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Background.  With effective antiretroviral therapy, there is an emerging population of adults aged 50 years or older with human 
immunodeficiency virus (HIV). Frailty is an increasingly recognized clinical state of vulnerability associated with disability, hospi-
talization, and mortality. However, there is a paucity of large studies assessing its prevalence in people with HIV (PWH) aged 50 or 
older.

Methods.  PubMed was systematically searched for studies published between January 2000 and August 2020 reporting the prev-
alence of frailty in PWH aged 50 or older. The pooled prevalence of frailty and prefrailty was synthesized using a random-effects 
meta-analysis.

Results.  Of the 425 studies identified, 26 studies were included in the analysis, with a total of 6584 PWH aged 50 or older. 
The included studies were published between 2012 and 2020, and all studies used the Fried frailty phenotype to define frailty. 
The overall pooled prevalence of frailty and prefrailty was 10.9% (95% confidence interval [CI], 8.1%–14.2%) and 47.2% (95% CI, 
40.1%–54.4%), respectively. A high degree of heterogeneity was observed (I2 = 93.2%). In the subgroup analysis, HIV-related vari-
ables and other demographic variables were examined, and heterogeneity disappeared only in the group of a longer duration since 
HIV diagnosis (I2 = 0%).

Conclusions.  The pooled prevalence of frailty and prefrailty defined by the Fried frailty phenotype was assessed in PWH aged 50 
or older. Findings from this study quantified the proportion of this specific population with this common geriatric syndrome. Future 
studies identifying effective strategies for frailty screening and intervention are required for this vulnerable population.

Keywords.  frailty; HIV; meta-analysis; prefrailty; systematic review.

The proportion of older people with human immunodefi-
ciency virus (HIV) has substantially increased due to the use 
of antiretroviral therapy (ART) resulting in improved survival 
rates. Approximately 10%–30% of the 36 million plus people 
with HIV (PWH) worldwide are now aged 50 or over. This 
number is expected to triple over the next 3 decades [1, 2]. A 
previous meta-analysis revealed that after starting combina-
tion ART, the overall life expectancy of HIV-infected individ-
uals in high-income countries was an additional 43.3 years at 

age 20 and 32.2 years at age 35 [3]. According to recent litera-
ture [4], the term “older patients” with HIV has been defined 
as adults aged 50 or older since PWH tend to suffer from ger-
iatric conditions at a relatively younger age than the general 
population.

Frailty is a common geriatric syndrome and one of the 
most serious global public health challenges [5]. Frailty is 
often defined as a clinical state of vulnerability characterized 
by reduced physiological reserves and a loss of resistance to 
stressors caused by multisystem physiological dysregulation 
and accumulated age-related deficits [6]. The Fried [7] frailty 
phenotype, first validated in the Cardiovascular Health Study, 
is one of the most commonly used definitions of frailty in 
contemporary research [8]. It conceptualizes frailty as a dis-
tinct phenotype defined by the presence of 3 or more of the 
following 5 criteria: weight loss, exhaustion, weakness, slow 
gait speed, and decreased physical activity [9]. Prefrailty is 
defined as meeting 1 or 2 of these criteria. The Fried phe-
notype definition of frailty is frequently used in epidemio-
logical studies because (1) there is an increasing consensus 
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that frailty is a definable clinical state with multiple signs and 
symptoms, (2) clinical manifestations of frailty may be or-
ganized into a self-perpetuating cycle (“cycle of frailty”) of 
progressing clinical observations, (3) frailty is syndromal in 
presentation, and (4) it provides an a priori theoretical frame-
work for mechanistic investigations underlying frailty [10]. 
In fact, a growing number of studies have shown that frailty 
is associated with adverse outcomes [11, 12]. For example, a 
study conducted by Rothman et al [12] showed that frailty de-
fined by the frailty phenotype was independently associated 
with chronic disability, long-term nursing home stays, and 
death. In addition, a meta-analysis conducted by Vermeiren 
et al [13] revealed that frailty increases the risk of mortality, 
the loss of activities of daily living, hospitalization, physical 
limitation, falls, and fractures. Given these negative impacts 
on older adults, the proper screening and assessment of frailty 
and appropriate interventions are critical for optimizing the 
care of frail patients.

Growing evidence suggests that frailty is a significant risk 
factor for various negative health consequences in PWH. For 
example, Desquilbet et al [14] showed that frailty assessed with 
the Fried frailty phenotype before the initiation of HIV treat-
ment was significantly associated with an increased risk of a 
composite outcome of acquired immunodeficiency syndrome 
and mortality. Another study, conducted by Piggott et al [15], 
showed that the combination of HIV infection and frailty as-
sessed using the Fried criteria was associated with a more than 
7-fold increased risk of death. In addition, frailty was also asso-
ciated with an increased risk of falls, hospitalizations, polyphar-
macy, and multi-comorbidities among patients with HIV [16]. 
Moreover, previous studies have suggested an earlier onset of 
frailty in PWH. For example, a study conducted by Rajasuriar 
et al [17] revealed that multiple geriatric conditions, including 
frailty, occur more frequently among PWH aged even in their 
30s and 40s.

Because PWH appear to suffer from frailty more frequently 
and at a younger age than the general population, frailty may 
be more prevalent in the newly emerging papulation of “older” 
PWH. Previous studies primarily focused on younger or mid-
dle-aged patients, given that the data on older adults are lim-
ited [18]. Only 1 systematic review assessed frailty prevalence, 
defined by the Fried phenotype criteria, in PWH [18]. In this 
study, a meta-analysis of data from 7 studies showed a pooled 
frailty prevalence of 8.6%. However, most samples included 
were young or middle-aged, with only 2 studies involving PWH 
aged 50 or older [19, 20]; therefore, the evidence of frailty status 
in older PWH remains scarce. Because frailty in older PWH is 
an emerging clinical challenge, it is essential to characterize the 
prevalence of frailty specific to this older population. Therefore, 
we conducted a systematic review and a meta-analysis to eval-
uate the prevalence of frailty and prefrailty in PWH aged 50 or 
older.

METHODS

Search Strategy and Study Selection

A systematic review of the literature was conducted in October 
2020 based on a protocol developed a priori by following the 
Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) statements [21]. The protocol was registered 
and is available at PROSPERO (https://www.crd.york.ac.uk/
prospero/display_record.php?RecordID=209152). We searched 
PubMed without language restrictions. The PubMed explo-
sion function was used. Cross-sectional studies that reported 
the prevalence of frailty or provided sufficient data to calculate 
the prevalence of frailty in patients with HIV were eligible. The 
search was conducted on August 11, 2020, for articles published 
in January 2000 or later. Medical Subject Headings (MeSH) 
and free-text terms used were as follows: “Frailty (MeSH)” OR 
“frail” AND “HIV (MeSH)” OR “Human immunodeficiency 
virus.” The reference lists of relevant articles were scrutinized. 
We contacted the corresponding authors of potentially eligible 
studies for the additional data required to conduct our meta-
analysis. Studies were considered potentially eligible if they met 
the following inclusion criteria: sampled community-dwelling 
PWH aged 50 or older, defined frailty status using the Fried 
frailty phenotype, and provided sufficient data to demonstrate 
the prevalence of frailty and/or prefrailty. Although there is no 
gold standard definition or criteria for diagnosing frailty, the 
majority of studies evaluating frailty prevalence among PWH 
had used the Fried phenotype to identify frailty. Moreover, the 
prevalence of frailty can vary significantly if different frailty cri-
teria are used, even with the same cohort [22]. Therefore, we 
only selected studies that had used the Fried frailty phenotype, 
to obtain consistent results and reduce heterogeneity. When a 
study included PWH younger than 50 years old and the data 
for PWH aged 50 or older was provided, the study was still con-
sidered eligible, and we only included data of PWH aged 50 or 
older. Randomized controlled trials, editorials, reviews, disser-
tations, and conference abstracts were excluded. If 2 or more 
studies used the same cohort, the one with the largest sample 
size was chosen. The studies identified during the systematic 
review were screened independently by 2 researchers (Y.Y. and 
G.K.), including their titles, abstracts, and full texts to ensure 
eligibility. Any discrepancies were solved by discussion.

Data Extraction

The information collected included the first author, cohort 
name if any, study location, sample size, the proportion of fe-
male participants, mean age, age range, frailty criteria, frailty 
assessment time, mean current CD4 cell count, mean nadir 
CD4 cell count, percentage of patients with undetectable viral 
load (VL), years since HIV diagnosis, HIV treatment duration, 
and the prevalence of frailty and prefrailty. Data were extracted 
directly from the studies included or were provided by the cor-
responding authors upon request. When the frailty prevalence 
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was not shown, it was calculated using the crude numbers of 
participants.

Methodological Quality Assessment

Two investigators (Y.Y. and T.K.) appraised the methodological 
quality of the studies selected using the Joanna Briggs Institute 
Critical Appraisal Checklist for Analytical Cross-Sectional 
Studies [23], which consists of 8 items to be answered either 
“yes,” “no,” “unclear,” or “not applicable.” Of the 8 items, “strat-
egies for confounders” was not answered because confounding 
factors do not affect the analysis of prevalence. We added the 
number of “yes” responses for each study reaching a score ran-
ging from 0 to 7, with a higher score indicating better method-
ological quality. Scores of 4 or higher were considered to have 
adequate methodological quality.

Statistical Analysis

The pooled prevalence of frailty and prefrailty was calculated 
using a proportion meta-analysis. Heterogeneity across the 
studies was examined using a χ2 test, and the degree of het-
erogeneity was quantified using the I2 statistic. We selected a 
random-effects meta-analysis because a high degree of hetero-
geneity was expected. In addition, publication bias was assessed 
by visually inspecting funnel plots. All analyses were conducted 
using StatsDirect (version 3.3.4; StatsDirect, Cheshire, United 
Kingdom), and a 2-sided P value of less than .05 was considered 
statistically significant.

Several subgroup meta-analyses were conducted to explore 
potential factors affecting the pooled prevalence of frailty. 
Factors considered in the subgroup analysis were mean age (<55 
vs >55), percentage of female gender (0%–36% vs 50%–100%), 
location (United States/Canada, Europe, and Asia/others), frailty 
assessment year (2013–2014 vs 2015–2018), mean current CD4 
cell count (466–574 vs 592–673 cells/μL), mean nadir CD4 cell 
count (50–159 vs 161–208 cells/μL), percentage of patients with 
undetectable VL (69.5%–92.6% vs 93.3%–100%), mean duration 
since diagnosis of HIV (11.1–17.5 vs 19.1–23.2 years), and mean 
duration of treatment (2.2–10.0 vs 11.3–18.3 years).

RESULTS

Selection Processes

The PubMed search identified 425 articles, and no additional 
articles were found from other sources. All 425 articles were 
screened. The title and abstract screening excluded 342 arti-
cles, and the full texts of 83 articles were reviewed. Of these, 57 
studies were removed for the following reasons: the same cohort 
used (n = 19), mean age <50 years old (n = 18), missing data 
(n = 11), the modified Cardiovascular Health Study (mCHS) 
had not been used for frailty diagnosis (n = 7), and randomized 
controlled trials (n = 2). Twenty-six studies were included for 
quantitative synthesis by meta-analysis. The flow chart of the 
literature search is summarized in Figure 1.

Study Characteristics

Table 1 summarizes the 26 studies on the prevalence of frailty in 
PWH aged 50 or older [16, 19, 24–47]. The frailty assessments 
were conducted between 2003 [43] and 2018 [35, 40]. The prev-
alence of prefrailty was reported in 22 of the 26 studies. The size 
of the cohorts in each study ranged from 27 [35] to 1016 [32]. 
Two studies [28, 41] consisted only of male participants, and 
2 other studies [31, 46] consisted of only female participants, 
whereas the rest used mixed-gender cohorts with the range of 
6.4% [19] to 50% [43] female participants. The mean age of the 
cohorts ranged from 50.1 [38] to 61.3 years [47], although the 
exact mean age was not reported in 5 studies. Sixteen studies 
were conducted in the United States and Canada, 5 studies were 
conducted in the European Union, and 5 studies were con-
ducted in Asia or other regions. Regarding HIV-related vari-
ables, the mean current CD4 cell count was reported in 18 of the 
26 studies, ranging from 466 [37] to 673 cells/μL [36], and the 
mean nadir CD4 cell count was reported in 18 studies, ranging 
from 50 [33] to 208 cells/μL [40]. The percentage of patients 
with undetectable VL was reported in 19 studies, ranging from 
69.5% [38] to 100% [19, 40]. The mean duration since diagnosis 
of HIV was reported in 14 studies, ranging from 11.1 [29] to 
23.2 years [24]. The mean duration of treatment was reported in 
7 studies, ranging from 2.2 [25] to 18.3 years [24].

Methodological Quality Assessment

The 8-item Joanna Briggs Institute Critical Appraisal Checklist 
was used for all 26 studies, and the scores were all 7 of 7 
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Figure 1.  Flow chart of systematic literature review. mCHS, modified 
Cardiovascular Health Study; RCT, randomized controlled trials.
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(Supplementary Table S1). Therefore, all the studies included 
were considered of adequate methodological quality.

Meta-Analysis of the Prevalence of Frailty and Prefrailty

A random-effect meta-analysis showed that the pooled preva-
lence of frailty and prefrailty was 10.9% (n = 26, 95% confidence 
interval [CI ]= 8.1%–14.2%, P < .001) and 47.2% (n = 22, 95% 
CI = 40.1%–54.4%, P < .001), respectively. There was a high 
degree of heterogeneity (frailty: I2 = 93%, P < .001; prefrailty: 
I2 = 96%, P < .001). The forest plots for the prevalence of frailty 
and prefrailty are shown in Figures 2 and 3, respectively. No sig-
nificant asymmetry was observed in the funnel plots.

Subgroup Meta-Analysis

Table 2 presents the findings of the subgroup analysis. Again, 
there was a high degree of heterogeneity persisting across all 
subgroups (I2 = 74%–97%, P < .02), except for the group with 
the longest duration (19.1–23.2 years) since HIV diagnosis 
(I2 = 0%, P = .66).

DISCUSSION

We conducted a systematic review of the literature to collect the 
currently available evidence on the prevalence of frailty in PWH 
aged 50 or older and identified 26 studies for meta-analysis. The 
pooled prevalence of frailty and prefrailty defined by the Fried 
frailty phenotype was 10.9% and 47.2%, respectively. These 
figures are comparable to the pooled prevalence of frailty and 
prefrailty among community-dwelling older adults aged 65 or 
older previously reported in a systematic review [48]. However, 
it is important to note that the prevalence in each study was 
quite variable.

The studies identified by our systematic review demonstrated 
a wide range of frailty prevalence among PWH aged 50 or older 
(2.9% to 28.6%). For example, Zamudio-Rodríguez et al [29] re-
ported a prevalence of 2.9% at a university-affiliated tertiary care 
center in Mexico City. Meanwhile, Althoff et al [41] reported 
a prevalence of 28.6%, which only included men who had sex 
with men in the United States. These differences are likely mul-
tifactorial, including age difference, time since HIV diagnosis, 
use and adherence to ART, differences in comorbidities among 
the study population, and the locations of studies. There is also 
considerable variability reported in how the Fried frailty phe-
notype was measured depending on local conditions, the ex-
perience of the personnel performing the measurements, or 
the availability of specialized equipment [49]. For example, in 
the study conducted by Sandkovsky et al [34], exhaustion, grip 
strength, gait speed, and physical activity were all measured dif-
ferently from what Fried et al [7] proposed in their study. In 
addition, Theou et al [49] revealed the differences in the meas-
ured prevalence of frailty even within the same cohort due to 
the variability of Fried frailty phenotype measurement. Several 
studies had also compared the prevalence of frailty between 

PWH and people without HIV. For example, Desquilbet et al 
[50] examined 245 patients infected with HIV including uncon-
trolled HIV patients and 1977 non-HIV-infected patients, and 
they demonstrated that the prevalence of frailty among patients 
with HIV was higher than that of those without HIV. However, 
Piggott et al [15] reported that the risk of frailty among people 
with well controlled HIV was similar to that in controls without 
HIV. Several potential risk factors specific for PWH have been 
identified, including lower nadir and lower current CD4 cell 
counts and detectable viremia [19, 51].

Patients with HIV seem to develop frailty earlier than those 
without HIV [52]. Although the etiology of earlier onset frailty 
in people with HIV is unclear, a potential mechanism could 
be the immune deficiency and/or immune activation [53] ob-
served during the clinical course of HIV. Changes to the im-
mune system, such as T-cell telomere length or reduced naive 
T-cell generation, suggest accelerated immune senescence [54]. 
In addition, a strong association between inflammatory bio-
markers and frailty has been established in previous studies 
of the general population [55, 56]. Furthermore, chronic in-
flammation has increasingly been recognized as playing a crit-
ical role in frailty in PWH [57]. It is notable that the relatively 
younger age when frailty presents in HIV cohorts highlights the 
importance of early frailty screening, evaluation, and interven-
tion in this higher-risk population using a more standardized 
approach. Future studies should compare frailty prevalence in 
patients with or without HIV to determine whether frailty has 
an earlier onset in those with HIV.

Our study also showed that the prevalence of prefrailty was 
comparable between PWH aged 50 or older and community-
dwelling older adults aged 65 or older. Although data are 
lacking in PWH, several studies have shown that prefrailty in 
older adults is associated with a worse survival rate and a higher 
number of impairments to their daily living and instrumental 
activities compared to those who are nonfrail [58]. Given that 
prior studies have shown that prefrailty predicts future frailty 
[7], further research in prefrailty in PWH is needed to charac-
terize transitions between prefrailty and frailty in this vulner-
able population.

There was a high degree of heterogeneity across the variables 
examined; nevertheless, heterogeneity disappeared in the group 
with the longest duration (19.1–23.2 years) since HIV diagnosis 
(I2 = 0%). This finding indicates that frailty prevalence in PWH 
of a longer duration since diagnosis is less variable than in PWH 
of a shorter duration, or PWH of all lengths duration. The sur-
vivorship bias is a possible explanation of this finding.

Frailty assessment is widely implemented in geriatric clinical 
practice [59], and early recognition of frailty can likely lead to 
meaningful interventions such as exercise and nutritional sup-
port to avoid adverse outcomes [60]. However, care for PWH is 
often provided in a context that prioritizes goals specific to HIV 
infection, whereas frailty in PWH may go underrecognized 

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofac129#supplementary-data
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due to a lack of clinical guidelines or evidence [61]. This in-
dicates a need for proper assessment and effective interven-
tions to improve the assessment of frailty in HIV primary 

care management. This could include HIV provider education 
on frailty and team-based approaches, such as HIV-geriatric 
collaborative practice models [62]. Comprehensive geriatric 
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assessment is useful for managing older patients and might be 
of benefit in patients with HIV with suspected frailty, even if 
they are younger than the usual age cutoff for geriatric clinics. 
Evidence surrounding interventions that prevent frailty [63] 
varies. Epidemiological evidence suggests that interventions 
to assess and manage comorbidities, such as reducing cardio-
vascular risk factors, increasing exercise, optimizing body mass 

index, and improving personal and community resources, may 
reduce the risk of frailty [64–67]. In patients with HIV, frailty 
management is likely to require an even more organized and 
multidimensional approach. For example, the 6M approach, fo-
cusing on mind, mobility, medications, multicomplexity, matter 
most, and modifiable, has been proposed for the management 
of older patients with HIV [61]. The geriatric 5Ms [68] plus the 
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additional 6th M (modifiable), which targets contributing fac-
tors that are modifiable, such as substance use counseling or 
healthy diet, could be a useful model for caring for frail patients 
with HIV. Future studies should evaluate these interventions to 
establish their effectiveness at managing frailty in PWH.

Our study has several strengths. First, the systematic review 
and meta-analysis were performed using the PRISMA protocol 
statements, with a comprehensive and reproducible search 
strategy. Screening was conducted by 2 researchers independ-
ently, and all the studies included were evaluated for method-
ological quality. Second, the large number of studies included 
enabled subgroup analyses to be conducted. Third, we analyzed 
international data, including from the United States, Canada, 
Europe, and Asia. Fourth, to the best of our knowledge, this is 
the first systematic review-based meta-analysis that has evalu-
ated the pooled prevalence of frailty and prefrailty in PWH aged 
50 or over.

Some limitations must also be noted. First, only the PubMed 
database was used to identify studies in this review; therefore, 
some relevant studies may not have been included. However, we 
minimized this risk by thoroughly reviewing the reference lists 

of all the relevant studies. We also contacted the studies’ cor-
responding authors to inquire about other potential studies or 
cohorts for additional data. Second, whereas we conducted sub-
group analyses, some may be underpowered due to the limited 
number of studies available. Third, our analysis only included 
studies that used the Fried frailty phenotype to define frailty. In 
addition, in some of these studies of PWH, variations of Fried 
frailty phenotype measurements were used. Therefore, our find-
ings should be interpreted in the context of this specific frailty 
phenotype as well as variations in its measurement.

CONCLUSIONS

The pooled prevalence of frailty and prefrailty in PWH aged 50 
or older was 10.9% and 47.2%, respectively. Given the compar-
ative prevalence of frailty in older adults without HIV, future 
steps to identify effective strategies for frailty screening and in-
tervention are needed for HIV-infected patients. Clinicians 
caring for HIV patients need to be aware of the risk of frailty, 
and more collaboration between HIV care providers and geria-
tricians is required for integrated HIV management.

Table 2.  Subgroup Analyses of Cross-Sectional Associations Between HIV Status and Frailty

Variables Number of Cohorts Pooled Prevalence (95% CI) P for Heterogeneity I2 

Total 26 10.9 (8.1–14.2) <.001 93%

Subgroup

 � Mean/Median Age

  �  <55 11 10.2 (5.7–15.8) <.001 96%

  �  >55 10 12.2 (7.8–17.5) <.001 88%

 � Female Sex (%)

  �  0–36 19 11.2 (7.8–15.2) <.001 94%

  �  50–100 3 10.0 (3.9–18.6) <.01 79%

 � Location

  �  US/Canada 16 12.5 (8.1–17.6) <.001 95%

  �  Europe 5 9.0 (6.4–12.0) .02 68%

  �  Asia/others 5 8.5 (3.4–15.4) <.001 89%

 � Frailty Assessment Year

  �  2003–2014 11 11.5 (6.7–17.4) <.001 96%

  �  2015–2018 11 10.0 (6.3–14.6) <.001 90%

 � Current CD4 (Cells/μL)

  �  466–574 9 14.0 (8.6–20.6) <.001 94%

  �  592–673 9 11.3 (7.8–15.4) <.001 80%

 � Nadir CD4 (Cells/μL)

  �  50–159 7 11.4 (6.4–17.6) < 0.001 91%

  �  161–208 7 11.7 (8.7–15.0) 0.02 60%

 � Undetectable VL (%)

  �  69.5–92.6 10 11.7 (6.4–18.4) < 0.001 97%

  �  93.3–100 9 10.1 (7.3–13.3) < 0.001 74%

 � Years Since HIV Diagnosis

  �  11.1–17.5 7 12.5 (7.6–18.3) < 0.001 85%

  �  19.1–23.2 6 9.7 (7.7–12.0) 0.66 0%

 � Treatment Duration (Years)

  �  2.2–10.0 4 14.6 (5.0–28.0) < 0.001 98%

  �  11.3–18.3 4 12.5 (6.5–20.0) < 0.001 85%

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; VL, viral load. 
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