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Abstract

Modifications to Fried’s frailty phenotype (FFP) are common. We evaluated a self-reported
modified frailty phenotype (Mod-FP) used among people with HIV (PWH). Among 522 PWH
engaged in two longitudinal studies, we assessed validity of the four-item Mod-FP compared
with the five-item FFP. We compared the phenotypes via receiver operator characteristic curves,
agreement in classifying frailty, and criterion validity via association with having experienced
falls. Mod-FP classified 8% of PWH as frail, whereas FFP classified 9%. The area under the
receiver operator characteristic curve for Mod-FP classifying frailty was 0.93 (95% CI = 0.91-
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0.96). We observed kappa ranging from 0.64 (unweighted) to 0.75 (weighted) for categorizing
frailty status. Both definitions found frailty associated with a greater odds of experiencing a
fall; FFP estimated a slightly greater magnitude (i.e., OR) for the association than Mod-FP. The
Mod-FP has good performance in measuring frailty among PWH and is reasonable to use when
the gold standards of observed assessments (i.e., weakness and slowness) are not feasible.

Keywords

frailty phenotype; feasibility; HIV and aging; people with HIV; validity

Frailty captures vulnerability to health stressors and is associated with mortality and other
negative health outcomes, including falls and hospitalization, among aging adults (Morley
et al., 2013; Vermeiren et al., 2016). Due to advancements in antiretroviral therapy, HIV
has become a chronic condition and people with HIV (PWH), although living longer, are
experiencing a growing burden of morbidity and aging-related conditions, including frailty
(Desquilbet et al., 2007; Levett et al., 2016; Piggott et al., 2016; Thurn & Gustafson, 2017;
Wing, 2016). Reliable, self-reported, low-burden frailty assessments may facilitate greater
frailty ascertainment in HIV care and other clinical and research settings, which could
enhance our understanding and promotion of successful aging among PWH.

Fried’s frailty phenotype (FFP) is commonly used to measure frailty (Bouillon et al., 2013;
Fried et al., 2001; Piggott et al., 2016) and includes five components of physical health
and functional status, including unintentional weight loss, low physical activity, exhaustion
measured by self-report, and observed weakness and slowness (Fried et al., 2001). Fried

et al. (2001) conducted many analyses evaluating the FFP, and the accumulation of their
results supports its validity among older adults. However, it can be difficult to collect
components of FFP that require specialized equipment in busy or low-resourced care
settings. Specifically, slowness (measured by gait speed test of a timed walk over a
designated distance) and weakness (measured by grip strength with an instrument such

as a dynamometer) require more time and resources to collect and may not be feasible

in all clinical settings. As a result, several modified versions of the FFP have proposed
substitutions replacing objectively assessed measures with self-report (Op Het Veld et al.,
2018; Theou et al., 2015) or excluding the objectively assessed measures (Desquilbet et
al., 2007; Theou et al., 2015). There is limited validation work among clinical care cohorts
specifically evaluating modifications to FFP (Akgun et al., 2014; Bouillon et al., 2013;
McMillan et al., 2021), especially among PWH (Aprahamian et al., 2017; Jung et al., 2021;
Kim et al., 2020; Van der Elst et al., 2020), which is important to understand measurement
properties within particular settings of use.

Investigators within the Centers for AIDS Research Network of Integrated Clinical Systems
(CNICS), a large U.S.-based cohort of PWH (Kitahata et al., 2008), developed a modified
Fried phenotype (Mod-FP) based on four self-reported components: unintentional weight
loss, low physical activity, fatigue, and poor mobility (Crane et al., 2022). The Mod-FP

is similar to other modified phenotypes used among PWH, with the use of self-reported
components and exclusion of a weakness/grip strength measure that is not collected at
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routine appointments in CNICS (Akgun et al., 2014; Desquilbet et al., 2007). Grip strength
and gait speed have been observed as strong standalone predictors of frailty among the
general aging population (Syddall et al., 2003; Wu et al., 2018). Thus, it is important to
evaluate the impact of excluding or modifying these components for the Mod-FP, which has
not been published for similar modified phenotypes among PWH (Desquilbet et al., 2007).

The Impact of Physical Activity Routines and Dietary Intake on the Longitudinal Symptom
Experience of people living with HIV (PROSPER-HIV) study is an ongoing study collecting
in-depth measurements of physical activity and functional status among a subset of PWH in
CNICS (Webel et al., 2020), including grip strength and gait speed. Using these measures
from PROSPER-HIV in conjunction with the self-reported components from CNICS, we
created an FFP with all 5 original components and used it as a gold standard comparator to
evaluate the validity and reliability of the Mod-FP among PWH.

Study Setting and Participants

This study was conducted among PWH enrolled in the PROSPER-HIV study (Webel et al.,
2020) nested within the CNICS cohort (Kitahata et al., 2008). CNICS is a large, longitudinal
cohort of adult PWH engaged in HIV care at eight academic clinical sites across the United
States. PROSPER-HIV is an ongoing longitudinal nested study at four CNICS sites focused
on understanding the impact of nutrition, exercise, and functional status on outcomes

and symptoms in PWH. PROSPER-HIV administers assessments of physical activity and
dietary intake (Webel et al., 2020) to complement comprehensive clinical information (e.g.,
laboratory values, medications, diagnoses) collected within CNICS.

Most PWH complete the CNICS patient-reported outcomes (PRO) clinical assessment at the
beginning of routine HIV primary care appointments (Fredericksen et al., 2012). The CNICS
PRO assessment is a tablet-based questionnaire that includes various instruments covering
clinically relevant health domains, such as symptoms (HIV Symptom Index; Justice et al.,
2001) and physical activity (Lipid Research Clinics Questionnaire; Ainsworth et al., 1993).

Eligibility criteria for PROSPER-HIV include PWH who are active CNICS participants with
a completed PRO assessment within the past 12 months; prescribed antiretroviral therapy;
have an undetectable HIV viral load (<200 copies/mL); not pregnant, breastfeeding, or
planning to become pregnant; English speaking; and have reliable access to a telephone.
PWH (n = 522) who completed their Year 1 PROSPER-HIV assessment were included in
this study. The PROSPER-HIV-enhanced assessments include physical function measures,
including handgrip strength and gait speed, as well as self-reported falls (described

below). Data from both the PROSPER-HIV assessment and the CNICS PRO assessments
were combined to evaluate the Mod-FP. Data were collected from January 2019 through
September 2021. During the COVID-19 pandemic, many clinic visits were conducted

via telehealth; at these visits, PWH were able to complete their CNICS PRO remotely.
Occasionally, PROSPER-HIV visits were unable to be scheduled in-person to collect the
objectively assessed measures (e.g., grip strength and gait speed), so several PWH (<10)
did not complete these assessments, thus were unable to be included in this study, but
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represent a very small proportion of PROSPER-HIV participants. Institutional review boards
at participating sites approved CNICS and PROSPER-HIV protocols (Protocol 27674-D at
the University of Washington for CNICS and STUDY 20180761 at Case Western Reserve
University for PROSPER-HIV), and participants completed written informed consent before
entry into CNICS and PROSPER-HIV.

It was preferred that PWH complete their first PROSPER-HIV assessment on the same

day as their PRO assessment; however, because of limitations in clinical space, some
assessments (n=200, 38%) occurred on different days, whereas the majority (n = 322, 62%)
occurred on the same day. We further assessed the difference in time between assessments
among PWH who had a study visit before the COVID-19 pandemic compared with those
who had a study visit during the pandemic. Overall, the mean time between assessments
was 36 days (median = 0, interquartile range [IQR] = 0-9) and 77% of PWH took both
assessments within 30 days. Among PWH who had their first PROSPER-HIV visit before
March 1, 2020 (indication of the start of the COVID-19 pandemic), the mean time between
visits was 14 days (median = 0, IQR = 0-6), whereas among PWH who had their first visit
after March 1, 2020, the mean time between visits was 101 days (median = 0, IQR = 0-66).

Instrumentation

Fatigue.—Fatigue was collected via the single fatigue item on the HIV Symptom Index
where PWH report symptom burden in the preceding 4 weeks with Likert scale response
options, including “I do not have this symptom”, “I have this symptom and it doesn’t bother
me”, “I have this symptom and it bothers me a little”, “I have this symptom and it bothers
me”, “I have this symptom and it bothers me a lot” (Justice et al., 2001). If PWH responded,
“I have this symptom and it bothers me” or “I have this symptom and it bothers me a lot,”
they were categorized as having the fatigue component.

Unintentional weight loss.—Wasting and unintentional weight loss was also collected
using a single self-reported item in the HIV Symptom Index (Justice et al., 2001). With

the same Likert scale response options as fatigue, PWH were categorized as having the
unintentional weight loss component if they responded, “I have this symptom and it bothers
me a little”, “I have this symptom and it bothers me”, or I have this symptom and it bothers
me a lot”. The dichotomization of PRO items based on Likert scales were decided based on
clinical knowledge and empirical investigation of the distribution to ensure cut-points were
robust.

Low physical activity—Physical activity was collected with the four-item Lipid Research
Clinics questionnaire and categorized based on the original scoring scheme for physical
activity level, which includes self-report of strenuous exercise and overall activity level
(Ainsworth et al., 1993). We categorized PWH as having the low physical activity
component if they were in the “very low active” classification, which means they reported
not engaging in strenuous exercise and being less active than their peers (compared with
people of the same age and gender).
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Poor mobility.—Mobility was assessed in the EuroQOL Health-Related Quality of Life
questionnaire (EQ-5D-3L), where PWH were asked to report using a single item how they
are with doing activities today (Rabin & de Charro, 2001). For mobility, the response
options include, “I have no problems in walking about”, “I have some problems walking
about”, and “I am unable to walk”. PWH were considered as having poor mobility if they
reported either “I have some problems walking about” or “I am unable to walk.”

Slowness.—Slowness, captured via gait speed, was measured by a 4-m timed walk,
repeated twice, and the faster of the two trials was recorded as the result. PWH were
considered to have slow gait speed if their walk time exceeded 5.0 s total (slower than 0.8
m/s; Abellan van Kan et al., 2009; Cruz-Jentoft et al., 2010).

Weakness.—Weakness was captured by grip strength, measured via Jamar hand-held
dynamometer (Sammons Preston, Rolyan, Bolingbrook, IL, USA), with two trials conducted
using the self-reported dominant hand after noting historical hand injuries and surgeries. The
maximum strength (measured in kg) of the attempts was recorded as the result. A global
standard for frailty using hand grip strength has not been established. Per recommendations
of the European Working Group on Sarcopenia in Older People, PWH were considered to
have low grip strength if their maximum strength was <16 kg for women or <27 kg for men
(Blanquet et al., 2022; Cruz-Jentoft et al., 2010).

Phenotypes.—We calculated two frailty phenotypes from our data (Figure 1). First, Mod-
FP consisted of the four items collected within the PROs (i.e., fatigue, unintentional weight
loss, low physical activity, and poor mobility). The Mod-FP was scored from 0 to 4 based on
the presence of each component. Second, we used a combination of three PRO (i.e., fatigue,
unintentional weight loss, and low physical activity) and two PROSPER-HIV functional
status (i.e., grip strength and gait speed) items to create the FFP. FFP was scored from 0 to

5 based on present components. We categorized the phenotypes by not frail (O components),
prefrail (1-2 components), or frail (=3 components), as in Fried’s original definition (Fried
etal., 2001).

We analyzed cross-sectional associations between frailty and falls to further evaluate the
Mod-FP. Frailty and falls are associated in the general population (Cheng & Chang, 2017),
and there is limited but compelling evidence of this association among PWH (Erlandson et
al., 2012; Piggott et al., 2016; Sharma et al., 2019). We sought to leverage this association
and compared the estimates between the Mod-FP and FFP to evaluate criterion validity of
the Mod-FP. PWH self-reported the incidence and frequency of falls occurring in the past 12
months during their PROSPER-HIV visit assessment. Response options included “none”, “1
fall”, “2 falls”, and “3 or more”. We dichotomized PWH in two ways for having experienced
falls in the past 12 months: (a) any fall (one, two, or three falls vs. none) and (b) recurrent
falls (two or three falls vs. none, excluding PWH who self-reported exactly one fall). This
question was added to the PROSPER-HIV assessment after study initiation, so falls data are
only available for the portion (n = 253) of PWH who had their visit after this question was
implemented.
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Statistical Analysis

Results

We assessed criterion validity of the Mod-FP via Spearman correlation coefficient between
the Mod-FP and FFP. For this comparison, a high correlation would suggest the two
phenotype definitions are measuring a similar trait (Mokkink et al., 2010; Rockwood, 2005).
We also compared the subjective report of mobility (mobility PRO item) with the objective
measure of gait speed to evaluate the degree of overlap between these two items we are
substituting to represent the same general trait in the Mod-FP and FFP.

To assess the association of the Mod-FP with the FFP, we estimated receiver operator
characteristic (ROC) curves. FFP was used as a gold standard measure with the three-level
categorization of not frail, prefrail, and frail. We evaluated the sensitivity, specificity, and
classification of the Mod-FP at various cut-offs to determine the optimal points to categorize
PWH as not frail, prefrail, and frail. We repeated these analyses among subgroups of PWH
by age (=55 vs. <55 years [55 years selected based on 54 years being the median age]),
gender, and race (Black/White only, due to sample size) to confirm the consistency of
classification among subgroups and highlight the generalizability of the Mod-FP. We also
conducted a sensitivity analysis among PWH based on whether their two visits were within
or beyond 30 days apart to evaluate the impact of the time lag on classification of frailty
and prefrailty. Using the identified cut-points, we also categorized the Mod-FP into not frail,
prefrail, and frail. We then evaluated the agreement of classifying PWH as not frail, prefrail,
and frail between the two phenotypes with Cohen’s kappa. We estimated unweighted and
weighted (linear and quadratic) kappa.

Finally, we assessed construct validity via hypothesis testing of the Mod-FP by estimating
the association between frailty at that study visit and the report of falls in the previous

year (any and recurrent) with logistic regression (Mokkink et al., 2010). We compared the
estimated associations (i.e., odds ratios) between frailty and falls. We hypothesized that the
Mod-FP would distinguish between PWH who reported falls versus no falls. Regression
models were adjusted for age and gender assigned at birth. We also stratified by age (and
only adjusted for gender in these models) to examine the validity within age strata for the
“any fall” models. The results for these models represent the odds ratio of experiencing a fall
associated with each additional component on either phenotype. Statistical significance was
evaluated at the 95% confidence level. All analyses were performed using Stata version 16.1
(StataCorp, College Station, TX).

Among 522 PWH included in this study, the mean age was 52 years (median: 54 years
[interquartile range: 44—61 years]) and 112 (21%) were female (Table 1). Over half (268,
51%) self-reported Black race, whereas 217 (42%) self-reported White race. The prevalence
of individual frailty components ranged from 12% for low grip strength to 25% for low
physical activity (Table 1). Among the 253 PWH who responded to the falls question, which
was implemented after study information thus only among a portion of PWH, 48 (19%)
reported at least one fall and 22 (9%) reported recurrent falls in the past 12 months.
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The Spearman correlation coefficient between the Mod-FP and FFP was 0.81 (p < .001),
suggesting good overlap in their measurement of frailty. We observed that PWH who
reported mobility difficulty (i.e., presenting with the low mobility component) had slower
average gait speed times than PWH reporting no mobility difficulty, with mean gait speed of
4.3 versus 3.8 s, respectively (Figure 2).

Sensitivity, specificity, and ROC area under the curve (AUC) are presented in Table 2. At

a cut-point of 3 (i.e., where a Mod-FP score >3 was classified as frail), the Mod-FP had a
sensitivity of 62%, specificity of 97%, and 94% of PWH correctly classified as frail or not
frail based on their status in FFP. There was an AUC of 0.93 (95% CI = 0.91-0.96) for this
analysis. In analyses stratified by age, sex, and race, we observed similar results, suggesting
robust diagnostic accuracy persisting within the subgroups. We also evaluated the Mod-FP
for classification of prefrail PWH and observed a sensitivity of 77% and specificity of 92%
at a cut-point of 1 and AUC of 0.86 (95% ClI: 0.83-0.89; Table 2). These results suggest
that the original cut-points used in the FFP (where a score of 0 is not frail, 1-2 is prefrail,
and =3 is frail) are appropriate for the Mod-FP as well. In the sensitivity analysis based

on time between visits (i.e., PROSPER-HIV and CNICS PRO assessments), we observed
comparable ROC AUC values for frailty between the two groups (0.94 for PWH with visits
within 30 days vs. 0.94 for beyond 30 days) and worse, but still acceptable, ROC AUC for
prefrailty among the PWH with visits beyond 30 days (0.88 for PWH with visits within 30
days vs. 0.77 for beyond 30 days), suggesting the prefrailty stage in particular may be a
dynamic state that fluctuates over time, especially because it can be defined with a single
component (Table 3).

Using these cut-points for categorization of frailty stages, the Mod-FP categorized 43 (8%)
PWH as frail and 209 (40%) as prefrail, whereas the FFP categorized 45 (9%) PWH as frail
and 246 (47%) as prefrail (Table 4). Agreement between the frailty definitions, measured by
Cohen’s kappa, conferred substantial agreement (0.64 unweighted, 0.75 quadratic weighted,
Table 4). The unweighted observed agreement was 80%.

Finally, in logistic regression models summarizing associations with having experienced a
fall, we observed significant associations between additional frailty components and falls,
with smaller magnitude of point estimates for the Mod-FP (odds ratio [OR] = 1.36, 95%
Cl =1.02-1.81, p=.04) compared with the FFP (OR = 1.63, 95% CI = 1.22-2.18, p<
.01), although the confidence intervals overlapped (Figure 3 and Table 5). In age-stratified
analyses, these associations and trends persisted among PWH =55 years (Mod-FP: OR =
1.76, 95% Cl = 1.15-2.68, p=.01; FFP: OR =2.07, 95% CI = 1.26-3.41, p< .01) and
were attenuated among PWH <55 years (Mod-FP: OR = 1.09, 95% CI = 0.72-1.63, p=.69;
FFP: OR =1.41, 95% CI = 0.99-1.99, p=.053; Figure 3). We also estimated associations
between frailty and recurrent falls and observed similar results (Mod-FP: OR: 1.56, 95% CI
=1.07-2.28, p=.02; FFP: OR: 1.76, 95% CI = 1.23-2.51, p< .01, Figure 3). We did not
stratify these models due to the small number of recurrent falls.
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Discussion

We evaluated the utility of Mod-FP compared with FFP in discriminating not frail,
prefrail, and frail PWH and observed good measurement properties, including excellent
discrimination of frailty and substantial agreement with FFP in classifying PWH by

their frailty status. Identical cut-points were used for categorization into the three levels
often used to classify frailty stages (not frail, prefrail, and frail), and Mod-FP produced
comparable, albeit weaker, association estimates for the relationship between frailty and
falls. Our results also support the utility of the observed functional status measures (i.e.,
grip strength and gait speed) as important components to collect when possible and when
heightened sensitivity is required based on research questions and clinic resources because
they add additional context beyond the self-reported components. Overall, the Mod-FP
has excellent feasibility; it is a low-burden and an easily collected self-report measure of
frailty. Mod-FP can be systematically collected in most settings, with specific utility in HIV
care settings and large research studies, given the increasing rates of frailty in this aging
population, the impact of frailty on long-term outcomes, and growing interest in HIV and
aging research specifically focused on frailty.

Mod-FP had excellent discrimination for not frail PWH (specificity of 97%), but had lower
discrimination for frail PWH (sensitivity of 62%) at a cutoff of three components. Although
low sensitivity is less desirable, the sensitivity for detecting frailty at a cutoff of two
components is higher (89%). Therefore, some frail PWH may be misclassified as prefrail but
would likely remain within consideration for frailty interventions for slowing or managing
the progression. For prefrailty diagnostics, the Mod-FP was also better at discriminating
nonprefrail (specificity of 92%) than prefrail (sensitivity of 77%) PWH at a cutoff of one
component. These results are consistent with a study by Van der Elst et al. (2020) evaluating
the substitution of the functional status measures with self-reported questions. Van der Elst
and colleagues hypothesized that these differences in sensitivity and specificity may be
indicators of people overestimating their physical health/status in self-report compared with
their performance-based assessment results, which may also be the case in our cohort.

Furthermore, our results suggest that cut-points for categorizing not frail, prefrail, and frail
PWH could be the same as for the FFP, even though the Mod-FFP has one fewer component:
not frail, score of 0; prefrail, score of 1-2; and frail, score of =3 (Fried et al., 2001).

These classification values and cut-points observed in the full cohort also performed well

in stratified analyses in older/younger PWH, men/women, and Black/White PWH. This
consistency is important to confirm because future studies may focus on specific population
subgroups for certain research questions. This is also a new approach that has not been done
in other studies evaluating phenotype validity but is an important feature of the measure
(Kim et al., 2020; McMillan et al., 2021; Van der Elst et al., 2020).

We also observed very good agreement between the Mod-FP and FFP in this cohort: 8 and
9% of PWH were classified as frail, respectively, with observed agreement of 80%. The
agreement between the phenotypes was substantial in all weighting schemes (Cohen’s kappa
ranged from 0.64 to 0.75). Our results were similar to the study by Van der Elst et al. (2020),
although they included replacement questions for both weakness and slowness, whereas we
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replaced slowness and excluded weakness from the Mod-FP. We also confirmed that the
substitution of gait speed with the mobility PRO is reasonable.

The prevalence of frailty among the 522 participants in this study was lower than in all of
CNICS—8% on the Mod-FP in this study versus 13% as measured by the Mod-FP across
the whole CNICS cohort (Crane et al., 2022). This difference may be due to enrolling PWH
who are less likely to have frailty perhaps being more likely to volunteer to participate in the
PROSPER-HIV study, which is focused on nutrition and physical activity assessments. This
particular subset of PWH in CNICS may have better overall health. Also, all PROSPER-HIV
participants must be prescribed ART and have an undetectable HIV viral load, which
confers better health. Misrepresentation of health in self-report has been hypothesized as a
reason for modified phenotypes mis-classifying frail individuals (exemplified by the lower
sensitivity values; Van der Elst et al., 2020). Our study sample, PWH in CNICS who were
independently assessed at PROSPER-HIV visits and not selected for inclusion based on
frailty status, highlights a strength of this analysis in the context of evaluating the Mod-FP.

Both the Mod-FP and the FFP were associated with falls in the previous year, especially for
recurrent falls, consistent with the general older adult population (Cheng & Chang, 2017).
The observed association (i.e., higher odds of having experienced a fall associated with
higher frailty scores) persisted in both phenotype definitions among older PWH when we
stratified by age, but was attenuated for younger PWH in the FFP and null for the Mod-FP.
Overall, these results show similar estimation of associations for the definitions; however,
the observed functional status measures provide additional important information especially
for younger PWH, consistent with evidence from other studies (Beanland et al., 2021; Cesari
et al., 2009). Of note, this study was not designed to fully evaluate falls among PWH, but
we did observe a higher risk of falls associated with higher frailty scores, warranting future
studies evaluating the epidemiology of frailty and falls in this population, including risk
factors, potential causes, and best strategies for prevention.

The attenuation of associations between frailty and falls among younger PWH requires
some additional investigation. Although PWH experience frailty at younger ages than the
general population (Desquilbet et al., 2007; Levett et al., 2016; Piggott et al., 2016; Thurn
& Gustafson, 2017), less is known about how well the commonly used instruments measure
frailty among younger PWH. Our results align with this. Sensitivity and specificity were
similar, and the AUC of the ROC was higher among younger PWH than older, suggesting
the Mod-FP is comparable with the FFP in identifying younger frail PWH. However, the
lower magnitude of the point estimates in the falls analyses highlights the need for further
investigation regarding the predictive ability of frailty phenotypes among younger PWH.
Frailty assessment among younger adults is not often done in the general population and
understanding the limitations of frailty measurement poses clinical importance among PWH.
Ultimately, our study provides clear evidence as to the ability of the Mod-FP to identify
frailty and prefrailty, which is an essential first step to manage and follow its progression in
care.

Our results support the use of the Mod-FP within CNICS; however, it is important to
highlight that evaluating the validity of a new measure is a lengthy process involving a
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large body of research with considerations of different settings and subgroups that the
measure may be used among (Hughes, 2018). Further, the “validity” of a measure should be
viewed as a dynamic property that can fluctuate along a spectrum (not an “all or nothing”
property) and is the sum of its components, including but not limited to the forms of validity
evidence presented here, rather than a conclusion from a single analysis (Hughes, 2018;
Mokkink et al., 2010). In this study, we collected and analyzed evidence to understand

some of these properties in the setting of PWH engaged in clinical care in the United

States. We evaluated the performance of the Mod-FP specifically in subgroups to gain a
more comprehensive view of these properties. Overall, evaluating the validity of a measure
should be an ongoing process, including updating data and results when possible to continue
accumulating evidence for these measurement properties (Hughes, 2018).

Strengths of this study include the demographic diversity and size of the cohort, which
allowed for stratification and subgroup analyses. Our results are also consistent with other
studies that evaluated modifications to the FFP with substitutions and/or exclusions of
components, and we were able to expand this work to include the subgroup analyses among
PWH (Beanland et al., 2021; Van der Elst et al., 2020).

Notable limitations include limited generalizability due to self-selection into the PROSPER-
HIV study. The prevalence of frailty in the PROSPER-HIV cohort was slightly lower than

in the overall CNICS cohort, so participants in PROSPER-HIV may be healthier than

the larger CNICS cohort. Additionally, we were limited by sample size to robustly assess
recurrent falls within different strata; however, future work aims to thoroughly evaluate the
epidemiology and risk factors for the relationship between frailty and falls among PWH.
Furthermore, the cross-sectional design of this study limits our interpretation of causality or
directionality of these associations. The cross-sectional nature also precluded any analyses
of the progression of frailty, which could highlight further questions regarding differences

in frailty measurements over time and could vary in age strata due to differential likelihood
of transitions (both deterioration and recovery) in frailty associated with age (Piggott et al.,
2020). Finally, there was a gap for some PWH between the dates of completing their two
frailty assessments, particularly among those whose PROSPER-HIV visit occurred during
the COVID-19 pandemic; however, most PWH (77%) completed both within 30 days. We
assessed this time lag in sensitivity analyses and observed generally comparable ROC values
(0.94 vs. 0.94 for frailty and 0.88 vs. 0.77 for prefrailty, Table 3), and the results suggest that
prefrailty is a dynamic state.

Conclusion

The Mod-FP has good measurement properties for frailty with highly feasible (e.g., low
burden, fast, and does not require care provider administration) and widespread collection
throughout CNICS that could be applied in other time- or resource-constrained settings
among PWH as well. Nevertheless, validity properties should be reassessed in other settings.
We found frailty stages for the Mod-FP (not frail, prefrail, and frail) should be defined as in
FFP. Finally, functional status measures (e.g., grip strength and gait speed) provide valuable
additional information when available.
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Key Considerations

Ascertainment of frailty status among people with HIV is important to
understand risk factors and interventions to slow progression.

Self-reported modified Fried’s frailty phenotypes can accurately and reliably
measure frailty status with a low resource burden in HIV clinics across the
United States, allowing for widespread collection and characterization of
frailty to promote healthy aging among people with HIV.

Functional status measures of grip strength and gait speed provide additional
information as to overall physical frailty and could be used for extra
measurement after self-reported assessments.

Continued collection of validity evidence for modified frailty phenotypes for
use in other settings and populations is warranted.
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Figure 1.
Components included in each frailty phenotype definition. Fried’s frailty phenotype (FFP)

includes 5 components, with three overlapping with the modified Fried phenotype (Mod-
FP), which includes four components in total. FFP = Fried’s frailty phenotype; Mod-FP =
modified Fried phenotype.
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Histograms of walk time (gait speed) among people with HIV (PWH) without versus

with mobility difficulty. We graphed histograms of walk time (measured in seconds) based
on self-reported mobility. Mobility was dichotomized between PWH reporting mobility
difficulty and PWH reporting no mobility difficulty. Walk times among PWH reporting
mobility difficulty were skewed toward being slower than times among PWH reporting no

difficulty.
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Forest plot comparison of logistic regression estimated associations between frailty
measures and falls. We used logistic regression to estimate the association between frailty
and self-reported falls in the past 12 months. Falls were dichotomized as any versus none
and recurrent versus none. We found both phenotype definitions to be associated with any
fall and recurrent falls, with stronger associations with the FFP. We stratified the model for
any fall by age (at 55 years) and observed stronger associations among older people with
HIV (PWH), whereas the associations were attenuated among younger PWH. FFP = Fried’s
frailty phenotype.
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Table 1.
Descriptive Statistics of the Analytic Cohort (V= 522)

Variable n (%) unless noted
Gender
Male 410 (79)
Female 112 (21)
Age (years), mean (SD) 52 (11)
Age (years), median (IQR) 54 (44-61)
<55 276 (53)
255 246 (47)

Race/ethnicity

Black 268 (51)
Hispanic 26 (5)
Other 11 (2)
White 217 (42)

Frailty components

Unintentional weight loss 78 (15)
Exhaustion/fatigue 110 (21)
Low physical activity 129 (25)
Poor mobility 111 (21)
Walk time 85 (16)
Grip strength 65 (12)

Note. IQR = interquartile range.
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