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Objectives: Aging with HIV is associated with multisystem vulnerability that might be
well characterized by frailty. We sought to construct a frailty index based on health
deficit accumulation in a large HIV clinical cohort and evaluate its validity including the
ability to predict mortality and incident multimorbidity.

Design and methods: This is an analysis of data from the prospective Modena HIV
Metabolic Clinic cohort, 2004–2014. Routine health variables were screened for
potential inclusion in a frailty index. Content, construct, and criterion validity of the
frailty index were assessed. Multivariable regression models were built to investigate the
ability of the frailty index to predict survival and incident multimorbidity (at least
two chronic disease diagnoses) after adjusting for known HIV-related and behavioral
factors.

Results: Two thousand, seven hundred and twenty participants (mean age 46�8; 32%
women) provided 9784 study visits; 37 non-HIV-related variables were included in a
frailty index. The frailty index exhibited expected characteristics and met validation
criteria. Predictors of survival were frailty index (0.1 increment, adjusted hazard ratio
1.63, 95% confidence interval 1.05–2.52), current CD4þ cell count (0.48, 0.32–0.72),
and injection drug use (2.51, 1.16–5.44). Predictors of incident multimorbidity were
frailty index (adjusted incident rate ratio 1.98, 1.65–2.36), age (1.07, 1.05–1.09),
female sex (0.61, 0.40–0.91), and current CD4þ cell count (0.71, 0.59–0.85).

Conclusion: Among people aging with HIV in northern Italy, a frailty index based on
deficit accumulation predicted survival and incident multimorbidity independently of
HIV-related and behavioral risk factors. The frailty index holds potential value in
quantifying vulnerability among people aging with HIV.
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Introduction
Aging with HIV increases risk for many age-related
health problems – the so-called HIV-associated non-
AIDS conditions, including cardiovascular disease, oste-
oporosis, chronic obstructive pulmonary disease, and
non-AIDS cancers – which span multiple physiologic
systems and causes [1–4]. People who develop one of
these conditions are more likely to accumulate further
health problems. Multimorbidity contributes to further
vulnerability and complexity in clinical management in
the contemporary antiretroviral therapy era [3,5–7].

Interest is strong in methods to identify individuals at risk
of multimorbidity and other adverse health outcomes, in
addition to mortality. In geriatric medicine, such
multisystem vulnerability is quantified using the construct
of frailty, which is a state of increased vulnerability related
to the degradation of homeostatic mechanisms [8].
Although often linked to old age, frailty can be described
across the life course including among individuals with
acquired vulnerability states [9–11].

Two different conceptual models inform frailty measure-
ment [8]. One approach uses rules-based tools to measure
frailty, wherein specific criteria must be met in order for a
person to be identified as frail. The most common
application of this approach describes frailty as a clinical
phenotype composed of at least three of five specific, age-
associated health deficits: physical shrinking, diminished
strength, reduced exercise tolerance, slowness, and
reduced activity [12]. Many other rules-based frailty
measurement scales have been introduced, including
other specific criteria such as cognitive impairment or
polypharmacy [13–15]. In the context of HIV, the
Veterans Aging Cohort Study (VACS) index, which sums
weighted measures of chronological age, current CD4þ

T-cell count, HIV viral load, hemoglobin, liver fibrosis,
kidney function, and hepatitis C virus coinfection, has
been proposed as a rules-based measure of frailty [16].

Another approach describes frailty as the cumulative effects
of general health deficits that are more likely to be acquired
with age [17]. The proportion of deficits an individual has
acquired out of a group of at least 30 health variables,
known as a frailty index, indicates frailty severity. The
frailty index approach enables grading across a continuum
of vulnerability (from fittest to frailest) and more sensitively
grades risk of adverse outcomes than rules-based
approaches [14,18]. A frailty index can be calculated from
diverse groups of health variables, including existing or
routinely collected health information [19]. Although
employed successfully in other areas [8,20,21], the utilityof
the frailty index in identifying vulnerability among people
aging with HIV is unknown [22,23].

In the present study, we sought to construct a frailty index
from health variables collected as part of assessments in an
 Copyright © 2015 Wolters Kluwer H
HIV clinic. We assessed the validity of the frailty index,
described the characteristics of frailty in a large clinical
cohort, and evaluated the ability of a frailty index to
predict mortality and incident multimorbidity.
Methods

Setting and sample
This is an analysis of data from the prospective Modena HIV
Metabolic Clinic (MHMC) cohort. The multidisciplinary
metabolic clinic at the University of Modena and Reggio
Emilia School of Medicine in Modena, Italy, was initiated in
2003/2004 to comprehensively assess longitudinal meta-
bolic changes among people with HIV [1,24]. We included
visits from June 2003 to July 2014. The data included in the
cohort study are those used in the clinical care of
participants, including disease diagnoses and vital statistics.

Frailty index
A frailty index calculates the proportion of health deficits
individuals have accumulated out of a group of relatively
nonspecific health variables. Health variables, including
signs and symptoms of disease, laboratory measures, and
self-reported data, can be included in a frailty index if they
meet some basic criteria: they should characterize acquired
health deficits that are generally age-related and, as a group,
must cover a range of physiologic systems [20]. Although
certain deficits might have small effects on their own, their
cumulative effects can be large. If at least around 30
variables are included, the number of deficits appears to be
much more informative than the specific nature of the
deficits [20,25,26]. As such, different health variables and
numbers of variables can be used in different frailty indices,
including information that is already being gathered in
clinical care [19,27,28]. Because frailty indices grade a
continuum of vulnerability, from fittest to frailest, they can
be used to predict many different adverse outcomes
including death, institutionalization, falls, and specific
conditions such as heart disease [29] and dementia [30].

Health measurements collected as part of regular clinic
assessments were screened for inclusion in the frailty
index. We selected health variables that were not
representative of HIV viral replication or immune
deficiency. As we intended to assess the ability of a frailty
index to predict incident multimorbidity as well as
survival, we also excluded from the frailty index variables
used to define our multimorbidity outcome (described in
the next section). Although we selected one group of
variables, other frailty indices need not be made up of
these variables. We also identified health deficits through
cutoffs used in the MHMC setting. Variables in other
frailty indices could use other cutoffs, depending on what
is recognized as a health deficit in that setting.

Each variable included in the frailty index was recorded
with values of one when a deficit was present and zero
ealth, Inc. All rights reserved.
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when absent [20]. Missing values were removed from
both the numerator and the denominator of the frailty
index, and observations were included if they had at least
80% of available health variables at that visit [14].

Validation strategy
We evaluated the validity of the frailty index using a three-
part approach, assessing content, construct, and criterion
validity [31]. Content validity is assayed by whether the
approach being used is sensible to experts in the field (or
‘sensible on its face’). In this case, included health variables
were all among those routinely collected through
assessments at an HIV clinic. To assess construct validity,
we compared characteristics of this frailty index to those
consistently demonstrated by frailty indices in HIV-
negative cohorts [15,20,25]. These include the relationship
between frailty index score and age (on a log scale, around
1% in clinical or institutional samples); distribution of
frailty index scores (usually Gaussian in clinical samples);
and the existence of a submaximal limit to frailty, for
example, 99% of people have frailty indices less than
0.7 [15,20]. Among people with frailty index scores closer
to this upper limit, the relationship between frailty and
increasing age attenuates and approaches zero, as people die
rather than accumulate more deficits [32]. We also
evaluated associations between frailty index scores and
other measures of HIV-related vulnerability: current and
nadir CD4þ cell count, HIV viral load, and VACS index
score [16,33–35]. As per protocol, VACS index scores
were available for those participantswith nonmissing values
for all included variables. To test criterion validity, we
evaluated the ability of the frailty index to independently
predict two clinically meaningful outcomes in this setting:
mortality and incident multimorbidity.

Outcomes
Vital status is regularly updated in MHMC via telephone
contact and hospital records. We defined multimorbidity
as the presence of two or more of the following eight
health problems: cardiovascular disease (clinical diagnosis
with history of myocardial infarction, stroke, revasculari-
zation, or peripheral artery disease); hypertension (blood
pressure measured twice �140 mmHg systolic or
�90 mmHg diastolic or taking antihypertensive medi-
cine); diabetes mellitus type two (measured fasting
glucose �126 or oral glucose tolerance test >200
or on treatment); chronic kidney disease (estimated
glomerular filtration rate <60 ml/min, via Modification
of Diet in Renal Disease study equation [36]); cirrhosis
(fibrosis-4 score >3.25 [37]); chronic obstructive
pulmonary disease (forced expiratory volume in one
second/forced vital capacity ratio < 0.7); osteoporosis
(dual-energy X-ray absorptiometry Tor Z score < �2.5
or fragility fracture); or any cancer (clinical diagnosis
with biopsy confirmation). We included multimorbidity
as an outcome as it has been identified as a meaningful
health state among people living with HIV [5,6], and
 Copyright © 2015 Wolters Kluwe
because mortality in this cohort was expected to be
relatively low [38].

Covariates
Age was recorded at each study visit and sex at baseline.
Current and nadir CD4þ cell counts and HIV viral load
measurements were treated as continuous variables for corr-
elation analyses, and when included in regression models,
they were grouped into clinically relevant categories. CD4þ

cell count was divided into four groups (<100, 101–350,
351–500, and >500 cells/ml). HIV viral load was categor-
ized as detectable or undetectable (�40 copies/ml). Smok-
ing history was assessed at each study visit; pack-years were
calculated and grouped into 10-year intervals. History of
injection drug use was assessed at baseline.

Analysis
Descriptive statistics and frailty index scores at first visit
were calculated and distributions visualized. Cross-
sectional relationships between log-frailty index scores
and years of agewere evaluated by linear regression [20,25].
To identify potential attenuation in the relationship of
frailty and increasing age among frailer participants, we also
performed regressions on age among participants with
frailty index scores in the top 50th, 85th, and 95th
percentiles. Pearson correlation coefficients assessed cross-
sectional associations between frailty index and other
continuous health measures. For prediction models, frailty
index scores were categorized into 0.1 increments. Each
covariate was first evaluated in univariate prediction
models, and covariates significantly associated with the
outcome were then combined in multivariable models.
Cox regression models were used to assess survival and
hazard ratios with 95% confidence intervals (CIs) were
calculated. Incident multimorbidity prediction analysis
included participants without multimorbidity at baseline.
We used longitudinal generalized estimating equation
models for panel data and calculated incident rate ratios
with 95% CIs. Censoring occurred at the study visit when
incident multimorbidity was first diagnosed, or at most
recent visit.

In further exploratory analyses, we modified the original
frailty index to create two additional frailty indices: one
with the eight comorbidity variables added, and another
with comorbidity and HIV severity and also immune
deficiency markers added. We then compared the ability
of these frailty indices to classify risk for 2 and 5-year
mortality using receiver-operating characteristic (ROC)
curves, by calculating the area under the curve with 95%
CIs. We also compared the predictive ability of the VACS
index. Statistical significance was set a P less than 0.05,
and data were analyzed using SPSS 21.0.0 (IBM Corp.,
Armonk, New York, USA).

Ethics
Approval for the MHMC cohort was obtained from the
Research Ethics Board of the University of Modena and
r Health, Inc. All rights reserved.
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Reggio Emilia, and all participants provided written
consent.

Results

Following established criteria, 37 variables were selected
for inclusion in a frailty index (Table 1); 2722 participants
in the MHMC cohort provided 9784 study visits with
available frailty index scores (72% of all MHMC study
visits). Participants were generally middle aged and most
were male with undetectable HIV viral load and CD4þ

cell counts above 500 cells/ml (median 557, interquartile
range 400–726 cells/ml; Table 2).

Frailty index scores at first visit ranged from 0.00 to 0.63
(mean 0.31� 0.10; median 0.30) and were normally
distributed. Frailty index scores increased exponentially
with age. On a log scale, frailty index scores increased by
1.8% (2/3 of one deficit) with each year of age
(P< 0.001). Frailty index scores increased 0.4% with
each year of age (P< 0.001) among patients with frailty
index at or above the sample mean; 0.1% among
participants with frailty index scores in the top 85th
percentile (�0.42, P¼ 0.1), and 0.1% among participants
in the 95th percentile (�0.48, 0.1%, P¼ 0.2). Frailty
index scores at first visit were modestly correlated with
nadir CD4þ cell count (r¼�0.15, P< 0.001) and VACS
index (r¼ 0.34, P< 0.001), but not with current CD4þ

cell count (r¼�0.04, P¼ 0.07) or HIV viral load
(r¼�0.02, P¼ 0.5).

There were 34 deaths in the sample over 8206 person-years
follow-up (0.41/100 person-years follow-up). In uni-
variate analyses, significant predictors of survival were
frailty index (hazard ratio 2.32, 95% CI 1.53–3.52), age
(1.05, 1.00–1.09), current CD4þ cell count (0.37, 0.24–
0.54), nadir CD4þ cell count (0.42, 0.24–0.75), and
injection drug use (3.56, 1.81–7.01). When these were
combined in a multivariate model, frailty index, current
CD4þ cell count, and injection drug use remained
significant (Fig. 1).

Most (88%, n¼ 2383) of participants did not have
multimorbidity at baseline. Of these, 232 (9.7%) acquired
multimorbidity during follow-up. In univariate analysis,
frailty index score (incident rate ratio 2.34, 1.98–2.76),
age (1.09, 1.07–1.11), female sex (0.41, 0.27–0.61),
current CD4þ cell count (0.65, 0.54–0.78), pack-years
smoking (1.20, 1.09–1.31), and IDU (1.47, 1.07–2.02)
were each predictive of incident multimorbidity. When
these factors were combined in multivariate analysis,
frailty index score, age, sex, and current CD4þ cell count
remained significant (Fig. 2).

We then compared the ability of three frailty indices to
classify mortality risk: the 37-item frailty index, a frailty
index with the eight comorbidity variables added
(45 items total), and a frailty index with both these
 Copyright © 2015 Wolters Kluwer H
and eight HIV-related variables added (53 items total).
Among participants included in the study, 100% of whom
had nonmissing 37-item frailty index scores at baseline,
58% had nonmissing 45-item frailty index scores, 81%
had nonmissing 53-item frailty index scores, and 40% had
nonmissing VACS index scores. Area under the ROC
increased with more items in the frailty index, but these
differences were not significant (Table 3). The VACS
index exhibited better discriminatory ability for 2-year
mortality than the 37-item frailty index, but not the other
frailty indices. The VACS index did not differ from any
frailty index in prediction of 5-year mortality.

Discussion

In a large, well characterized cohort of HIV-positive men
and women in northern Italy, we assessed frailty by
constructing a frailty index from routinely collected
health variables that were not measures of immune
deficiency or HIV viral replication. We found that the
frailty index exhibited expected characteristics and was
able to predict survival and incident multimorbidity
independent of age, behavioral, and HIV-related vari-
ables. We further found that frailty indices with added
variables, including HIV-related variables, discriminated
mortality risk similarly to the frailty indices without these
variables. The frailty indices, which were composed of
many general health deficits, performed similarly to the
VACS index in their ability to discriminate mortality risk.

Our results should be interpreted with caution. There were
relatively few endpoints during follow-up, which could
have affected our estimates from regression models.
However, this potential lack of statistical power increased
our risk of type II error, and so did not influence the
direction of our findings that frailty was a significant
predictor of both survival and multimorbidity. Parameter
estimates were also generally stable between univariate and
multivariate analyses. Although further follow-up is
needed to capture more data related to mortality, the
low mortality rate reflects increased life expectancy with
HIV [38]. As such, it will be important to evaluate
relationships between frailty and risk for other clinically
meaningful outcomes, including geriatric syndromes,
mobility limitations, falls, quality of life, and cognitive
impairment [23,30,43]. Applying this approach in other
cohorts with mortality data could also help advance
understanding of the relationship between frailty and
mortality risk in people aging with HIV. Although
evidence of the validity of the frailty index as constructed
here is encouraging, the frailty index approach should also
be cross-validated in other HIV-positive cohorts using
different variables in different settings. These questions are
motivating active inquiry by our group.

A recent review summarized what is known about frailty
in people aging with HIV [22]. Previous studies of frailty
in people with HIV have applied phenotypic frailty scales,
ealth, Inc. All rights reserved.
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Table 1. Health variables included in the frailty indices and description of deficit scoring.

No. Variable Deficit description

37-item frailty index
1 Lipoatrophy Multicenter AIDS Cohort Study (MACS) criteria [39]
2 Lipohypertrophy MACS criteria [40]
3 Nonalcoholic fatty liver disease Liver/spleen ratio <1.1
4 Menopause or male hypogonadism If female: FSH>30 IU/l and LH<30 IU/l and/or absence

of menstruation >1 year
If male: testosterone<300 ng/dl

5 High or low BMI <18 or >25 kg/m2

6 High waist circumference If female: >88 cm
If male: >102 cm

7 High visceral adipose tissue VAT>130 cm2 or VAT/TAT ratio >0.5
8 Sarcopenia or presarcopenia Fat-free mass index <�1 SD
9 Insulin resistance Homeostasis Model Assessment – Insulin Resistance [41] > 2.8
10 High total cholesterol >200 mg/dl
11 High low-density lipoprotein >100 mg/dl
12 Low high-density lipoprotein <40 mg/dl
13 High triglycerides >150 mg/dl
14 High homocysteine If female: >10 mmol/l

If male: >15 mmol/l
15 Abnormal white blood cell counts <4000 cells/ml
16 Anemia If female: <10 g/dl

If male: <12 g/dl
17 Hepatitis C coinfection Positive
18 Hepatitis B coinfection Hepatitis B antigen positive
19 Vitamin D insufficiency <30 ng/ml
20 Polypharmacy >5 drug classes (excluding antiretroviral therapy)
21 Abnormal parathyroid hormone >60 pg/ml
22 Elevated D-dimer >Sample mean (358)
23 Elevated C-reactive protein >0.7 mg/l
24 Sedentary lifestyle <3 h/week physical activity
25 Atherosclerosis Coronary artery calcium score > 100 or intima media

thickness > 0.85 mm
26 Hyponatremia <125 mmol/l
27 Proteinuria or albuminuria >5 mg/mmol
28 Elevated aspartate transaminase >31 U/l
29 Elevated alanine transaminase >31 U/l
30 Abnormal alkaline phosphatase <38 or >126 U/l
31 Elevated g-glutamyl transphosphatase >55 U/l
32 Low platelets <150 billion/l
33 Abnormal potassium <3.5 or >5.3 mEq/l
34 Abnormal phosphorus <2.5 or >5.1 mg/dl
35 Abnormal thyroid-stimulating hormone <0.27 or >4.2 mIU/l
36 Elevated total bilirubin >1�10 mg/dl
37 Unemployment Self-report
Comorbidities
1 Cardiovascular disease Clinical diagnosis
2 Hypertension Measured blood pressure or on treatment
3 Diabetes mellitus type II Fasting glucose >125 mg/dl or on treatment
4 Chronic kidney disease Two estimated glomerular filtration rate measurements

<60 ml/min/1.73 m2

5 Cirrhosis FIB-4 score >3.25
6 Chronic obstructive pulmonary disease Spirometry: FEV1/FVC ratio <0.7
7 Osteoporosis Dual-energy X-ray absorptiometry T or Z score < �2.5 or

fragility fracture
8 Any cancer Clinical diagnosis with biopsy confirmation
HIV-related variables
1 Current CD4þ cell count <500 cells/ml
2 Nadir CD4þ cell count <200 cells/ml
3 HIV viral load >40 copies/ml
4 CD4þ/CD8þ cell ratio <1.0
5 Duration of HIV infection >10 years
6 Pre-HAART start Start of antiretroviral therapy before 1 January 1997
7 History of AIDS History of CDC category C HIV disease [42]
8 ART failure History of viral load > 1000 copes/ml while on ART

ART, antiretroviral therapy; CDC, Centres for Disease Control; FEV1/FVC, forced expiratory volume in one second/forced vital capacity; FIB-4,
fibrosis-4 score; FSH, follicle-stimulating hormone; LH, luteinizing hormone; SD, standard deviation; VAT/TAT, visceral adipose tissue/total
adipose tissue.
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Table 2. Descriptive characteristics of the sample at first study visit.

Sample size, n 2722
Age, mean� SD 46�8
Women, n (%) 867 (32)
Current CD4þ cell count, mean� SD 588�267
Nadir CD4þ cell count, mean� SD 209�163
Undetectable HIV viral load, n (%) 2577 (93)
VACS index, mean� SD 16�15
Pack-years smoking, mean� SD 16�16
Injection drug use, n (%) 730 (27)
Multimorbiditya, n (%) 390 (14)
Cardiovascular disease, n (%) 95 (4)
Hypertension, n (%) 752 (28)
Type 2 diabetes mellitus, n (%) 254 (9)
Chronic kidney disease, n (%) 14 (1)
Hepatic cirrhosis, n (%) 150 (6)
Chronic obstructive pulmonary disease, n (%) 60 (2)
Osteoporosis, n (%) 368 (14)
Cancer, n (%) 26 (1)

SD, standard deviation; VACS, Veterans Aging Cohort Study.
aMultimorbidity was defined as having two or more comorbidities out
of hypertension, diabetes, chronic kidney disease, chronic obstructive
pulmonary disease, osteoporosis, and cancer.

Injection drug use

0.0 0.0 1.0

IRR

1.5 2.0 2.5

Pack-year smoking

Current CD4+

Age

Female sex

Frailty index

1.22 (0.87–1.70)

1.02 (0.93–1.12)

0.71 (0.59–0.85)

1.07 (1.05–1.09)

0.61 (0.40–0.91)

1.98 (1.65–2.36)
IRR

Fig. 2. Predictors of incident multimorbidity in multivariate
analysis. Points represent adjusted IRRs and whiskers 95%
confidence intervals. IRR, incident rate ratio.
based on the assessment of a few, specific criteria. The
present study is the first to explore frailty in relation to
deficit accumulation among people aging with HIV. Our
findings using the frailty index approach support those of
the previous studies, including the associations of frailty
with age, and with current CD4þ cell count [40,44–49].
The VACS index has been associated with multiple health
outcomes in cross-sectional studies, including mortality,
fragility fractures, and neurocognitive impairment
[34,50], as well as the frailty phenotype [16], and was
correlated with the frailty index in our study. A recent
study comparing a modified frailty phenotype scale and
the VACS index within the VACS cohort found that both
scales predicted hospitalization and mortality, and that the
VACS index had better discriminatory ability [33]. We
found that the frailty index and VACS index could
similarly predict mortality. Otherwise few longitudinal
 Copyright © 2015 Wolters Kluwer H

Injection drug use

0 1
HR

10

Nadir CD4+

Current CD4+

Age

Frailty index

2.51 (1.16–5.44)

0.58 (0.31–1.10)

0.48 (0.32–0.72)

1.05 (0.99–1.11)

1.63 (1.05–2.52)

HR

Fig. 1. Predictors of survival in multivariate analysis. Points
represent adjusted HRs and whiskers 95% confidence inter-
vals. HR, hazard ratio.
outcomes have been assessed in relation to frailty among
people aging with HIV, especially among clinical cohorts
[22]. The present study identified dose–response
relationships of frailty with risk for mortality and for
incident multimorbidity independent of HIV-related and
behavioral factors. The predictive abilities of frailty
assessment and changes in frailty over time should be
explored further in HIV-related settings.

Many scales measure frailty, and just what scale is best
among people with HIV has not been established. Previous
reports of frailty in people with HIV have used rules-based
approaches to frailty assessment, identifying phenotypic
frailty [22] or using the VACS index [16,34]. However, the
VACS index was developed specifically as a parsimonious
prognostic tool, rather than to measure or characterize
frailty. As such, its algorithm includes chronologic age. In
this way, the VACS index differs from most frailty scales,
which seek to quantify frailty independently from
chronologic age [8]. The MHMC cohort does not
currently capture the specific data necessary to calculate a
frailty phenotype score, and VACS index scores were not
available for 60% of included participants as these
participants had at least one missing value. The infeasibility
of calculating frailty phenotype and VACS index scores
using the data routinely collected in the MHMC clinical
setting illustrates that such rules-based approaches to
defining frailty might be too specific, and not be
appropriate in each individual case. Also, when fewer
variables are used as in rules-based approaches, changes in
the measurement approach of those few variables can
significantly change estimates of frailty [51,52].

Applying the frailty index approach enabled us to
synthesize a large amount of routinely collected clinical
information to assess health and frailty. Many experts will
not doubt that health deficits are important, but some will
be concerned by interactions between the items and wish
for a list of fewer variables to be used. The inclusion of
more items enables more pieces of information to
ealth, Inc. All rights reserved.
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Table 3. Area under receiver-operating characteristic curve for prediction of 2 and 5-year mortality according to three different frailty indices
and the Veterans Aging Cohort Study index.

Frailty index Description AUC 2-year mortality (95% CI) AUC 5-year mortality (95% CI)

37-item frailty index – 0.73 (0.62–0.87) 0.73 (0.65–0.81)
45-item frailty index 37-item frailty index þ 8

comorbidity variables
0.91 (0.86–0.96) 0.80 (0.71–0.88)

53-item frailty index 37-item frailty index þ 8
comorbidity variables þ 8
HIV-related variables

0.88 (0.82–0.94) 0.83 (0.77–0.90)

Veterans Aging Cohort Study Index – 0.92 (0.89–0.95) 0.81 (0.68–0.95)

AUC, area under receiver-operating characteristic curve; CI, confidence interval.
contribute to the overall understanding of the level of frailty
in an individual [20,53]. The accumulation of many small
pieces of information is also well accepted in disciplines
such as computational physics, decision science, and
computer science [54,55]. In medicine, the deficit
accumulation approach to frailty addresses a key lesson
of aging that ‘the problem of old age come as a package’
[53]. The frailty index allows this package to be quantified,
a useful step in getting to grips with the impact of aging
with HIV.

We recognize that not all of these items will be collected
in every HIV clinic, but most will, including waist
circumference and BMI, information from regular blood
work, the presence of polypharmacy, hepatitis coinfec-
tions, and HIV disease markers. Frailty indices can be
composed of whatever information is already being
collected, and these need not add extra cost. Variables can
be answers to simple questions or clinical judgments (e.g.
mobility impairment, memory, or mood complaints). In
geriatric medicine, the use of comprehensive geriatric
assessment enables the calculation of frailty indices across
multiple health domains [56]. In our case, we selected
these variables from among those the MHMC regularly
collects. In other clinical settings, other frailty indices
might incorporate different variables [57].

The frailty index in this study exhibited characteristics
consistently demonstrated by frailty indices and other
frailty scales in HIV-negative populations [20,25]. Frailty
index scores had a normal distribution with a high mean
score and a small, positive, nonlinear association with age
that attenuated among the frailest participants (from 2% in
the whole sample to zero in the frailest). These are all
characteristic of frailty consistently observed among
diverse clinical samples in HIV-negative populations
[10,20,25]. Even though the mean frailty index score was
high in this sample, the upper limit to frailty was not
higher than expected (maximum around 0.7), which
suggests that the index itself was not overestimating
scores. Previous studies using the frailty index across many
different settings suggest that this approach is stable and
reliable when at least around 30 health variables are
included [14,20,25,27,30]. When more variables are
added, the characteristics and discriminative ability of the
frailty index do not significantly change. This was also
 Copyright © 2015 Wolters Kluwe
suggested by our data here. The frailty indices that
incorporated more variables did not have a significantly
better ability to discriminate mortality risk as estimated by
the area under the ROC.

We found that frailty and current CD4þ cell count were
each independently predictive of both survival and incident
multimorbidity, and the addition of HIV-related variables
into the frailty index did not significantly improve its ability
to discriminate mortality risk. This suggests that frailty and
current CD4þ cell count might be considered independent
signals in assessing or quantifying vulnerability among
people aging with HIV [22,58]. Although low CD4þ cell
count is an important clinical sign, an increasing proportion
of HIV-positive individuals on treatment are achieving
immune recovery, and indeed most participants in this
clinical cohort had CD4þ cell counts greater than
500 cells/ml and undetectable HIV viral load. Further-
more, IDU was a predictor of survival, suggesting that
social vulnerability might play a role. The observational
nature of this study did not allow us to demonstrate
pathogenic mechanisms linking HIV disease severity, social
vulnerability, frailty, and health outcomes. Understanding
these links, including the development of frailty among
people aging with high CD4þ cell counts, independent
from immune deficiency, is motivating further work.

The practical utility of regular frailty assessment in HIV
care has yet to be explored [22]. The ability to measure
frailty holds potential value in terms of both policy and
clinical care [8]. Identifying frailty and understanding
how health status is likely to change can assist planning for
services that might be required, and clinical frailty
assessment can help to weigh the risks and benefits of
interventions or predict risk of adverse outcomes [8].
Emerging information continues to suggest that frailty
itself is treatable, and intervention is possible in preventing
or delaying worsening frailty and functional decline [8].
Therefore, the frailty index could be investigated as a
clinical tool and as an endpoint in intervention trials
among people aging with HIV.
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