
Frailty, HIV Infection, and Mortality in an Aging Cohort of
Injection Drug Users
Damani A. Piggott1,2*, Abimereki D. Muzaale1,2, Shruti H. Mehta2, Todd T. Brown1,2, Kushang V. Patel3,

Sean X. Leng1, Gregory D. Kirk1,2

1 Johns Hopkins University School of Medicine, Baltimore, Maryland, United States of America, 2 Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland,

United States of America, 3 University of Washington School of Medicine, Seattle, Washington, United States of America

Abstract

Background: Frailty is associated with morbidity and premature mortality among elderly HIV-uninfected adults, but the
determinants and consequences of frailty in HIV-infected populations remain unclear. We evaluated the correlates of frailty,
and the impact of frailty on mortality in a cohort of aging injection drug users (IDUs).

Methods: Frailty was assessed using standard criteria among HIV-infected and uninfected IDUs in 6-month intervals from
2005 to 2008. Generalized linear mixed-model analyses assessed correlates of frailty. Cox proportional hazards models
estimated risk for all-cause mortality.

Results: Of 1230 participants at baseline, the median age was 48 years and 29% were HIV-infected; the frailty prevalence
was 12.3%. In multivariable analysis of 3,365 frailty measures, HIV-infected IDUs had an increased likelihood of frailty (OR,
1.66; 95% CI, 1.24–2.21) compared to HIV-uninfected IDUs; the association was strongest (OR, 2.37; 95% CI, 1.62–3.48)
among HIV-infected IDUs with advanced HIV disease (CD4,350 cells/mm3 and detectable HIV RNA). No significant
association was seen with less advanced disease. Sociodemographic factors, comorbidity, depressive symptoms, and
prescription drug abuse were also independently associated with frailty. Mortality risk was increased with frailty alone (HR
2.63, 95% CI, 1.23–5.66), HIV infection alone (HR 3.29, 95% CI, 1.85–5.88), and being both HIV-infected and frail (HR, 7.06;
95%CI 3.49–14.3).

Conclusion: Frailty was strongly associated with advanced HIV disease, but IDUs with well-controlled HIV had a similar
prevalence to HIV-uninfected IDUs. Frailty was independently associated with mortality, with a marked increase in mortality
risk for IDUs with both frailty and HIV infection.
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Introduction

Frailty is a clinical syndrome which increases in prevalence with

age and identifies older persons at higher risk for falls, disability,

institutionalization, and death [1,2]. Conceptualized as a state of

diminished reserves due to deficits across multiple physiologic

systems, frailty leads to an increased vulnerability and limited

adaptability to internal and external stressors [1,2]. A frailty

phenotype, operationalized by Fried and colleagues, predicts

adverse clinical outcomes in geriatric populations [3,4].

Since the advent of highly active antiretroviral therapy

(HAART), improved survival of HIV-infected individuals has led

to an increasing prevalence of older persons living with HIV [5,6].

However, several studies suggest that even with guideline

concordant care, HIV-infected persons have reduced life expec-

tancy relative to the general population and to HIV-uninfected

controls with similar behavioral risk [7,8].

An estimated 3.4 million persons in the U.S. report injecting

drugs at some time in their lifetime and this population of injection

drug users (IDUs) has also been aging [9]. IDUs have decreased

survival attributable to HIV and to other behaviorally-associated

comorbid disease [10,11,12].

Limited data exist regarding the determinants of frailty among

HIV-infected and drug using populations. A higher prevalence of

a modified frailty-related phenotype was observed for HIV-

infected men who have sex with men (MSM) compared to HIV-

uninfected MSM [13]. An increased prevalence of frailty was also

seen among HIV-infected women with limited immunological

recovery [14], while in an urban HIV clinic setting, frailty was

associated with prior opportunistic infections [15]. To date, no

studies have examined frailty in an IDU population. Moreover,

while frailty increases mortality risk in older HIV-uninfected

persons, the effect of frailty on mortality among HIV-infected and

at risk IDUs is unknown.

Ensuring the healthy aging of HIV-infected and at-risk persons

may be facilitated by earlier interventions among persons at

greatest risk for adverse age-associated clinical outcomes. In the
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current study, we postulated that frailty may be an appropriate

phenotype to identify this high-risk subset. Incorporating the

objective criteria originally proposed by Fried, we sought to

characterize the demographic, behavioral, and clinical correlates

of frailty in an aging cohort of HIV-infected and HIV-uninfected

IDUs, and to assess the impact of frailty on mortality in this

population.

Methods

Study Participants
The AIDS Linked to the IntraVenous Experience (ALIVE)

cohort has prospectively followed persons with a history of

injecting drugs in a community-recruited cohort since 1988. IDUs

aged 18 years or older were recruited through street-based efforts

from 1988 through 2008 as previously detailed [16,17]. The

ALIVE study has been continually approved by the Johns Hopkins

Institutional Review Board, and all participants provided written

informed consent.

Data Collection
At semi-annual visits, ALIVE participants completed standard-

ized questionnaires and underwent clinical examination. Detailed

information obtained at each follow-up visit included socioeco-

nomic, behavioral, and clinical parameters for the prior 6 month

period. Substance use including alcohol, tobacco and illicit

injection and non-injection drug use were assessed by participant

self report of behaviors in the prior 6 month period. Comorbid

conditions ascertained included obesity (defined as a body mass

index [BMI] $30) and participant self-report of any provider

diagnosis of diabetes, hypertension, or cerebrovascular, cardiovas-

cular, renal, chronic lung, malignant, or liver disease. Hazardous

alcohol use was assessed using the Alcohol Use Disorders

Identification Test (AUDIT) [18]. Depressive symptoms were

assessed using the Center for Epidemiological Studies Depression

Scale (CES-D) [19]. Prescription drug abuse was by participant

self report of abuse of drugs prescribed to them by a physician in

the last year [20]. HAART was defined as use of at least 3

antiretroviral drugs, 1 of which was a nonnucleoside reverse-

transcriptase inhibitor, tenofovir, abacavir, or a protease inhibitor

and was reflective of use in the prior 6 months [21].

At each visit, HIV-uninfected persons had antibodies to HIV-1

assayed by enzyme-linked immunosorbent assay, with Western

blot confirmation. CD4 cell counts were measured on HIV-

infected persons at each visit using flow cytometry, and plasma

HIV-1 RNA levels determined using reverse-transcriptase PCR

methods. Mortality was assessed through linkage to the National

Death Index (NDI) with review of death certificates to confirm

correct matches.

Frailty Assessment
Frailty was assessed using the 5 original Fried criteria: slow gait,

decreased grip strength (weakness), poor endurance (exhaustion),

low physical activity, and physical shrinking (weight loss) (Table

S1) [3]. Frailty assessment was routinely performed in ALIVE at

six month intervals from July 2005 through the study period (91%

of person-visits assessed), except that in March 2007 the

assessment interval was altered to an annual basis until funding

was secured to allow semi-annual assessment again in January

2008. For the physical activity domain, in lieu of the Minnesota

Activity assessment of kilocalorie expenditure utilized by Fried, we

incorporated the self-reported response to a standardized question

on physical limitations as previously characterized in the

Multicenter AIDS Cohort Study (MACS) [13,22]. Physical

shrinking at each visit was defined as measured weight loss of

$5% body weight from the prior study visit. For analysis, we

included weight assessments that were 5 to 12 months from the last

measurement (95% of all measurements). Each frailty parameter

was considered as a binary variable (0, 1) and summed to obtain a

frailty score; $3 was considered frail, 1 or 2 considered prefrail,

and scores of 0 considered robust.

Statistical Analysis
We compared participant characteristics by HIV status and by

frailty status at baseline and by person-visits. For each person-visit,

frailty was treated as a 3 category outcome (robust, prefrail, frail).

Using all person-visits, generalized linear mixed models estimated

associations of sociodemographic, behavioral, and clinical factors

with the frailty phenotype, comparing frail to robust and prefrail to

robust. To account for the intra-person correlation within the

repeated frailty measures, participants were incorporated as

random effects, with other covariates considered fixed effects

[23]. Age was included as a continuous variable. Given the

predominance of African Americans in the cohort, self-reported

race was dichotomized as African American versus other.

Depressive symptomatology was assessed using a modified version

of the CES-D scale, removing the 2 items included in the frailty

assessment and adjusting the score to consider $21 as indicative of

depressive symptoms. In sensitivity analyses using variable CES-D

cutpoints or including the frailty-associated items, findings were

not significantly changed. An AUDIT score of $8 was considered

to be indicative of hazardous alcohol use [18]. In sensitivity

analyses excluding the period of annual frailty assessment, no

substantive changes to the covariate associations with prefrailty

and frailty were observed.

To evaluate the relationship between prefrailty and frailty with

all-cause mortality, Kaplan-Meier survival analyses and Cox

proportional hazards regression models were performed. The

index (baseline) visit, defined as the first visit for which frailty was

measured, was the time origin with observation until date of death

or for those remaining alive, December 31, 2008. Frailty status,

CD4 count, and HIV viral load were considered as time-varying

covariates. To evaluate the independent and joint effects of HIV

and frailty on mortality, we constructed a 4-category variable

combining HIV status (positive/negative) with frailty status (frail if

score $3; nonfrail if score 0–2). Given the lack of association of

prefrailty (frailty score 1–2) with increased risk of mortality relative

to the robust group, we combined the robust group with the

prefrail group to create the ‘‘nonfrail’’ group for this 4-category

variable. Unadjusted hazard ratios were estimated, with multivar-

iable models constructed based on inclusion of variables found to

be associated with the outcome and of variables considered a priori

to be important predictors of mortality. The proportional hazards

assumption was found to be reasonable by graphical assessment.

Analyses were performed using STATA (version 11; Stata Corp.,

College Station, TX).

Results

A total of 1230 ALIVE participants contributed 3365 person-

visits (median of 3 frailty measurements; IQR, 2–4). At initial

frailty assessment, the median age of participants was 48 years

(IQR, 42.9, 52.5), 89% were African American, 66% were male

and 29% were HIV-infected. Of the 3365 person-visits (Table 1),

31% were among HIV-infected persons, with a median CD4 cell

count of 296 (IQR, 168, 475) cells/uL, and a median viral load of

2.7 (IQR, 1.6, 4.4) log10 copies/ml. Recent HAART use was

reported at 54% of visits.
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At the index visit, 12.3% of participants were classified as frail

and 62.1% as prefrail. Among all 3365 person-visits, 12.4% (417

person-visits) met criteria for frailty and 60% (2020 person-visits)

criteria for prefrailty. Univariate and multivariate associations with

frailty and prefrailty are shown in Table 2. In multivariable

analysis, frailty was significantly associated with older age, female

gender, lower educational attainment, absence of a cohabitating

partner, depressive symptoms, and increased number of comorbid

conditions (Table 2). In univariate analysis, frailty was associated

with hazardous alcohol use, being homeless, and non-injection use

of illicit drugs. However, these associations did not retain

significance in multivariable analyses. HIV infection was associ-

ated with a 66% greater likelihood of frailty (OR, 1.66; 95% CI,

1.24–2.21) (Table 2, Model A). In further analysis of HIV disease

status (Table 2, Model B), having both immunosuppression (CD4

count ,350 cells) and a detectable viral load was significantly

associated with frailty (OR, 2.37; 95% CI, 1.62–3.48). There was

no significant difference in frailty between HIV-uninfected person-

visits and those of HIV-infected persons with a CD4 count $350

cells and an undetectable viral load while modest, but non-

significant associations were seen for HIV-infected IDUs with

either lower CD4 counts only or detectable viral load only. In joint

analysis of current and nadir CD4 count, current CD4 count but

not CD4 nadir was found to be significantly associated with frailty

(data not shown). In separate adjusted models, HIV-infected IDUs

not receiving HAART had a substantially greater likelihood of

frailty (OR, 1.91; 95% CI, 1.32–2.75) compared to HIV-

uninfected IDUs, although this association was substantially

attenuated but remained significant with recent HAART usage

(OR, 1.45; 95% CI, 1.01–2.07) (Table 2, Model C). In models

stratifying by severity of HIV disease, frailty was consistently

associated with advanced (but not less advanced) HIV disease

irrespective of HAART use.

In adjusted analysis of prefrailty, factors significantly associated

with frailty generally remained similarly associated, but the

associations were more modest in magnitude (Table 2), with the

exception that comorbidity was not associated with prefrailty.

HIV-infected IDUs had a 38% greater likelihood of prefrailty

compared to HIV-uninfected IDUs (OR, 1.38; 95% CI, 1.11–

1.70), and having a CD4 count,350 and detectable HIV viral

load was significantly associated with prefrailty (OR, 1.79; 95%

CI, 1.33–2.39).

During prospective evaluation of the relationship of frailty and

prefrailty with mortality, we observed 73 deaths over 2644 person-

years for a mortality rate of 2.8 per 100 person-years. Overall, frail

persons had substantially higher mortality compared to persons

that were either prefrail or robust (Figure 1). Adjusting for

sociodemographic factors in Cox proportional hazards models,

frailty (HR, 2.77; 95% CI, 1.32–5.81), having 3 or more comorbid

conditions (HR, 2.97; 95%CI, 1.65–5.35) and HIV infection (HR,

3.05; 95%CI, 1.89–4.93) were independently associated with

mortality (Table 3, Model A). Controlling for frailty status and

comorbidity, HIV-infected IDUs with advanced disease had

notably increased mortality risk (HR, 5.83; 95% CI, 3.48–9.74),

with no significantly increased risk of death for those with less

advanced HIV disease compared to HIV negatives (Table 3,

Model B). The prefrail state was not a significant predictor of

death in these models. In models with HIV-uninfected, nonfrail

persons as the referent group (Figure 2; Table 3, Model C) being

HIV-infected or being frail conferred an increased mortality risk

with an approximately 3-fold magnitude for each. Persons that

were both HIV-infected and frail had an over 7-fold increased risk

of death (HR, 7.06; 95% CI, 3.49–14.3).

Discussion

In this study, we incorporated standardized assessment of frailty

into a community cohort of HIV-infected and epidemiologically-

comparable HIV-uninfected IDUs. We identified a frailty

prevalence of 12.3% and found that HIV infection, particularly

advanced disease stage with lower CD4 cell counts and the

absence of ART or virological suppression, was strongly associated

with frailty. Despite our cohort being relatively young compared to

geriatric populations where frailty has been shown to presage

adverse clinical outcomes, frailty was independently associated

with increased mortality risk in prospective analysis even after

accounting for sociodemographic variables, comorbidity, and HIV

infection. Moreover, the combined effect of frailty and HIV on

mortality appeared to exceed what one would expect from the

additive effect of the individual exposures. In summary, these

findings suggest that frailty is a useful phenotype for investigating

aging among HIV-infected IDUs and could potentially identify

individuals at high-risk for adverse outcomes among these highly

vulnerable groups. Our data also raise the possibility that optimal

Table 1. Characteristics of 1230 ALIVE Participants at 3365
Study Visits, by HIV Statusa.

HIV-
uninfected HIV-infected

N = 2306 visits N = 1059 visits

No. (%) No. (%)

Age, median (IQR), y 49.3 (44.2, 54.0) 48.7 (44.6, 52.8)

Female 751 (32.6) 388 (36.6)

African American 2074 (89.9) 1017 (96.0)

Less than high school education 1318 (57.2) 682 (64.9)

Not married/common law 2109 (91.5) 1004 (95.4)

Homelessb 280 (12.2) 112 (10.6)

Hazardous alcohol useb 530 (23.0) 196 (18.5)

Recent injection drug useb 925 (40.1) 331 (31.3)

Any non-injection drug useb 1055 (45.8) 345 (32.6)

Recent tobacco useb 1894 (82.2) 851 (80.7)

Prescription drug abusec 244 (10.6) 58 (5.5)

Depressive symptomsb 491 (21.3) 212 (20.0)

# Comorbid Conditionsd

0–1 1636 (72.2) 770 (73.8)

2 373 (16.5) 173 (16.6)

$3 257 (11.3) 101 (9.7)

CD4+ cell count, median (IQR) 296 (168, 475)

HIV RNA, median (IQR), log10 copies/ml 2.66 (1.60, 4.43)

Median CD4+ nadir (IQR) 135 (53, 230)

Recent HAARTb 572 (54.2)

Abbreviations: HAART, highly active antiretroviral therapy; IQR, interquartile
range; y, years; Hazardous alcohol use, score of $8 on the AUDIT; Depressive
symptoms, score of $21 on the CES-D.
aData are no. (%) of participants, unless otherwise indicated.
bReflect characteristics within the previous 6 months.
cReflect characteristics within the prior year.
dDiabetes, Hypertension, Cerebrovascular accident, Cardiovascular disease,
Renal disease, Chronic obstructive pulmonary disease, Cancer, Obesity, Liver
disease.
doi:10.1371/journal.pone.0054910.t001
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Table 2. Factors Associated with Frailty and Prefrailty among 3365 ALIVE Study Person-Visitsa.

Model A. Odds of Frailty and Prefrailty by Sociodemographic, Behavioral, and Clinical Risk Factorsb

Prefrail Prefrail Frail Frail

Unadjusted Adjusted Unadjusted Adjusted

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Age (per year) 1.00 (0.99, 1.01) 1.02 (1.00, 1.03) 1.03 (1.01, 1.05) 1.05 (1.03, 1.07)

Female 1.24 (1.02, 1.51) 1.17 (0.95, 1.45) 1.62 (1.23, 2.13) 1.44 (1.07, 1.94)

African American 0.72 (0.52, 1.00) 0.72 (0.50, 1.04) 0.76 (0.47, 1.23) 0.67 (0.40, 1.13)

Less than high school education 1.27 (1.05, 1.54) 1.25 (1.03, 1.52) 1.43 (1.09, 1.87) 1.48 (1.12, 1.95)

Not married/common law 1.56 (1.08, 2.23) 1.57 (1.08, 2.29) 1.77 (1.02, 3.06) 2.05 (1.16, 3.60)

Homelessd 1.23 (0.93, 1.61) – 1.49 (1.06, 2.11) –

Hazardous alcohol used 1.20 (0.98, 1.48) – 1.47 (1.12, 1.92) –

Recent injection drug used 1.04 (0.87, 1.23) – 1.00 (0.79, 1.27) –

Any non-injection drug used 1.21 (1.01, 1.44) – 1.38 (1.09, 1.75) –

Recent tobacco used 1.11 (0.88, 1.41) – 1.32 (0.94, 1.85) –

Prescription drug abusee 1.66 (1.20, 2.29) 1.50 (1.05, 2.14) 2.14 (1.45, 3.14) 1.70 (1.11, 2.59)

Depressive symptomsd 2.23 (1.77, 2.81) 2.11 (1.66, 2.69) 4.70 (3.58, 6.16) 4.40 (3.31, 5.84)

# Comorbid conditionsf

0–1 Ref Ref Ref Ref

2 1.08 (0.85, 1.38) 1.05 (0.82, 1.35) 1.87 (1.40, 2.49) 1.70 (1.26, 2.30)

$3 1.18 (0.87, 1.60) 1.10 (0.80, 1.51) 2.67 (1.84, 3.87) 2.06 (1.39, 3.05)

HIV negative Ref Ref Ref Ref

HIV positive 1.34 (1.09, 1.64) 1.38 (1.11, 1.70) 1.53 (1.15, 2.02) 1.66 (1.24, 2.21)

Model B. Odds of Frailty and Prefrailty by CD4 and VL Stratac

Prefrail Prefrail Frail Frail

Unadjusted Adjusted Unadjusted Adjusted

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

HIV negative Ref Ref Ref Ref

CD4$350, VL UD 1.10 (0.79, 1.55) 1.18 (0.82, 1.69) 1.03 (0.64, 1.65) 1.09 (0.67, 1.77)

CD4,350, VL UD 1.23 (0.82, 1.84) 1.33 (0.89, 2.00) 1.35 (0.81, 2.25) 1.47 (0.86, 2.51)

CD4$350, VL+ 1.06 (0.71, 1.58) 1.04 (0.69, 1.56) 1.33 (0.80, 2.22) 1.37 (0.80, 2.36)

CD4,350, VL+ 1.76 (1.33, 2.33) 1.79 (1.33, 2.39) 2.12 (1.46, 3.07) 2.37 (1.62, 3.48)

Model C. Odds of Frailty and Prefrailty by HAART statusc

Prefrail Prefrail Frail Frail

Unadjusted Adjusted Unadjusted Adjusted

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

HIV negative Ref Ref Ref Ref

HAART+ 1.30 (1.01, 1.67) 1.40 (1.08, 1.81) 1.27 (0.90, 1.80) 1.45 (1.01, 2.07)

No HAARTd 1.38 (1.07, 1.80) 1.35 (1.03, 1.77) 1.87 (1.31, 2.65) 1.91 (1.32, 2.75)

Abbreviations : HAART, highly active antiretroviral therapy; VL, HIV viral load; UD, undetectable, ,50 HIV RNA copies/ml; Hazardous alcohol use, score of $8 on the
AUDIT; Depressive symptoms, score of $21 on the CES-D.
– Not included in final model/not significant in adjusted analyses.
aData are given as unadjusted and adjusted odds ratios (95% confidence interval).
bAdjusted for age, gender, race, education, marital status, prescription drug abuse, depressive symptoms, # comorbid conditions and HIV status.
cAdjusted for age, gender, race, education, marital status, prescription drug abuse, depressive symptoms, and # comorbid conditions.
dReflect characteristics within the previous 6 months.
eReflect characteristics within the prior year.
fDiabetes, Hypertension, Cerebrovascular accident, Cardiovascular disease, Renal disease, Chronic obstructive pulmonary disease, Cancer, Obesity, Liver disease.
doi:10.1371/journal.pone.0054910.t002
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HIV care with virological suppression could attenuate the

development of frailty.

Aberrant inflammation and immune dysregulation have been

hypothesized to characterize the natural process of aging as well as

underlie the pathogenesis of chronic HIV disease [24]. Based on

emerging epidemiologic, clinical, and mechanistic evidence,

inflammation and immune dysfunction are postulated to play a

central role in frailty pathophysiology among older HIV-uninfect-

ed adults [25,26,27]. We find that HIV-infected IDUs with well-

controlled HIV disease are no more likely to be frail than similar

individuals without HIV infection. In contrast, the likelihood of

frailty was significantly higher with advanced HIV disease with

inadequate virologic control. These results suggest that HIV

infection without effective treatment may represent a significant,

modifiable risk factor for frailty. Thus, together with data from

other HIV cohorts [13,14], these findings suggest a putative role

Figure 1. Survival by Frailty Status in the ALIVE cohort. Kaplan Meier Survival Curve Estimates for 1230 ALIVE Participants from July 2005 to
December 2008. Robust participants had a frailty score of 0; prefrail participants had a frailty score of 1–2; frail participants had a frailty score of 3–5.
doi:10.1371/journal.pone.0054910.g001

Figure 2. Survival by Frailty and HIV Status in the ALIVE cohort. Kaplan Meier Survival Curve Estimates for 1230 ALIVE Participants from July
2005 to December 2008. Frail- participants had a frailty score of 0–2; Frail+ participants had a frailty score of 3–5.
doi:10.1371/journal.pone.0054910.g002
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for HAART in arresting the progression to frailty. HAART has

been shown to have a significant impact on morbidity and

mortality for HIV-infected populations in general and HIV-

infected IDUs specifically [28,29,30,31,32]. The negative impact

of late initiation of care and premature interruption of HAART on

survival has also been well defined [7,33,34]. Engagement in care

and adherence to antiretroviral regimens continue to be a

daunting challenge for the HIV-infected population [35]. These

effects are exacerbated among IDUs, who tend to have later

diagnosis, poorer access to care, lower HAART uptake, more

limited adherence, and frequent treatment interruptions with

significant consequences for HIV-related morbidity and mortality

[17,36,37,38,39,40,41]. With less successful navigation of the HIV

care continuum, HIV-infected IDUs remain at higher risk for

HIV/AIDS progression, and by extension may suffer increased

progression to frailty with its consequent adverse outcomes. Future

investigations will need to elucidate the underlying mechanisms of

frailty development in the setting of HIV and determine whether

earlier ART may be effective for frailty prevention.

We found that frailty was independently associated with an

increased risk of death among HIV-infected and at risk IDUs.

These findings are particularly notable given that the median age

of this cohort was 48 years. Frailty has been primarily linked to

mortality and other adverse outcomes in significantly older cohorts

(predominantly 65 years of age and older) [3,4]. Consistent with

our data, a frailty related construct has demonstrated increased

mortality risk in younger populations in 2 recent studies [22,42].

As comprehensive treatment for HIV infection evolves beyond a

focus primarily on viral suppression and broadens to consider

management of multiple chronic conditions to achieve healthy

aging, assessment tools beyond HIV RNA and CD4 counts will be

increasingly needed. Frailty may improve risk stratification and

inform appropriate clinical management for aging, complex care

patients living with HIV. Further, the joint impact of frailty and

HIV infection on mortality suggests that efforts to reduce mortality

risk through both frailty and HIV targeted interventions may

translate into significant survival benefit.

Besides HIV disease markers, we found that depressive

symptoms and prescription drug abuse were associated with both

frailty and prefrailty. Previously, we have documented self-

medication with ‘street’ drugs for symptoms in this population

[43]. Although directionality of these associations cannot be

determined in the current analysis, it will be important to examine

whether frailty interventions alleviate associated pain or other

symptoms and lead to improved health-related quality of life.

Consistent with studies of frailty in HIV-uninfected older adults

[3,44], we observed that advancing age, female gender, lower

educational attainment, and increased number of comorbid

conditions were associated with frailty within this IDU population.

The absence of a cohabiting life partner may be a putative

measure of social isolation with which frailty has also been

previously associated [3]. As with HIV, dysregulated inflammation

has been associated with age and socioeconomic status

[24,45,46,47]. Further, hormonal influences have been postulated

to play an important role in age-associated changes in inflamma-

tion among women [48,49]. Whether hormonally mediated

changes in inflammation account for sex-specific differences in

frailty prevalence remains to be determined. However, inflamma-

tion may be a predominant pathway by which these factors could

contribute to progression to a frail state.

Prefrailty is considered to be an intermediate state that presages

progression to frailty in geriatric populations [3]. Therefore, the

prefrail state may provide a window of opportunity when

interventions could mitigate adverse clinical outcomes. We

observed consistent, although attenuated, associations of prefrailty

with HIV disease and other frailty risk factors; however, prefrailty

was not predictive of mortality. A larger study size or longer

duration may allow identification of incremental mortality risk

with prefrailty. Further follow-up also is needed to define the

likelihood of transition from prefrailty to frailty among HIV-

infected persons. These data will be vital to inform development of

interventions to reverse or slow progression to frailty. The high

prevalence of almost two-thirds of our participants with prefrailty

is consistent with other studies and provides a large target

population for intervention [3,4].

Table 3. Mortality Risk associated with Frailty and HIV among
ALIVE Participantsa.

Unadjusted Adjusted

HR (95% CI) HR (95% CI)

Model Ab

Age (per year) 1.05 (1.01, 1.08) 1.04 (1.00, 1.08)

Female 1.55 (0.98, 2.46) 1.23 (0.74, 2.02)

African American 1.03 (0.45, 2.38) 0.76 (0.33, 1.77)

Less than high school education 0.86 (0.54, 1.37) 0.79 (0.49, 1.27)

# Comorbid conditions

0–1 Ref Ref

2 1.77 (0.95, 3.28) 1.39 (0.73, 2.63)

$3 4.10 (2.39, 7.03) 2.97 (1.65, 5.35)

HIV positive 2.83 (1.78, 4.49) 3.05 (1.89, 4.93)

Frailty statusd

Robust Ref Ref

Prefrail 1.46 (0.74, 2.86) 1.24 (0.63, 2.45)

Frail 4.38 (2.16, 8.90) 2.77 (1.32, 5.81)

Model Bc

HIV status

HIV negative Ref Ref

CD4$350, VL UD 0.68 (0.16, 2.83) 0.60 (0.14, 2.55)

CD4,350, VL UD 1.05 (0.25, 4.39) 1.18 (0.28, 4.95)

CD4$350, VL+ 1.12 (0.34, 3.65) 1.38 (0.42, 4.54)

CD4,350, VL+ 4.89 (3.01, 7.97) 5.83 (3.48, 9.74)

Frailty statusd

Robust Ref Ref

Prefrail 1.46 (0.74, 2.86) 1.13 (0.57, 2.22)

Frail 4.38 (2.16, 8.90) 2.20 (1.03, 4.68)

Model Cc

HIV/Frailty statusd

HIV negative/nonfrail Ref Ref

HIV negative/frail 3.45 (1.67, 7.12) 2.63 (1.23, 5.66)

HIV positive/nonfrail 2.85 (1.62, 5.04) 3.29 (1.85, 5.88)

HIV positive/frail 8.31 (4.25, 16.3) 7.06 (3.49, 14.3)

aData are given as unadjusted and adjusted hazard ratios (95% confidence
interval).
bAdjusted for age, gender, race, education, # comorbid conditions, HIV status
and frailty status.
cAdjusted for age, gender, race, education and # comorbid conditions.
dRobust participants had a frailty score of 0; prefrail participants had a frailty
score of 1–2; frail participants had a frailty score of 3–5; nonfrail participants had
a frailty score of 0–2.
doi:10.1371/journal.pone.0054910.t003
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Our study had several limitations. Debate persists on the

optimal criteria for defining frailty [50]. The frailty phenotype

employed in this study closely approximated the original Fried

criteria, with objective measurement of weight loss, gait speed, and

grip strength. Consistent with prior studies, we substituted a self-

reported measure of low physical activity [13,22]. Our weight loss

parameter did not discern intentionality; however, similarly

constructed frailty constructs had predictive validity roughly

equivalent to the original Fried phenotype in elderly HIV-

uninfected persons [4,51]. As we used weight loss of $5% since

last study visit (median of 6 months), our threshold for meeting this

criteria required greater weight loss than the original criteria.

Given the observational nature of the study and lack of

temporality for HIV-frailty associations, caution is needed

regarding inferences of causality. Our cohort is a predominantly

African American, urban IDU cohort and as such, our findings

may not be fully generalizable to other HIV-infected populations.

However, significant relationships between frailty (and a frailty-

related phenotype) and advanced HIV disease have been noted in

several non-IDU cohorts [13,14,15]. Further, we have observed a

similar relationship between frailty and non-HIV-related factors in

our population as reported from older HIV-uninfected popula-

tions [3,44]. Whether similar biological mechanisms underlie the

development of frailty for these different groups needs to be further

investigated. Nevertheless, this population does represent those

individuals particularly vulnerable to disparities in access to care

and key adverse health care outcomes for whom appropriately

targeted frailty interventions could have substantial clinical impact.

Improved understanding of frailty in high-risk populations may

translate into clinical utility as well as strengthen our scientific

understanding of the aging process. Despite improving survival

and recent aging trends, HIV-infected and at risk IDUs continue

to experience marked socioeconomic challenges with persistent

disparities in treatment access, morbidity and mortality outcomes

[10,11,17,21,52]. Frailty assessment may prove useful in identify-

ing those persons at greatest risk for premature death and allow

appropriate intervention. Whether HIV infection and frailty share

a single common pathway to premature death remains to be

determined. However, elucidation of the mechanisms underlying

frailty development may provide substantial opportunities for

realizing the healthy aging of HIV-infected and drug using

populations, with potential additional benefit to the general aging

population.
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