 times higher at 4 years after follow-up

Table 2. Inflammatory Biomarker Levels

for the Entire Cohort

Inflammatory biomarkers Median (interquartile range)

sTNFR1 (ng/mL) (n = 62) 1.7 (1.3–2.0)
sCD14 (ug/mL) (n = 62) 1.7 (1.6–2.2)
TGFB1 (ng/mL) (n = 59) 28.6 (17.5–43.3)
IL-6 (pg/mL) (n = 62) 0 (0–2)
HA (ng/mL) (n = 61) 0.6 (0–2.9)
LPS (endotoxin unit) (n = 61) 0.8 (0.4–1.2)

HA, hyaluronic acid; IL-6, interleukin-6; LPS, lipopolysaccharide;
sCD14, soluble CD14; sTNFR1, soluble tumor necrosis factor
receptor-1; TGFB1, transforming growth factor beta 1.

Table 3. Factors Associated with Poor Short Physical Performance Battery Score

SPPB £ 9 SPPB > 9
Characteristic n = 13 n = 52 p-value

Demographic variables
Age (years) 55 (48–56) 48 (44–54) 0.06
Race/ethnicity

Black 9 (69) 35 (67) 1.0
White 1 (8) 5 (10)
Hispanic 2 (15) 9 (17)
Other 1 (8) 3 (6)

Current cigarette smoker 8 (62) 14 (27) 0.03
Current illicit drug use (n = 64) 0 6 (12) 0.33

General medical variables
Body mass index 30.5 (25.6–34.5) 27.9 (23.8–32.4) 0.38
Hypertension 9 (69) 23 (44) 0.13
Hepatitis C infection 6 (46) 12 (23) 0.16
Hyperlipidemia 4 (31) 14 (27) 0.74
Diabetes 6 (46) 10 (19) 0.07
Number of comorbid medical conditionsa

0 1 (8) 15 (29) 0.01
1–2 7 (54) 33 (63)
3 or more 5 (38) 4 (8)

HIV variables
Nadir CD4 count (cells/mm3) (n = 61) 202 (70–223) 200.5 (125–269.5) 0.51
Current CD4 count (cells/mm3) 595 (471–826) 678.5 (427–831.5) 0.95
Current HIV viral load £ 75 copies/mL 10 (77) 48 (92) 0.14

Component scores of Short Physical
Performance Battery

Balance 4 (3–4) 4 (4–4) 0.054
Walking speed 3 (3–3) 4 (4–4) < 0.0001
Chair stand time 2 (1–3) 4 (3.5–4) < 0.0001

Inflammatory Variables
sTNFR1 (ng/mL) (n = 62) 2.0 (1.7–2.5) 1.6 (1.3–1.8) 0.09
sCD14 (ug/mL) (n = 62) 2.0 (1.5–2.2) 1.7 (1.6–2.0) 0.84
TGFB1 (ng/mL) (n = 59) 25.4 (19.1–47.8) 32.2 (17.5–40.7) 0.98
IL-6 (pg/mL) (n = 62) 1 (0–3) 0 (0–1) 0.048
HA (ng/mL) (n = 61) 1.5 (0–12.6) 0.2 (0–2.6) 0.17
LPS (endotoxin unit) (n = 61) 0.8 (0.3–1.0) 0.8 (0.4–1.2) 0.54

Results presented as number (percent) or median (interquartile range).
aIncludes diagnosis of hypertension, hepatitis C, hyperlipidemia, diabetes, and coronary artery disease.
CD4, CD4 T-cell.
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for elderly individuals with a baseline SPPB score of 7 to 9.44

The authors of that study projected from their results that
about 10% of women aged 65 to 69 years with an SPPB score of
9 or lower would be disabled by one 1 year, increasing to 39%
of women aged 85 to 89 years with an SPPB score of 9 or
lower.44 This portends that younger HIV-infected women
with low SPPB scores may have higher utilization of health-
care resources and risk of disability in the future. As the
number of HIV-infected individuals living into older age will
only continue to increase, additional research on physical
function and disability in this population is needed.

A recently published study that assessed physical function
in HIV-infected individuals aged 45 to 65 years on ART for at
least 6 months20 found that, whereas a similar proportion of
subjects had poor function, as defined by an SPPB score less
than 9 in that study (7% in their population vs. 9% in our
population), significantly more subjects in that cohort had no
physical-function deficits compared to our cohort (62% vs.
45%, p = 0.01). Although that study population20 is similar to
our cohort in terms of age, median current CD4 > 500 cells/
mm3, and proportion of current smokers, that cohort con-
sisted primarily of Caucasian (74%) men (85%) who have sex
with men as their HIV risk factor (65%), which is starkly dif-
ferent compared to our study population. Women in the
general population, as well as those with HIV infection, ap-
pear to be at increased risk for poor physical function10,14,15,20;
however, the population in the study by Erlandson et al. and
our cohort are too different to directly compare whether the
difference in SPPB performance between the two groups is
related to gender. To our knowledge, only two previous
studies have assessed physical function and HIV infection in
predominantly female populations.11,14 Terzian et al. found
that the overall frailty prevalence in a younger cohort of HIV-
infected women (median age 41 years, IQR 36–47 years) was
less than 10%, which was similar to an HIV-uninfected com-
parison group.11 In a study of South Africans consisting of
74% women, HIV-infected individuals were at increased risk
for frailty compared to HIV-uninfected subjects; however, less
than 20% of that cohort was aged 50 or older, and increased

risk of frailty was significantly associated with increasing age
in women but not men.14 As the subjects in that study were
relatively young, further study is needed to see how HIV in-
fection impacts physical function as women age.

Forty percent of subjects in our study had one medical
comorbidity (including hypertension, hepatitis C, hyperlip-
idemia, diabetes, and coronary artery disease), and 35% had
two or more medical comorbidities. Women with greater
numbers of medical comorbidities were more likely to have
poor SPPB performance. This raises the question whether
there is truly a connection between poor physical function and
HIV infection or whether poor physical function in HIV-in-
fected individuals is due primarily to comorbidities, such as
hypertension and diabetes. A greater proportion of women in
the low-SPPB-score group had diabetes, hypertension, and
hepatitis C. However, these differences were not statistically
significant when compared to women with an SPPB score
greater than 9. Since this study was not powered to assess
differences in prevalence of individual comorbid conditions,
these findings must be replicated in larger studies. Because we
were interested in the link between inflammatory biomarkers
and poor physical function, we chose to focus this study on
cardiovascular comorbidities and hepatitis C, which have
previously been shown to be associated with increased in-
flammation.28,38–41 Since we were focused on inflammatory-
associated comorbidities, we did not collect information on
chronic obstructive pulmonary disease (COPD) or anemia,
which have been associated with self-reported fatigue and
poor function.18,46 Additionally, we felt that COPD diagnosis
was likely to be underdiagnosed and reported in the clinical
records of this patient population. The high frequency of co-
morbidities in our cohort composed of 91% racial and/or
ethnic minority women appears consistent with what is ob-
served in minority women of a similar age in the general U.S.
population with regard to high BMI,47 hypertension,48 hy-
perlipidemia,49 and diabetes49 and the consequent increased
risk for obesity and related complications.47 The association
between non-HIV-related comorbidities and poor physical
function seen in our study is in line with prior studies focused
largely on men.13,15,17,19 Women with poor SPPB performance
were also more likely to be current smokers. Cigarette
smoking has been associated with worse physical function in
some studies of HIV-infected and uninfected individu-
als13,20,50 but not others11,20; however, it is unclear from our
analysis whether cigarette smoking is a risk factor for other
medical comorbidities or is directly associated with poor
physical function.

The median BMI (30.5 vs. 27.9) was higher in the poor-
physical-function group, and a larger proportion of women in
that group were obese as defined by BMI of 30 or greater (54%
vs. 37%); however, these differences were not statistically
significant. This is in contrast to a previous study of 40 HIV-
infected individuals aged 50 or older on stable ART, which
found that poor physical function was associated with higher
BMI, truncal obesity, and fat mass.21 Notably, sarcopenic
obesity has been described as a condition of increasing body
weight coupled with decreasing body mass51 and has been
associated with increased risk of declines in physical func-
tion.52,53 We did not collect information on body composition,
and the phenomenon of frailty and decreased muscle mass in
obese HIV-infected individuals warrants further exploration
in future studies.

FIG. 1. Percentage of subjects with Short Physical Perfor-
mance Battery (SPPB) scores £ 9 (solid bars) and SPPB > 9
(open bars) for variables associated with performance on
SPPB. Comorbidities (Co-M) include hypertension, hepatitis
C, hyperlipidemia, diabetes, and coronary artery disease.
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Although lower CD4 count has been associated with in-
creased risk of frailty in multiple studies,11,12,14,16,17 current or
nadir CD4 count was not statistically different between the
low- and high-SPPB groups. A smaller proportion of women in
the low-SPPB-score group had a viral load £ 75 copies/mL;
however, this study was underpowered to assess the rela-
tionship between low SPPB score and CD4 count or HIV viral
load. We did not collect information on prior opportunistic
infection history or AIDS-defining events other than nadir CD4
count. In order to control for higher levels of inflammation due
to untreated HIV, all participants in this study were on stable
ART for at least 6 months. Two-thirds had a CD4 count ‡ 500
cells/mm3, and 89% had a viral load £ 75 copies/mL; there-
fore, our population likely has better physical function com-
pared to the group of HIV-infected women over age 40 as a
whole. In addition, only one subject who completed the
physical-function assessment was older than 65. Thus, the
burden of poor physical function in HIV-infected individuals is
likely to increase as this population continues to age.

As seen in studies of the elderly and individuals with other
chronic conditions,32–37,54 higher levels of IL-6 and sTNFR1
were associated with worse physical-function performance in
HIV-infected women in our study. It is unclear from this
cross-sectional study whether these inflammatory-profile
differences are truly related to worse physical-function per-
formance or simply a marker of the increased burden of co-
morbidities seen in the low-SPPB-score group. One study has
looked at the association between inflammation and immune
activation and functional impairment in HIV-infected indi-
viduals and found that after adjustment for CD4 count, to-
bacco use, and hepatitis B and C, poor physical function was
associated with low CD4 count, high CD8 count, low
CD4:CD8 ratio, immune activation as evidenced by percent of
CD38/HLA-DR/CD8 T-cells, and increased level of IL-6 but
not markers of microbial translocation (including LPS) or
immune senescence.29 TNF-alpha and sCD14 were associated
with increased risk of poor function in unadjusted, but not
adjusted, analysis in that study, which was conducted in a
predominantly male and Caucasian population.29 As both
elderly and HIV-infected individuals have increased levels of
inflammatory biomarkers, it makes sense that higher inflam-
matory profile could be a contributor to the diminished
physical function seen in those with HIV. One study showed
that elevated inflammatory biomarkers in ART-treated indi-
viduals were associated with an HIV viral load ‡ 500 copies/
mL or CD4 count < 200 cells/mm3,28; however, almost none
of our subjects met these criteria.

Strengths of our study included that it was conducted in a
population of predominantly minority women, with a racial
and ethnic breakdown representative of HIV-infected women
in the United States as a whole.55 To our knowledge, only one
other study of physical function has focused solely on women
with HIV.11 In addition, the physical-function assessment was
conducted by trained exercise physiologists under standard-
ized conditions.

There are some limitations to this study. Although 20% of
subjects performed poorly on the SPPB, the SPPB was de-
signed for elderly populations. The median SPPB score of 11
out of 12 in our study suggests that there is likely a ceiling
effect to the SPPB in that some of our subjects who performed
well on the SPPB may have physical-function limitations that
would be apparent on a more rigorous test of physical func-

tion. The benefit of using the SPPB, however, is that it can
easily and quickly be conducted in a clinical setting with
minimal training for staff. Although we felt that it was im-
portant to limit the study to women with well-controlled HIV
in order to limit variation in inflammation due to untreated
HIV infection, the fact that all subjects were on stable ART and
that the majority had a high CD4 T-cell count and HIV viral
load of 75 copies/mL or lower means that our findings are
likely not generalizable to the entire population of HIV-
infected women over age 40. In addition, our study popula-
tion was relatively young, with only five women aged 60
years or older; however, the age distribution of our cohort is
representative of English-speaking women over 40 years of
age on ART in our large female patient population. Further
research will need to be done to assess the rate of decline in
physical function as the population of HIV-infected women
grows older. Finally, although we were able to compare the
prevalence of poor SPPB score in our population with studies
of older individuals in the general population and a largely
male HIV-infected cohort, we were unable to include an age-
and race/ethnicity-matched HIV seronegative comparison
group, and an appropriate HIV-negative comparison group
will be important for future research.

Conclusions

Our cross-sectional study identified 20% of relatively
young HIV-infected women with poor physical function de-
spite treatment with ART and good levels of immune recon-
stitution and viral suppression. Women with inflammatory
comorbidities and higher systemic inflammation were at in-
creased risk for poor physical function. A better understand-
ing of the relationship between chronic inflammation and
poor physical function in HIV-infected individuals will be
necessary in order to decrease risk for disability at a younger
age in this population. These issues warrant exploration in a
larger longitudinal study.
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