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Abstract

Frailty is a critical aging-related syndrome marked by diminished physiologic reserve and 

heightened vulnerability to stressors, predisposing to major adverse clinical outcomes, including 

hospitalization, institutionalization, disability, and death in the general population of older adults. 

As the proportion of older adults living with HIV increases in the era of antiretroviral therapy, 

frailty is increasingly recognized to be of significant clinical and public health relevance to the 

HIV-infected population. This article reviews current knowledge on the epidemiology and biology 

of frailty and its potential role as a target for reducing disparities in outcomes in HIV; conceptual 

frameworks and current approaches to frailty measurement; existing data on frailty interventions; 

and important areas for future research focus necessary to develop and advance effective strategies 

to prevent or ameliorate frailty and its marked adverse consequences among people living with 

HIV.
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Introduction

Aging and HIV

With the advent of effective combination antiretroviral therapy (cART), HIV-infected 

persons are living longer and the proportion of older adults living with HIV is increasing. 
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Approximately 10–30 % of the over 36 million people living with HIV worldwide are now 

over 50 years of age, with this number expected to triple over the next three decades [1, 2]. 

With increasing age has come an increasing burden of aging-associated conditions and 

complications, and significant adverse aging-associated syndromes [1–15]. This burden is 

heightened in the HIV-infected population relative to their HIV-uninfected counterparts. 

These shifts have necessitated an increased focus on reducing vulnerability to adverse aging-

related outcomes among HIV-infected persons.

Frailty Definition

Initially recognized as a clinical entity over four decades ago, frailty has been defined as a 

key adverse aging-related syndrome of vulnerability, predisposing to adverse clinical 

outcomes of major public health importance. Initially conceived as a syndrome of older 

adults (65 years and older), the frailty construct has been conceptualized as a cumulative 

loss of physiologic reserve with diminished homeostasis, resulting in increased susceptibility 

and decreased resilience to stress, ultimately precipitating marked adverse outcomes 

including increased hospitalization, institutionalization, and death (Fig. 1) [16–23]. In early 

theoretical frameworks and in recent expert consensus, frailty has been considered related 

but distinct from disability, and in several constructs considered distinct from comorbidity 

[17–20, 24]. Further, while aging-related, frailty has been characterized as distinct from 

chronologic age [17, 18, 25].

Frailty Measurement and Burden

Frailty Measurement in Older Adults—Multiple instruments have been employed for 

frailty assessment among older adults. Such instruments have been applied to the study of 

clinical risk, methodologic assessments, frailty burden, frailty etiology, biomarker 

evaluation, and to delineate frail individuals for inclusion or exclusion in clinical studies 

[26]. While no gold standard measure exists, a recent systematic review identified nine 

highly cited frailty instruments of which two—the physical frailty phenotype and the deficit 

accumulation index—have been most predominantly applied.

Derived from a theoretically based evolution of frailty conceptual frameworks, the physical 

frailty phenotype (PFP) has been the most commonly used frailty construct in the research 

literature to date [26, 27]. First operationalized in the Cardiovascular Health Study of older 

US adults, the PFP is defined by the presence of three or more of five phenotypic domains: 

weight loss, weakness, low physical activity, poor endurance, and slow gait. In initial 

validation, the PFP was found to be related but distinct from comorbidity and disability. The 

PFP was subsequently externally validated as a syndrome in the Women's Health and Aging 

Study [28].

The Deficit Accumulation Index (DAI) conceptualizes frailty as vulnerability engendered by 

the accumulation of nonspecific age-related health deficits without a defined underlying 

pathophysiology. This index includes measures of physical function, cognition, comorbidity, 

social, sensory, and demographic factors [29–34]. Though nonspecific, assessment of a 

minimum number of deficits has been proposed necessary for this construct. Both the PFP 

and DAI have been associated with significantly increased risk for key adverse aging-related 
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outcomes [27–31, 33], though reflect different conceptual frameworks for the frailty 

construct and its putative underlying pathophysiology [23, 35, 36].

Frailty Burden in Older Adults—Regardless of instrument, frailty burden in older adults 

has been found to be substantial. Recent nationally representative estimates based on PFP 

assessment among US adults 65 years and older demonstrate an overall frailty prevalence of 

15 % [37]. An even higher frailty burden (30–40 %) has been observed in low and middle 

income countries [38]. Among older adults, multiple studies demonstrate increased frailty 

burden with age, particularly among women and persons with increased chronic comorbid 

disease [27, 28].

Frailty Measurement and Burden in HIV—Recognition of similarities in the biology 

and clinical phenotype between older adults and HIV-infected adults led to the study of 

frailty in HIV. The first evaluation of frailty in HIV was a retrospective analysis in the 

Multicenter AIDS Cohort Study (MACS) of HIV-infected men who have sex with men 

(MSM), using self-reported measures to approximate four out of five PFP domain criteria 

[39]. In this study, HIV infection was strongly associated with a heightened burden of this 

frailty-related phenotype (FRP). Subsequent studies demonstrated the significant association 

of the FRP with advanced HIV disease, specifically low CD4 counts [40]. Additional 

prospective studies incorporating objective measures of gait speed and grip strength as in the 

original PFP measure and using all five PFP domains have demonstrated a heightened 

burden of frailty in HIV, particularly with poorly controlled HIV infection or advanced HIV 

disease. The frailty burden reported in these studies ranged from 5 to 19 % though direct 

comparative assessment of these estimates is limited by different internal cutoffs for 

component measures and differences in populations between studies [41–49]. Congruent 

with findings in older adults, these HIV cohort studies have demonstrated increased frailty 

burden with age, among women, and with increased chronic comorbid disease [19, 41–44, 

46, 47, 49, 50].

A few studies have adopted the DAI approach to the study of frailty in HIV. Guaraldi and 

colleagues recently constructed a 37-item index that consisted of metabolic, hematologic, 

and coagulation parameters, hepatitis B and C status, polypharmacy, low physical activity, 

and unemployment; a 45-item index included comorbidity variables; and a 53-item index 

added eight HIV-related variables. Frailty index scores in this study were all strongly 

associated with increased age [51]. A continuous index was also derived in the Veterans 

Aging Cohort Study (VACS index) [52]. This index was initially developed as a prognostic 

tool for survival in HIV-infected Veterans. It includes HIV parameters (CD4 count and 

HIV-1 RNA) and several markers of chronic comorbid disease of greater prevalence in HIV, 

including renal dysfunction, markers of liver fibrosis, anemia, and hepatitis C. Distinct from 

other measures, the VACS index incorporates age in its calculation for risk assessment.

Frailty Outcomes in HIV—Multiple studies have now demonstrated a heightened burden 

of frailty in the HIV-infected population as described above. However, the median ages in 

cohorts of HIV-infected participants in which frailty has been studied are notably younger 

than the 65 years and older populations in which the frailty construct was initially conceived, 

operationalized, and applied. Thus, a critical question has been whether the frailty construct 
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is relevant to aging, but younger HIV-infected populations, particularly in relation to clinical 

outcomes.

While studies remain limited, there is a growing evidence base that the frailty construct finds 

applicability to younger HIV-infected persons and their high risk uninfected counterparts. In 

initial studies in the MACS, FRP status prior to cART initiation was significantly associated 

with an increased risk of a composite outcome of AIDS and death after cART [53]. In more 

recent studies by Piggott and colleagues applying the PFP in the AIDS Linked to the 

IntraVenous Experience (ALIVE) cohort of HIV-infected and uninfected persons with a 

history of injection drug use, being HIV infected or frail was associated with an 

approximately 3-fold increased risk of death, while being both HIV infected and frail was 

associated with an over 7-fold increased risk of death, independent of comorbidity and HIV 

disease stage [47]. Subsequent studies have demonstrated significant associations of both an 

adapted self-reported FRP and frailty DAI indices with mortality among people living with 

HIV [51, 54].

Frailty has also been associated with an increased risk of falls and hospitalizations in HIV 

(Fig. 1). In a cross-sectional study, Erlandson and colleagues demonstrated that each one 

point worsening of the PFP increased the odds of falls by 3.1 (CI, 2.3 to 4.2; P < 0.001) [55], 

and that frailty by the PFP was strongly associated with an increased risk of hospitalizations 

(unpublished data), polypharmacy, and multimorbidity [50]. Onen and colleagues similarly 

demonstrated an increased odds of hospitalization with the PFP in the Washington 

University HIV clinic [44]. Both the adapted FRP and the VACS index have been associated 

with increased hospitalization risk in the Veterans population [54]. Further, in prospective 

analysis in ALIVE, the PFP has been significantly associated with increased hospitalization 

risk (manuscript submitted).

Does Increased Frailty Burden in HIV Represent Accelerated Aging?—Debate 

continues on whether untreated or cART-treated HIV prematurely accelerates aging-related 

pathophysiology [56]. The relationship of HIV infection to several biological aging-related 

pathophysiologic pathways has provided some support for this hypothesis [57–60]. 

Conversely, several recent epidemiologic studies provide support for an accentuated rather 

than accelerated aging-related process in the HIV-infected population, with no difference in 

the mean age at onset of several aging-related disease conditions between HIV-infected and 

uninfected persons [61, 62]. In studies in the MACS, the increased frailty burden with HIV 

was most notable over 50 years of age [41]. However, these studies reflect observations of 

heightened frailty prevalence rather than incidence and thus do not yet provide evidence for 

“accelerated” frailty in the HIV-infected population. Further, unlike multiple non-AIDS 

chronic disease conditions, frailty has been considered dynamic in HIV-infected and 

uninfected populations alike [41, 63]. With this putative reversibility, without a better 

understanding of underlying frailty biology (Fig. 1), it will be difficult to assess the role of 

HIV infection or prior and current cART exposure as mediators of an accelerated frailty 

pathway.
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Frailty and HIV: Shared Disparities

Marked disparities in frailty burden exist within the general population of older adults [64–

67]. At the individual level, several studies report an increased frailty burden among older 

adults facing heightened socioeconomic challenges. In recent data, frailty burden was 

notably greater among minority and low income populations, across US geographic regions 

[37]. Frailty amelioration may thus be critical to reducing vulnerability and disparity and 

promoting equitable health outcomes among older adults.

Significant geographic overlap exists in the regions with the most severe frailty and HIV 

burden [37, 68]. As observed for frailty in older adults, HIV also disproportionately impacts 

minority and socioeconomically challenged populations [69–76]. These populations not only 

bear the greatest burden of HIV infection but also suffer the most severe morbidity and 

mortality with HIV disease. Frailty also has been significantly associated with heightened 

socioeconomic challenge including low educational attainment, low income, and individual 

unemployment in HIV-infected cohorts [41, 42, 44, 46, 47, 49, 50]. Frailty may thus also be 

a critical target to reduce disparities in health outcomes within the HIV-infected population 

and among their high risk counterparts.

Frailty Biology

Frailty Biology in Older Adults—Developing interventions to prevent or ameliorate 

frailty and its major adverse clinical consequences requires an understanding of the 

pathophysiologic pathways that precipitate its onset and progression (Fig. 1). Frailty has 

been associated with a range of aberrant, dynamic, multisystem physiologic stress responses 

among older HIV-uninfected adults affecting neuroendocrine, metabolic, musculoskeletal, 

cognitive, and immune systems [17, 35, 77–79]. Dysregulated pathways proposed to 

contribute to frailty pathophysiology include disruption of key stress response systems 

including the sympathetic nervous system; hypothalamic-pituitary axis; hormonal 

dysregulation with disruption of glucose, amino acid, and lipid metabolism; brain blood flow 

and anatomy; and innate immune dysregulation—driven by underlying aging-related cellular 

and molecular pathogeneses (Fig. 1) [79–81]. These aberrant pathways have been proposed 

to adversely impact muscle mass and quality, strength, endurance, and efficiency of energy 

expenditure.

Frailty Biology in HIV—Increasing evidence exists for a role of HIV infection in 

promoting aberrant aging-related biology (Fig. 1) [7]. HIV infection has been associated 

with telomere attrition, aging-related epigenetic modifications (e.g., methylome), endocrine 

dysregulation, cardiometabolic complications, and mitochondrial dysfunction [58, 59, 82–

90]. The strongest biological evidence for the role of HIV pathophysiology in promoting 

aging-associated conditions lies in the realm of dysregulated inflammation and immunity. 

Dysregulated inflammation has been strongly associated with both specific aging-associated 

diseases (e.g., diabetes, cardiovascular disease, cancer) and adverse aging-associated 

syndromes, such as frailty in the general population of older adults [91–94].

A chronic, persistent pro-inflammatory state, despite effective cART, also appears central to 

HIV-related pathogenesis (Fig. 1). HIV infection leads to potent dysregulation and activation 
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of the innate immune system through toll-like receptor activation, microbial translocation 

through gut CD4+ T cell and lymphoid tissue depletion and alteration in the gut 

microbiome, facilitation of co-infections, and promotion of cell death [95–97]. Even with 

cART, residual inflammation and immune cell activation persist and have been associated 

with increased morbidity and mortality among HIV-infected persons [95, 98, 99]. In the 

University of Colorado HIV cohort study, heightened inflammation (serum IL-6) and 

immune activation (CD8+ T cell activation) were significantly associated with low physical 

function as assessed by a composite measure of the PFP and a Short Physical Performance 

Battery [84]. In recent reports from ALIVE, the PFP was found to be significantly associated 

with inflammation as measured by an NFkB related, biologically informed inflammatory 

index (combined measure of IL-6 and soluble TNF receptor 1), itself a significant 

independent predictor of mortality [100].

Frailty Interventions

Consensus exists for the frailty construct as amenable to and a key target for intervention 

[20, 21]. Although many studies have tested clinical interventions on components of the 

frailty phenotype (i.e., strength, activity), few studies have tested clinical interventions to 

ameliorate frailty as a syndrome in any population or group. Existing studies in physical 

frailty have been primarily focused on exercise training or increased physical activity as 

primary interventions [101–104]. Randomized, controlled trials of progressive exercise 

training interventions have targeted aerobic, resistance, balance, and flexibility domains in 

community-dwelling frail older adults and have reported some protection against loss of 

muscle mass (sarcopenia) and strength (dynapenia) with functional benefits [105–107]. 

However, sarcopenia and dynapenia primarily adversely affect physical function dimensions 

of frailty. The potential beneficial effects of increased physical activity, muscle mass and 

strength, and cardiovascular endurance on cognitive and immune function remain to be 

determined, especially in people living with HIV. Further, in people living with HIV and 

taking effective cART, the magnitude and incidence of muscle wasting over time is similar 

to age-matched seronegative adults [108]. So, among frail, HIV-infected adults, muscle-

building interventions alone may not be entirely effective against physical frailty.

One important recent trial (LIFE-P study) reported efficacy of increased physical activity as 

an intervention for frailty, defined by the PFP [109]. This study included 424 community-

dwelling older adults with a mean age of 76.8 years. Participants were randomized to a 12-

month physical activity intervention or to a successful aging education group. There was an 

equivalent frailty prevalence at baseline between the two groups of approximately 23 %. A 

significant difference in frailty prevalence was observed after 12 months: 10 % in the 

physical activity intervention group and 19.1 % in the group receiving educational 

counseling.

Several trials have suggested a potential role for multimodal interventions in frailty. The 

Australian FIT trial randomized 216 participants to receive an intervention targeting 

individual components of the PFP as compared to usual health care and support services 

[110]. Participants were all frail by PFP criteria at study initiation. There was a significant 

14.7 % lower prevalence of frailty observed at 12 months in the intervention group 
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compared to usual care. In a trial of 117 older Taiwanese adults, participants were 

randomized to 3 months of combined exercise and nutrition intervention or to an educational 

program [111]. The primary outcome was improvement in the PFP by at least one category: 

a significant improvement was noted in the intervention group (45 %) compared to the 

control (27 %). Little data exists on the role of solitary nutritional interventions for frailty, 

with several multimodal interventions for frailty ongoing among the general population of 

older adults, several of which have incorporated nutrition [21, 112–114]. Few data exist on 

such interventions for frailty in HIV-infected adults.

Advances in understanding frailty biology will be key to the development of effective 

pathogenesis-based therapeutics for frailty. Pharmacologic interventions proposed to target 

frailty or its components have been studied in the general population and include endocrine 

agents (androgenic steroids, vitamin D, growth hormone, and insulin-like growth factor-1 or 

their secretagogues), ACE inhibitors, cytokine targeting agents, anti-inflammatory 

medications, and other immunomodulators [115]. Significant research remains to be done in 

this sphere, among HIV-infected adults and in the general population.

Conclusion

Future Directions

Much success has been achieved in reducing AIDS-related morbidity and overall mortality 

in the HIV-infected population. Yet, notable disparities remain in clinical outcomes between 

HIV-infected and uninfected persons and between subgroups within the aging HIV-infected 

population. There is now increasing evidence for the relevance of frailty as a key construct in 

identifying vulnerability among HIV-infected persons, and frailty may be a key target to 

reduce disparities in HIV. The relatively younger ages at which frailty has been found 

pertinent in HIV cohorts also suggests the importance of early life course frailty intervention 

in both HIV-infected and uninfected persons. However, several key challenges and critical 

research needs remain for the study of frailty in HIV, particularly relative to frailty 

measurement, clinical application, frailty biology, and the need for effective frailty 

interventions.

Increasing epidemiologic and biological evidence exists for the similarity of the frailty 

construct in both older adults and among younger but aging HIV-infected individuals. 

However, further investigation into the underpinnings of frailty will require careful attention 

to the instruments used for frailty measurement. While no gold standard exists, agreement 

exists that any instrument should be multi-faceted, clinically feasible, and subject to change 

[26]. Some suggest that frailty instrument selection may vary by the setting and need. 

However, a significant challenge raised in the application of different instruments to frailty 

assessment is the potential discordance in the underlying theoretical construct being 

captured across instruments. In this regard, application of instruments to frailty measurement 

should be attentive to established principles of validation. Validation should extend beyond 

solely predictive validity or an instrument's association with increased risk for clinical 

events. For example, many disease conditions and clinical syndromes may predict or be 

strongly associated with increased risk for death, while qualitatively distinct in their 

underlying pathophysiology and manifestations. Thus, careful attention should be paid to the 
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underlying theoretical framework of the frailty construct in the application of any instrument 

to frailty measurement (Fig. 1). Ultimately, achieving consensus on frailty measurement, 

attentive to the aforementioned principles, will remain an important goal for advancing the 

frailty research agenda across HIV-infected and general populations alike.

One particular recent theoretical challenge for the field of frailty has been the relationship of 

physical frailty to cognitive impairment. Cognitive impairment has been associated with 

physical frailty in some studies and incorporated into frailty instruments in others [116–

120]. Whether cognitive impairment belongs to the same latent construct as frailty remains 

an active area of research inquiry among older adults in general, and similar studies are 

needed on the relationship of cognition to frailty in HIV.

Despite the significant public health importance of the frailty construct, few studies in older 

adults have applied frailty instruments to clinical decision-making. The frailty construct has 

been used for risk stratification and to guide treatment decisions in surgical and oncology 

populations [121, 122]. However, little data exist on such use in the HIV-infected population. 

A recent study in an Arizona clinic did report the potential feasibility of incorporating the 

PFP into HIV clinical practice [48]. Further study on implementation and utility in HIV 

clinical practice is needed.

One particular challenge to the clinical application of frailty in HIV is the paucity of proven 

frailty targeted interventions for use once frailty has been identified. Development of frailty 

interventions thus remains an active area of research need. The efficacy of targeting frailty as 

a complex, aggregate syndrome or targeting its putative components tailoring interventions 

to individual vulnerabilities requires future study. Ultimately, elucidation of frailty biology 

will be key to the development of such interventions. In order to better understand the 

biology of frailty in HIV, it will be necessary to further untangle the relationships of frailty, 

comorbidity, and disability and better understand whether frailty has its own underlying 

biology distinct from the latter two syndromes. Finally, mechanisms by which HIV biology 

may converge upon and precipitate frailty biology requires further investigation and could 

significantly inform frailty interventions to reduce vulnerability and disparity in the HIV-

infected population and their high risk HIV-uninfected counterparts.

Ultimately, research advances in frailty measurement, biology, and interventions in HIV and 

among older adults are likely to continue to evolve in tandem.
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Fig. 1. 
Potential integrative context around which to consider frailty in HIV-infected adults, adapted 

from Walston et al. [79]. The proposed pathways are based on existing evidence derived 

from the general population, HIV-specific frailty literature, and emerging evidence and 

multidisciplinary ideas about psychosocial and physiological inter-relationships among 

contributors, confounders, pathogenesis, phenotypes, and recognized outcomes or behaviors 

in frailty. HAND, HIV-associated neurocognitive disorder. MCI, mild cognitive impairment. 

IL-6, interleukin-6. TNFα, tumor necrosis factor alpha. CRP, C-reactive protein. CXCL10, 

C-X-C motif chemokine 10 or interferon gamma-induced protein. IGF-1, insulin-like growth 

factor-1, DHEA-S, dehydroepiandrosterone sulfate

Piggott et al. Page 16

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Aging and HIV
	Frailty Definition
	Frailty Measurement and Burden
	Frailty Measurement in Older Adults
	Frailty Burden in Older Adults
	Frailty Measurement and Burden in HIV
	Frailty Outcomes in HIV
	Does Increased Frailty Burden in HIV Represent Accelerated Aging?

	Frailty and HIV: Shared Disparities
	Frailty Biology
	Frailty Biology in Older Adults
	Frailty Biology in HIV

	Frailty Interventions

	Conclusion
	Future Directions

	References
	Fig. 1

