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Background. People with human immunodeficiency virus (PWH) are at risk for accelerated development of physical function
impairment and frailty; both associated with increased risk of falls, hospitalizations, and death. Identifying factors associated with
physical function impairment and frailty can help target interventions.

Methods. 'The REPRIEVE trial enrolled participants 40-75 years of age, receiving stable antiretroviral therapy with CD4" T-cell
count >100 cells/mm”, and with low to moderate cardiovascular disease risk. We conducted a cross-sectional analysis of those con-
currently enrolled in the ancillary study PREPARE at enrollment.

Results. Among the 266 participants, the median age was 51 years; 81% were male, and 45% were black, and 28% had hyperten-
sion. Body mass index (BMI; calculated as weight in kilograms divided by height in meters squared) was 25 to <30 in 38% and >30
in 30%, 33% had a high waist circumference, 89% were physically inactive, 37% (95% confidence interval, 31%, 43%) had physical
function impairment (Short Physical Performance Battery score <10), and 6% (4%, 9%) were frail and 42% prefrail. In the adjusted
analyses, older age, black race, greater BMI, and physical inactivity were associated with physical function impairment; depression

and hypertension were associated with frailty or prefrailty.
Conclusions.

Physical function impairment was common among middle-aged PWH; greater BMI and physical inactivity are

important modifiable factors that may prevent further decline in physical function with aging.
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With combination antiretroviral therapy (ART), longer life ex-
pectancy in people with human immunodeficiency virus (HIV)
(PWH) is changing the demographics of the HIV epidemic.
Nearly half of PWH in the United States are now >50 years [1].
However, even with long-term effective ART, physical func-
tion impairment and frailty occur at an earlier age, are more
common than among people without HIV, and have been as-
sociated with increased risk of falls, hospitalizations, and death
[2-4]. Furthermore, the combination of both HIV infection and
impaired physical function is associated with a greater mor-
tality risk than the presence of HIV infection or impaired func-
tion alone [5, 6]. Consequently, the aging PWH population is
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an emerging risk group for accelerated development of mobility
disability, presenting an urgent need for ways to improve phys-
ical function and prevent its early decline.

Validated tools have been developed to characterize physical
impairment among older populations in which impairment has
significant health consequences in the short term [7]. Older
adults with physical impairment are particularly vulnerable to
additional stressors [8], and they are frequently unable to access
the resources and rehabilitation needed to return to a higher
level of functioning, often resulting in frailty [9]. Identifying
those at highest risk for physical function decline before frailty
and disability develop would allow for prevention and early,
more effective interventions [10-12].

Our aim was to evaluate the prevalence and degree of phys-
ical function impairment and frailty at enrollment among
PWH in the AIDS Clinical Trials Group (ACTG) study A5361s
(Pitavastatin to REduce Physical Function Impairment and
FRailty in HIV [PREPARE]; NCT03070223), an ancillary study
of REPRIEVE (Randomized Trial to Prevent Vascular Events
in HIV; NCT02344290) [13]. As the clinical relevance of frailty
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among middle-aged individuals is not well understood, we also
explored the associations between objective measures of phys-
ical function using (1) a standard index validated in geriatric
populations (the Short Physical Performance Battery [SPPB])
[7], (2) a modified version of the SPPB (mSPPB) that has been
implemented in healthier, higher functioning cohorts [14], and
(3) the frailty phenotype [15]. Finally, we investigated associ-
ations of demographic, clinical, and behavioral characteris-
tics with physical function impairment, evaluated using both
standard and modified tools, and frailty.

METHODS

Study Participants

The analysis included REPRIEVE participants enrolled at US
ACTG sites who concurrently enrolled into the physical func-
tion ancillary study PREPARE. REPRIEVE enrolled men and
women living with HIV, 40-75 years of age, receiving stable
combination ART, with CD4" T-cell count >100 cells/mm”’ and
with low-to-moderate traditional cardiovascular disease (CVD)
risk, as represented by cardiac risk score [13]. Participants were
randomized to pitavastatin calcium or placebo. Key exclu-
sion criteria included current diabetes mellitus if low-density
lipoprotein cholesterol levels were >70 mg/dL, chronic active
hepatitis B or C infection unless fibrosis score indicated no sig-
nificant liver fibrosis (FIB-4 <3.25) [16], and myositis or myop-
athy within 180 days. PREPARE prioritized recruitment from
the REPRIEVE Mechanistic Substudy, which will evaluate the
effect of statins on coronary artery disease and inflammatory
biomarkers. The Mechanistic Substudy participants were sub-
ject to additional eligibility criteria, including body mass index
(BMI) <40 (calculated as weight in kilograms divided by height
in meters squared) [17].

Physical Function and Frailty Measures

Evaluations were conducted at each site by trained personnel.
Physical function was evaluated by the SPPB [7] and mSPPB
[14], with evaluation consisting of (1) a balance test, testing
the ability to hold 4 positions of increasing difficulty for 10
and 30 seconds (side-by-side, semitandem, tandem, and 1-leg
stands); (2) a 4-m walk at usual pace, measured twice; and (3)
10 repeated chair stands, with split times obtained after 5 and
10 stands.

The SPPB score (ordinal from 0 [worst] to 12 [best]) was cal-
culated as described elsewhere (7, 18]. To further differentiate
gradations of physical performance, the mSPPB score (ranging
from 0 to 3 [maximal performance]) [14] was calculated as a
sum of the following 3 components, each divided by the max-
imal possible performance to derive a ratio between 0 to 1: (1)
chair rise rate (stands per second), based on 10 chair stands di-
vided by maximal performance of 1 stand per second; (2) pro-
portion of total standing balance time, calculated as the total
time each of the semitandem, tandem, and 1-leg stand positions

were held (maximum 30 seconds each), divided by 90 seconds;
and (3) gait speed (meters per second), based on an average
of the two 4-m walk results, divided by maximal performance
(2 m/s). The following cutoff points were used to define impair-
ment: SPPB score <10 [5], >16.7 seconds to complete 5 chair
stands [18], and gait speed <1 m/s [19, 20].

The frailty phenotype was defined using the following com-
ponents: (1) weight loss (self-report of unintentional weight
loss of >10 pounds in the prior year), (2) exhaustion (experien-
cing at least 3-4 times per week the feeling that “everything I do
is an effort” or “sometimes I cannot get going”), (3) low physical
activity (being “limited a lot” in response to the Short Form 36
question: “Does your health limit you in vigorous activities such
as running, lifting heavy objects, or participating in strenuous
sports?”), (4) slow gait by average of two 4-m walk times, and
(5) weak grip by average of 3 measurements performed with a
handheld Jamar dynamometer. Grip was classified by sex and
BMI, using criteria published elsewhere [15]. Gait was classi-
fied by sex and height [15], with the cutofts adjusted for 4-m
walk, and low physical activity was modified from the initial
criteria [15], as described elsewhere by Erlandson et al [21].
Participants were classified as nonfrail if they had no compo-
nents present, prefrail with 1 or 2 components present, or frail
with >3 components present.

Covariates

Baseline demographics evaluated in association with phys-
ical function included age, natal sex, race, and ethnicity.
Behavioral characteristics included self-reported smoking
status, substance use, alcohol use, and physical activity.
Report of both “rarely/never” doing <30 minutes of phys-
ical activity >3 days a week (Rapid Eating Assessment for
Patients [REAP] question 26) [22] and “rarely/never” having
>2 hours of screen time per day (REAP question 27) was
classified as physically active. Cardiovascular and metabolic
factors included hypertension diagnosis, BMI, and waist cir-
cumference. HIV-related factors included time since HIV
diagnosis (subsequently referred to as HIV duration), his-
tory of AIDS (AIDS-defining illness or nadir CD4" T-cell
count <200 cells/mm?) [23], CD4" T-cell count, total cu-
mulative ART use, and exposure to thymidine analogues.
Among other comorbid conditions, the history of depression
(self-report of ever having been treated for depression with
medication) was evaluated. Further information on methods
for ascertainment of these REPRIEVE data elements and
their presentation is provided in the introductory article and
associated material in the current supplement [24].

Ethics Statement

Each clinical research site obtained institutional review board/
ethics committee approval and any other applicable regula-
tory entity approvals. Participants were provided with study
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information, including discussion of risks and benefits, and
were asked to sign the approved declaration of informed
consent.

Statistical Analysis

The proportions of participants with physical function im-
pairment and frailty were summarized along with 2-sided 95%
confidence intervals (CIs), using the Wilson score method.
Spearman correlation tests were used for associations between
physical function measures and frailty.

To evaluate associations between physical function and base-
line characteristics, the primary analysis used SPPB score <10
as the outcome measure. Each covariate was first evaluated in
a separate logistic regression model (the unadjusted models).
Covariates with P < .05 in the unadjusted models were included
in the adjusted model. As a supporting analysis, linear regres-
sion was used with mSPPB score (continuous) as the outcome
measure, including covariates identified from SPPB or mSPPB
unadjusted models. Owing to collinearity between age, HIV
duration, ART duration, and thymidine analogue exposure,
age and thymidine exposure were prioritized for inclusion in
the adjusted model. Similarly, BMI and waist circumference
were strongly associated; BMI was included in the adjusted
model when either variable had P value <.05 in the unad-
justed models, owing to missing data for waist circumference.
Although the sample size to assess interactions was limited, key
interactions were considered, including age, sex, race, and BML.
Associations with frailty phenotype were also examined, using
logistic regression.

Two-sided P values < .05 were considered to indicate statis-
tical significance, with no adjustment for multiple testing in this
exploratory analysis. The data analysis was conducted using
SAS software, version 9.4 for UNIX (SAS Institute).

RESULTS

Analysis Population Description

A total of 601 eligible participants enrolled into PREPARE. Of
those, 335 were enrolled retrospectively after they had started
REPRIEVE study treatment. The current analysis focused
on the 266 participants who enrolled into REPRIEVE and
PREPARE concurrently and underwent physical function eval-
uation before starting REPRIEVE study treatment (referred to
as baseline).

Baseline Characteristics of Analysis Population

The 266 participants with baseline physical function assess-
ments were enrolled across 29 ACTG centers in the United States
between March 2017 and February 2018; 62% were coenrolled
in the REPRIEVE Mechanistic Substudy. Baseline characteris-
tics are shown in Table 1. Briefly, the median age was 51 years
(only 1 participant was >65 years old), 81% were male, and
45% were black or African American (subsequently collectively

referred to as black). Thirty percent had a BMI >30, including
9% with BMIs >35 to <40 and 3% with BMIs >40, and 33% had
a high waist circumference. Eighty-nine percent were classified
as not physically active. Twenty-four percent reported “usually/
often” and 30% reported “sometimes” engaging in <30 minutes
of physical activity >3 days a week (REAP question 26), and
54% reported “usually/often” and 29% “sometimes” having >2
hours of screen time per day (REAP question 27).

The distributions of key baseline characteristics were sim-
ilar to those of the overall REPRIEVE US participants enrolling
during the same time frame (not shown). More integrase strand
transfer inhibitor-containing ART use was observed among
PREPARE participants not included in this analysis, likely re-
flective of the time of enrollment, as discussed by Fichtenbaum
et al [25]. Excluded participants also had higher proportion
with white race and lower BMI; distributions of other charac-
teristics were similar between the 2 groups (not shown).

Prevalence of Physical Function Impairment and Frailty

The prevalence of physical function impairment (SPPB
score <10) was 37% (95% CI, 31%, 43%), with scores ranging
from 7 to 12 (Figure 1A). The chair stand component demon-
strated the most frequent limitations: 62% of the participants
had some evidence of impairment on the 5 chair stands, in-
cluding 12% with the greatest impairment (requiring >16.7 sec-
onds to complete 5 stands). The median mSPPB score was 1.88
(Q1, Q3, 1.70, 2.03), driven mostly by slower chair rise rate and
gait speed (Figure 1B). Twenty-five percent of participants were
unable to complete the balance assessment, and 54% had slow
gait (<1 m/s).

Of the 261 participants with data available, 6% were frail
(95% CI, 4%, 9%) and 42% were prefrail (Figure 2). The most
prevalent frailty components were weak grip (25%) and exhaus-
tion (21%). Of the 15 participants classified as frail, 12 had 3
of the 5 frailty components present, and only 3 had >3 compo-
nents. There was a strong association between frailty and SPPB
score (Figure 1A): 23% of the nonfrail, 46% of the prefrail, and
93% of the frail participants had an SPPB score <10 (P < .001).
Similarly, differences by frailty were apparent in mSPPB, with a
median score of 1.94 (Q1, Q3, 1.81, 2.05) among the nonfrail,
1.81 (1.64, 1.95) among the prefrail, and 1.56 (1.18, 1.78) among
the frail participants (P < .001; Figure 1B).

Associations Between Covariates and Physical Function Impairment

In unadjusted analyses, older age, black race, >10 years of ART,
thymidine exposure, higher BMI, higher waist circumference,
hypertension, and lack of physical activity were associated with
physical function impairment (SPPB score <10; Figure 3A). In
adjusted analysis, older age, black race, higher BMI, and lack of
physical activity remained associated with physical function im-
pairment. The effect of thymidine exposure was attenuated by
age, which is probably reflective of thymidine exposure among
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Table 1. Baseline Characteristics®

Table 1. Continued

Participants, No. (%)

Participants, No. (%)

Characteristic Descriptor (N = 266) Characteristic Descriptor (N = 266)
Demographic and Behavioral Chronic active HBV 5(2)
Age, y Median (Q1, Q3) 51 (46, 55) Chronic active HCV 114
Natal sex Female 50 (19) Abbreviations: ART, antiretroviral therapy; BMI, body mass index; HBV, hepatitis B virus;
Male 216 (81) HCV, hepatitis C virus; HIV, human immunodeficiency virus; INSTI, integrase strand transfer
. . . inhibitor; NNRTI, nonnucleoside reverse-transcriptase inhibitor; NRTI, nucleoside reverse-
Gender identity Cisgender 254 (98) transcriptase inhibitor; Pl, protease inhibitor.
Transgender spectrum 6(2) #Frequency (%) for categorical measures, median with lower and upper quartiles (Q1, Q3)
Race Black or African American 121 (45) for continuous measures. All statistics were calculated based on participants with data col-
White 125 (47) lected. Data were missing for gender identity in 6 participants, for alcohol use and physical
B activity in 1 each, for waist circumference in 10, and for HIV-1 RNA level in 12.
Other 20 (8) The “other” category for race includes participants self-identifying as Asian, native or in-
Ethnicity Hispanic or Latino 49 (18) digenous, of >1 race (with no single race noted as predominant), or of unknown race.
Not Hispanic or Latino 216 (81) °BMl is calculated as weight in kilograms divided by height in meters squared.
Unknown 1(<0.5)
Smoking status Current 84 (32)
Former 82 (31) older participants (not shown). Similar associations were ob-
Never JeolEty served with the mSPPB score. In addition, hypertension and
Alcohol use Usually/often 17 () . . . . .
: smoking were associated with lower mSPPB in the adjusted anal-
Sometimes 58 (22)
Never/rarely 190 (72) ysis (Figure 3B). The association observed between thymidine
Substance use Current 6(2) exposure and physical function impairment (SPPB score <10)
Former 138 (52) was weaker in the unadjusted analyses of mSPPB, and further
Neser 22 0) attenuated by age in the adjusted analysis. For SPPB and mSPPB,
Physical activit Acti 28 (M . . .
ysical acivity e ) we did not find a difference in age or BMI effect by sex or race,
Not active 237 (89) . .
. . nor an interaction between sex and race (not shown).
Cardiovascular and Metabolic
History of hypertension 74 (28) For evaluation of associations with frailty phenotype, frailty
History of diabetes 1(<0.5) and prefrailty were combined, given the limited number of frail
BMI® <185 2 participants (n = 15). Only depression and hypertension were
18.5-24.9 83 (31) associated with higher odds of frailty or prefrailty in the ad-
25-299 107(38) justed analysis (Supplementary Figure 1)
>30 80 (30) ) 4 pp Y8 '
Waist circumference High 85 (33)
Normal 171 (67)
HIV-Related Health Status DISCUSSION
Time since HIV diagnosis, y Median (Q1, Q3) 15 (9, 22)
Nadir CD4* T-cell count <200 cells/mm? 123 (46) With the increasing lifespan of PWH, clinicians are confronted
2200 cells/mm’ 130 (49) with a growing number of aging PWH with physical function
Unknown s limitations that contribute to excess morbidity rates and re-
History of AIDS diagnosis 138 (562) . . .
duced quality of life. It remains unclear how health and behav-
CD4* Tcell count, cells/mm?® Median (Q1, Q3) 610 (437 840) ) q Y ) ) i
HIV-1 RNA level <50 copies/mL 235 (93) ioral factors during early adulthood and middle age contribute
>50 copies/mL 19 (7) to the progressive physical function decline that appears earlier
Total ART use, y Median (Q1, Q3) 11 (6, 16) in PWH. In this REPRIEVE ancillary study, we evaluated fac-
Thymidine exposure 91 (34) tors associated with physical function impairment and frailty
ART regimen class NRT! + INSTI 158 (60} among individuals receiving stable ART with low-to-moderate
NRTI + NNRTI 42 (16) . . .
NRT! + Pl 31 (12) CVD risk and no overt CVD, thus without some of the risk fac-
N
Other 33 (12) tors commonly associated with frailty and functional impair-
Other Comorbidities ment in older adults. In our population with a median age of
History of non-AIDS cancer 14 (5) 51 years, whereas overt frailty was uncommon, impairment in
History of kidney disease 5(2) measures of physical function (most commonly in the ability
History of depression 133 (50)

to rise from a chair) and prefrailty occurred in nearly half of
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Figure 1. A, Short Physical Performance Battery (SPPB) score by frailty phenotype. The SPPB score and its components (repeated chair stands, balance, walk time) are

shown with bars stacked by frailty phenotype. SPPB components are scored from 0 to 4, with 4 indicating the highest level of performance. The total SPPB score (sum of the
3 components) ranges from 0—12, with 12 indicating the highest level of performance. Pvalue is for the test of the association between SPPB score (both ordinal from 0 to
12, and classified as <10 or >10) and frailty phenotype (Spearman correlation test). *Percentage of participants with SPPB score <10, with 2-sided 95% Wilson confidence
interval. B, Modified SPPB (mSPPB) score by frailty phenotype. The mSPPB score and its components (chair rise rate, standing balance time proportion, gait speed) are shown
overall (histogram) and by frailty phenotype (density lines). mSPPB components are scored from 0 to 1, with 1 indicating the highest level of performance. The total mSPPB
score (sum of the 3 components) ranges from 0 to 3, with 3 indicating the highest level of performance. Pvalue is for the test of the association between mSPPB score and

frailty phenotype (Spearman correlation test).

participants. Although impairment, as indicated by the SPPB
and mSPPB, and frailty were strongly associated with each
other, the ceiling effect of the SPPB and floor effect of frailty
may limit the use of these measures to identify early impair-
ment in this relatively young population (ie, compared with
populations >65 years). Finally, the observed modifiable fac-
tors associated with impairment identified important targets
to potentially alter the trajectory of impairment and frailty in
this population, including interventions to increase physical ac-
tivity, improve strength, and achieve a healthy body weight.
Physical function impairment in our study appeared mostly in
strength (grip) and power (the ability to rise from a chair), impor-
tant manifestations of skeletal muscle function. Impairments in
skeletal muscle are well recognized in PWH. Lean mass, a marker
with skeletal muscle quantity, declines over time in PWH [26],
with steeper decline than in uninfected controls [27]. PWH may
also have poorer skeletal muscle quality, as evidenced by fatty in-
filtration [28, 29]. The cause of this association in PWH is un-
known, but increasing evidence suggests that newer ART agents
are associated with clinically significant overall weight gain in
some populations [30]. As greater weight gain is associated with
greater fatty muscle infiltration, this ART-associated weight gain
is expected to further worsen skeletal muscle quality [31]. Other
studies have reported that PWH have an atypical skeletal muscle

B
g 28.7%
=
3 bl 570 5 00
5 13.0% } rail: 5.7% (3.5%, 9.3%) :
A
4.6% o
0.8% 0.4%
N: 137 75 34 12 2 1
T T T T T T
0 1 2 3 4 5
Frailty Components Present, No.
504
40+
30

25.0%

Participants, %

N: 263 264 264 266 264
T T T T

T

Weight loss Exhaustion  Low activity Slow gait Weak grip

Frailty Component

Figure 2.  Frailty phenotype and prevalence of individual frailty components. Top,
Percentage of participants by the number of frailty components present, with bars
colored by frailty phenotype. For the percentage of participants who are frail, the
2-sided 95% Wilson confidence interval is provided. Bottom, Percentage of partici-
pants with each individual frailty component present.
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Figure 3. A, Associations with physical function impairment. Estimates are from logistic regression models with physical function impairment (Short Physical Performance
Battery [SPPB] score <10) as the dependent variable. Odds ratios (OR) and confidence intervals (Cls) are shown in log scale for visual purposes. Each unadjusted model
includes a single covariate. The adjusted model includes all covariates with Pvalues <.05 in the unadjusted models. *P < .05 in the adjusted model. B, Associations with
modified SPPB Score (mSPPB). Estimates are from linear regression models, with mSPPB score as the dependent variable. Each unadjusted model includes a single covariate.
The adjusted model includes all covariates with Pvalues <.05 in the unadjusted models for mSPPB or for SPPB score <10 (A). For alcohol use, in both A and B, note that
"Sometimes vs rarely" is shorthand for "Sometimes or usually/often versus rarely or never." *P< .05 in the adjusted model. Abbreviations: ART, antiretroviral therapy; BMI,

body mass index.

profile with evidence of fibrosis [32, 33]. Furthermore, many
ART agents have been linked to mitochondrial toxicity, a key
driver of energy production within skeletal muscle [34]. Our ob-
served association between prior thymidine analogue exposure
and physical function and frailty, albeit slightly attenuated in the
adjusted analyses, may suggest a potential residual effect of older
ART agents on mitochondrial function or skeletal muscle itself.
Associations between physical function and muscle quality in
these participants will be further examined in our future analyses
of muscle density measured by computed tomography.

The evidence of existing muscle impairment in our population
underlines the importance of this study of statins in HIV. Early evi-
dence of a potential beneficial statin effect on body composition was
demonstrated in a placebo-controlled study of pravastatin among
men with HIV infection and hypercholesterolemia, the majority of
whom also had lipoatrophy. A significant increase in total, limb, and
subcutaneous fat was demonstrated in participants randomized to
pravastatin versus placebo, suggesting a beneficial statin effect on
lipoatrophy [35]. A subsequent large observational cohort study of
PWH found a greater increase in thigh circumference among statin
users also taking thymidine analogues, suggesting a beneficial statin
effect on muscle [36].

In a randomized, placebo-controlled study of rosuvastatin
(SATURN-HIV), participants randomized to rosuvastatin ex-
perienced gains in total lean body mass and leg lean mass than
those randomized to placebo, without differences in total body
fat or limb fat [37]. Although the prevalence of myalgias may be
as high as 20% in clinical practice [38], the risk of myalgias with
statin therapy is similar to placebo in randomized controlled
clinical trials [39], and it was only 2% in a clinical trial of PWH
receiving pitavastatin [40]. Although data suggest that myalgias
are not associated with decreased physical function [41, 42], ob-
servational cohort studies have reported lower strength, phys-
ical activity, and lean mass among participants using statins
[43-45] that may contribute to development of frailty. The pres-
ence of frailty may further increase the risk of statin-associated
musculoskeletal symptoms [46]. The combination of statins
with some antiretrovirals may lead to drug-drug interactions
in PWH [47] and PWH may be less responsive to statin therapy
than HIV-uninfected persons [48], requiring higher doses
of potent therapy associated with greater toxicity. Whether
the statin strategy tested in this trial has a beneficial effect on
muscle mass, quality, and function over time will be evaluated
in our longitudinal assessments.
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Figure 3. Continued.

Our findings suggest that chair stand time may be a useful
screening tool in this higher-functioning population. Many
tools (eg, SPPB and frailty phenotype) were developed for older
populations (ie, >65 years), and their ability to detect early im-
pairment in younger populations such as ours has not been
validated. In the current study, as in prior work [49], we dem-
onstrated the ceiling and floor effects of the SPPB and frailty,
respectively. In contrast, subtle changes in mobility measures
involving the lower extremities (eg, chair stand time) may be
detectable at an earlier age. In our prior work, in a middle-aged
cohort of PWH (aged 45-65 years), 18% had slow gait (an SPPB
score of <3, corresponding to < 1.2 m/s), and 10% had weak
grip, while 33% had evidence of impaired chair stand time (de-
fined as an SPPB score <3) [49]. Similarly, chair stand impair-
ment was common in the ALIVE cohort of people who inject
drugs, with or without HIV infection (median age, 51 years):
42% of participants had evidence of impaired chair stand time
(SPPB component score <3) compared with 28% with slow gait
(SPPB component score <3) [5]. Importantly, lower-extremity
strength impairment seems to be a strong predictor of subse-
quent disability in the general population, as reported for nu-
merous other cohorts of both higher- and lower-functioning
older individuals [50-54].

Although frailty was uncommon (6%), prefrailty was quite
common (42%). The observed low prevalence of frailty was sim-
ilar to findings reported in other PWH populations of similar
age and HIV or ART duration, reviewed by Piggott et al [55].
Given that frailty and CVD increase with age and have similar

underlying pathogenesis (inflammation and immune activa-
tion) [55, 56] and modifiable risk factors (inactivity, smoking,
poor nutrition, and hypertension), our observed low preva-
lence of frailty is not surprising. The relevance of prefrailty is
uncertain, though data from a cohort of PWH, aged >45 years,
suggested that prefrailty may be associated with subsequent car-
diovascular events [57].

In contrast to our findings with SPPB and mSPPB, frailty
was associated with a history of depression. There is substan-
tial overlap between symptoms of depression and components
of the frailty phenotype [58]. Indeed, exhaustion, a common
symptom of depression, was seen in 21% of participants and
may contribute to the low levels of physical activity and slow
gait, components of the frailty phenotype. Similarly, depression
may suppress appetite and contribute to the weight loss com-
ponent of frailty. It is not clear whether frailty and prefrailty
are describing depressive symptoms in this relatively younger
population or are measuring the same physiologic vulnera-
bility to stressors described in older populations. Because the
prevalence of depressive symptoms is approximately 3 times
greater in PWH [59], the performance of frailty phenotype in
this population with frequent comorbid depression may be lim-
ited. However, depression is also strongly associated with in-
creased risk for CVD [60]. Thus, future analyses of PREPARE
follow-up will examine the independent contribution of frailty
(or prefrailty) and depression to cardiac events.

Several limitations should be acknowledged. Our study rep-
resents individuals enrolling into a clinical trial and may not
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be representative of the overall population of PWH. The lack
of an HIV-uninfected control group does not allow us to eval-
uate how these associations differ by HIV serostatus. Similarly,
the inclusion and exclusion criteria may have limited the ability
to identify important comorbid conditions or risk factors. The
number of women was small, limiting the ability to detect effects
by sex. Finally, the associations identified in this cross-sectional
analysis may not reflect causation or directionality. Regardless
of these limitations, the study incorporates a variety of physical
function assessments and represents a racially and ethnically di-
verse population from across the United States, recruited in the
modern era of ART.

In summary, in a population of PWH at low-to-moderate
CVD risk, physical function impairment, particularly im-
pairment of muscle strength, was common, whereas overt
frailty was uncommon. Many factors associated with physical
function impairment are modifiable, and early interventions
targeting these may have long-lasting effects on health span.
Interventions to increase physical activity and reduce BMI,
hypertension, and smoking may not only slow development
of physical function impairment but may also decrease the
risk of CVD, cancer, and numerous other age-associated co-
morbid conditions [61]. Furthermore, with growing evidence
of weight gain with newer ART agents [30], the impact of
BMI and physical inactivity is becoming increasingly relevant
with worldwide use of these agents. Further research on the
impact of routine incorporation of objective assessments of
physical function impairment and frailty, together with inter-
ventions designed to reduce or delay them, is warranted to
improve care and outcomes in PWH.
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