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Abstract

Polypharmacy is associated with frailty in the general population, but little is known about 

polypharmacy among virally suppressed persons living with HIV (PLWH) who receive 

antiretroviral (ARV) therapy. We aimed to determine the association between polypharmacy and 

an adapted frailty-related phenotype (aFRP) in PLWH and uninfected veterans by conducting 

a cross-sectional study from October 2008 - September 2009 of 1762 PLWH on ARV with 

suppressed HIV viral load and 2679 uninfected participants in the Veterans Aging Cohort 

Study who completed a survey. The primary predictor was number of chronic outpatient non­

ARV medications (received for 90 consecutive days allowing for a 30-day gap between refills) 

using electronic pharmacy fill/refill data. The outcome was self-reported endorsement of any 

of the four aFRP domains: shrinking, exhaustion, slowness, or low physical activity. Based on 

prior established methods, frailty was defined as reporting 3–4 domains while pre-frailty was 

1–2 domains. Frailty was uncommon (2% of PLWH, 3% of uninfected); a larger proportion 

demonstrated any aFRP domain (31% PLWH, 41% uninfected). Among PLWH and uninfected 

participants, the median number of chronic non-ARV medications was 6 and 16 respectively for 

those with any aFRP domain and 4 and 10 for those without aFRP domains. In adjusted analyses, 

each additional chronic non-ARV medication conferred an 11% increased odds of having any 

aFRP domain in PLWH and a 4% increased odds in those who were uninfected (odds ratio (OR) 

[95% CI] = 1.11 [1.08, 1.14]); uninfected (OR [95% CI] = 1.04 [1.03, 1.04])]. The interaction 

between HIV and medication count was significant, p<0.001. While domains of aFRP were 

commonly reported, few had more than one. Chronic non-ARV medication count was strongly 
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associated with endorsing aFRP domains. The stronger association between polypharmacy and 

frailty in PLWH warrants further study and potential deprescribing of medications.
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INTRODUCTION

Effective antiretroviral (ARV) treatment has dramatically extended the life expectancy for 

persons living with HIV (PLWH) and committed them to lifelong treatment with at least 

three medications ((OARAC), 2018). PLWH have higher rates of many diseases associated 

with aging than uninfected individuals and guidelines recommend equally aggressive 

treatment for these conditions (Abrass, 2012). Therefore, polypharmacy (use of 5 or more 

concurrent medications) is now common among those aging with HIV (Edelman et al., 

2013; Ware et al., 2018). While polypharmacy is closely associated with frailty in the 

general population (Gnjidic et al., 2012), ARV treatment is clearly life-preserving and little 

is known about the implications of non-ARV polypharmacy among PLWH. One study did 

find that non-ARV polypharmacy was associated with an increased risk of falls in PLWH 

who had substance dependence, while another found a higher prevalence of frailty in PLWH 

from Uganda who had polypharmacy(Kim et al., 2018; Ssonko et al., 2018).

Frailty is an increased vulnerability to and reduced ability to recover from stressors due to 

a depletion of physiologic reserve (Bortz, 2002). Different approaches to measure frailty 

are still being explored. Rockwood describes a physiologically-based approach to frailty: 

a cumulative deficit model that is a sum of symptoms, signs, laboratory abnormalities, 

diseases, and disabilities (Clegg, Young, Iliffe, Rikkert, & Rockwood, 2013; K. Rockwood, 

2005; Kenneth Rockwood & Mitnitski, 2011). The more deficits a patient accumulates, 

the higher risk he or she has for adverse outcomes. Another approach by Fried that was 

validated in the Cardiovascular Health Study(Fried et al., 2001) is based on a clinical 

syndrome, where frailty is based on the presence of at least 3 of 5 phenotypic domains: 

physical shrinking, exhaustion, slowness, low physical activity, and weakness (Fried et 

al., 2001; Walston et al., 2006). Önen developed a version of the Fried frailty phenotype 

that modified the definitions of unintentional weight loss and low physical activity (Onen 

et al., 2009). Unintentional weight loss included Fried’s definition of a greater than 10 

pound weight loss in the past year, but also added an alternative definition of losing greater 

than 5% of the previous year’s body weight (Onen et al., 2009). Low physical activity 

was determined by having participants self-report their ability to participate in vigorous 

activities, different from Fried’s defining it by the number of kilocalories burned per week 

(Onen et al., 2009).

Utilizing the Önen frailty phenotype, researchers found that HIV infection was 

independently associated with prefrailty and frailty in PLWH ≥45 years compared to 

participants without HIV. The Multicenter AIDS Cohort Study (MACS) amended the Fried 

frailty approach for HIV-infected participants using survey data (Akgun et al., 2014). This 
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measure is called the frailty related phenotype (FRP) because it captured the first four 

domains of the Fried frailty phenotype, as the pre-existing survey did not include questions 

measuring weakness (Akgun et al., 2014). Using the FRP, frailty was defined as present 

for participants who endorsed at least 3 domains and pre-frailty for 1 to 2 domains (Akgun 

et al., 2014). Using similar survey items and frailty domains as utilized by the MACS, 

researchers showed that an adapted frailty-related phenotype (aFRP) was associated with 

hospitalization and mortality in PLWH and uninfected participants in the Veterans Aging 

Cohort Study (VACS) (Akgun et al., 2014). The VACS Index 2.0 includes objective lab 

measurements to predict mortality and has also found to be predictive of frailty outcomes, 

a potentially useful tool to assess physiologic frailty in patients to indicate whether they 

need a comprehensive geriatric assessment. Furthermore, the association of polypharmacy 

with the VACS Index has been previously reported (Amy C. Justice et al., 2018). As frailty 

is associated with adverse outcomes, it is important to understand the role of potentially 

modifiable factors that contribute to aFRP.

Thus, the aim of our current study is to assess the association between polypharmacy, as 

measured by chronic non-ARV medication count, and frailty, based on the aFRP, among 

PLWH and uninfected VACS participants. Understanding whether and how polypharmacy is 

associated with frailty among PLWH and uninfected participants can better inform clinical 

decision-making towards deprescribing potentially inappropriate medications (PIMs) for 

individuals aging with HIV.

METHODS

Sample

We used data from the VACS, a multi-site prospective study of PLWH participants and age, 

race/ethnicity, and site-matched uninfected participants receiving care through the Veterans 

Health Administration system (VA). The VACS includes VA electronic medical record and 

survey data. We conducted a cross-sectional analysis of 1762 PLWH receiving ARV and 

2679 uninfected veterans for Fiscal Year (FY) 2009 (October 2008 through September 

2009). PLWH participants were considered to be receiving ARV therapy if they received at 

least three antiretroviral agents, excluding low dose ritonavir used to boost levels of other 

protease inhibitors (Gandhi et al., 2013).

Inclusion criteria were participants receiving any non-antiretroviral (non-ARV) prescriptions 

twelve months prior to FY2009, to ensure participants were receiving their medications 

through the VA. Their last follow-up date had to occur after FY2009 to ensure they were 

continuing to receive care and had not died. To study participants adherent to long-term 

ARV, we restricted to those with suppressed HIV-1 RNA, defined as ≤ 400 copies/mL within 

6 months of the start of FY2009. We excluded participants with a cancer diagnosis (except 

for non-melanoma skin cancer). Uninfected participants who had a recorded CD4 count 

or an unsuppressed HIV-1 RNA or ARV receipt were likely either misclassified or new 

seroconverts, and were excluded for having an ambiguous HIV status. The VACS cohort was 

approved by the institutional review boards of the VA and the Yale University School of 

Medicine. Informed consent was obtained from all participants, who were reimbursed $20 

for their participation.
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Primary predictor

The primary predictor variable, chronic non-ARV medication count, was determined 

using VA electronic pharmacy fill/refill data. Medications were considered chronic when 

prescribed for at least 90 consecutive days, allowing gaps up to 30 days between refills. 

We determined receipt of all outpatient preparations (i.e. oral, inhaled, injectable, etc.) of 

medications dispensed through the VA using data available through the Pharmacy Benefits 

Management program (Fultz et al., 2006). Prescriptions that were excluded were diagnostic 

supplies (i.e. glucose test strips), emollients, eyewashes, lubricants, soaps, shampoos, soap­

free cleaners, mouthwashes, sun protectants and screens, irrigation solutions, ceruminolytics, 

deodorants, antiperspirants, and contact lens solutions. Medications were categorized 

according to VA class (Development, February 2006 (revised)). We determined the median 

number of chronic non-ARV medications received for each participant during the one-year 

time period in FY2009. Individual medications that were included in co-formulated products 

were counted separately.

Outcome

The outcome variable was endorsement of any aFRP domain based on participants’ 

answers to a survey completed at VACS enrollment. The domains were physical shrinking, 

exhaustion, slowness, and low physical activity (Textbox). If the participant had ≥3 domains 

they were classified as frail, and if they endorsed 1 to 2 domains they were classified as 

pre-frail. Participants without any of the elements were classified as not frail. Even though 

the survey was created prior to the study of the FRP in MACS, VACS aFRP survey items 

closely matched those of the MACS, except for the item used to define exhaustion. Because 

frailty was uncommon (3% of the participants) using these definitions, we broadened the 

definition of the study outcome to endorsing “any aFRP domain”. Participants had any aFRP 

domain if they reported having one or more domain.

Covariates:

We included socio-demographic variables (gender, race/ethnicity) based on self-report 

through survey. Comorbidities were included using International Classification of Diseases, 

9th Revision, Clinical Modification (ICD-9) diagnosis codes or clinical data when available 

(see Supplementary Table 1). A comorbid condition was identified based on at least one 

inpatient or two outpatient ICD-9 codes for the condition, modeled off of previously 

described methods(Goulet et al., 2007). We also determined hospitalization using VA 

inpatient files and mortality using the VA Vital Status File captured from the end of FY09 

(September 30, 2009 through June 30, 2014).

Analyses

Descriptive analyses were performed comparing PLWH to uninfected participants stratified 

by endorsing any aFRP domain. We evaluated significant differences using the Chi-square 

test for the categorical variables, t-test for normally distributed, and Wilcoxon-signed rank 

test for non-normally distributed continuous variables. Multivariable regression models were 

created to determine associations between chronic non-ARV medication count and having 

any aFRP domain versus being not frail. We also determined associations between chronic 
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non-ARV medication count and each of the aFRP domains. Unadjusted and adjusted odds 

ratios were calculated, stratified by HIV status. Variables that were statistically significant in 

bivariate analyses and that were not collinear based on Pearson correlation and the Variance 

Inflation Factor or were clinically relevant were evaluated. Those that remained significant 

after adjustment were retained in the final parsimonious model. Statistical significance was 

defined as p<0.05. The interaction between non-ARV medication count and HIV status was 

calculated. All statistical tests were performed using SAS 9.2 (SAS Institute, Cary, North 

Carolina, USA).

RESULTS

Participant Characteristics

Our analytic sample (1762 PLWH, 2679 uninfected) was predominantly male (94%), 

racially/ethnically diverse (64% black, 10% Hispanic), and 96% had at least one comorbid 

condition (Table 1). 37% of the sample reported at least one aFRP domain (31% of PLWH, 

41% of uninfected). Among those with any frailty domain, when compared to uninfected, 

PLWH participants were more likely to have Hepatitis C (55% vs. 31%) liver disease (56% 

vs. 32%), liver fibrosis with a fibrosis FIB-4 score of >3.25 (9% vs. 2%), to be hospitalized 

(25% vs. 20%), and to have died (16 vs. 4%). Very few patients had 3 or more domains of 

the aFRP (2% PLWH, 3% uninfected).

Chronic Non-Antiretroviral Medication Counts

The median chronic non-ARV medication counts for the PLWH and uninfected participants 

were 4 and 12 respectively (p<0.001). This difference remained significant when we 

stratified by aFRP domains (Table 2). Overall, the three most common chronic non­

ARV medications were antilipemics, angiotensin-converting enzyme (ACE) inhibitors and 

antidepressants, which varied by HIV status and having any aFRP domain (Table 2).

Factors associated with aFRP

In unadjusted logistic regression analyses, each additional chronic non-ARV medication 

was associated with having any aFRP domain, [(OR) [95% CI)] = 1.05 [1.04, 1.05]). In 

the adjusted model (Table 3), each additional chronic non-ARV medication conferred a 4% 

increased odds of having an aFRP domain (OR [95% CI] = 1.04 [1.03, 1.05]) in the sample 

overall. Other predictors of domains of aFRP were Hepatitis C and chronic pain-related 

diagnoses. HIV infection was not significant. Black race and male gender had an inverse 

association with having any aFRP domain.

Chronic non-ARV medication count was the single best predictor (chi-square, χ2=142), 

and chronic pain-related diagnoses the second strongest predictor (χ2=46) for having aFRP 

domains. There was a significant interaction between median chronic non-ARV medication 

count and HIV infection of p<0.001. In models stratified by HIV status, chronic non-ARV 

medication count conferred an 11% increased odds of having an aFRP domain among 

PLWH and 4% among uninfected, (OR [95% CI] = 1.11 [1.08, 1.14]) and (OR [95% 

CI] = 1.04 [1.03, 1.04]), respectively (Table 4). Hepatitis C infection and chronic pain 

remained significant for increased odds of having aFRP domains in the stratified models 
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adjusted for key covariates for both groups. Adding CD4 count to the adjusted model did not 

significantly change our findings and CD4 count had a low associated chi-square of 0.01.

DISCUSSION

In this sample of PLWH and uninfected VACS participants, over a third of participants had 

at least one aFRP domain but few had three or more aFRP domains. PLWH, regardless of 

having aFRP domains, were on fewer chronic non-ARV medications than their uninfected 

counterparts. Chronic non-ARV medication count was the single best predictor of having 

aFRP domains among both PLWH and uninfected participants, with a stronger association 

seen in PLWH.

In our study, frailty was uncommon, similar to findings in the MACS (Desquilbet et al., 

2009). However in contrast to the MACS, our PLWH participants were on fewer non-ARV 

medications than those uninfected in our study (Ware et al., 2018). This may because the 

uninfected participants from the MACS were from the community, while those from the 

VACS were clinic patients. Therefore, the MACS uninfected participants were likely less ill 

and therefore on fewer chronic non-ARV medications

There are reasons to think that polypharmacy contributes to frailty. One prospective study 

found that for older people who are prescribed 10 or more drugs, there was a decline 

in cognitive function, a condition seen in older patients with frailty(Jyrkka, Enlund, 

Lavikainen, Sulkava, & Hartikainen, 2011). Another study found that polypharmacy was 

associated with incident frailty in older community-dwelling men [AOR ([95% CI] = 

2.45[1.42, 4.23])] (Gnjidic et al., 2012). And even when adjusting for comorbidities to 

account for frailer participants having more comorbidities and therefore may have been 

prescribed more medications, the association persisted. They suggested two possible reasons 

for this: one, participants who were taking more medications had more severe disease or 

two, polypharmacy may contribute to frailty (Gnjidic et al., 2012). It is likely that the 

relationship is cyclical: polypharmacy leads to a frailty related event (i.e. a fall), which leads 

to more polypharmacy (i.e. pain medications), which may then lead to more frailty events. 

Our study demonstrating that chronic pain related conditions was the second strongest 

predictor of frailty is supportive of this hypothesis. Other studies have also found increasing 

prevalence of opioid prescribing in aging PLWH and uninfected participants and that opioid 

prescription contributes to fractures, a frailty related outcome (Becker et al., 2016, 2017; 

Saunders et al., 2010). Furthermore another study of PLWH with substance dependence 

found that polypharmacy was associated with falls, another frailty related outcome (Kim et 

al., 2018).

Despite lower prevalence of frailty among PLWH in our study, their risk of frailty associated 

with polypharmacy was greater. Lower absolute risk of frailty in our study for those 

with HIV is likely due to our restricting the sample to those on ARVs with suppressed 

HIV-1 RNA. In prior work we found that PLWH participants with suppressed HIV-1 RNA 

had lower prevalence of frailty (measured by aFRP) than those with detectable HIV-1 

RNA (Akgun et al., 2014). Nevertheless, in PWLH participants, each additional non-ARV 

medication conferred an 11% increased odds of having aFRP domains and a 4% increased 
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odds in those who were uninfected. This association in PLWH participants is likely due 

to the fact that those living with HIV are more susceptible to the harms of polypharmacy 

because of decreased organ system reserve, chronic inflammation, and ongoing immune 

dysfunction (Deeks & Phillips, 2009; Edelman et al., 2013; A. C. Justice, 2010). They also 

have an increased prevalence of liver and renal disease, which can cause harmful changes 

in drug metabolism as well as cause potential drug-drug interactions with ARVs (Joshi, 

O’Grady, Dieterich, Gazzard, & Agarwal, 2011; Lucas et al., 2007).

The 10 most common chronic non-ARV medication classes among PLWH and uninfected 

in our study were similar to results found in observational studies of polypharmacy among 

older adults (Gnjidic et al., 2012; Maher, Hanlon, & Hajjar, 2014). Lower chronic non-ARV 

medication counts among PLWH compared with uninfected veterans may be explained by 

the reluctance of physicians to add medications to the regimen of PLWH (Burkholder et 

al., 2012; Freiberg et al., 2009). However, when non-chronic and ARV medications were 

included for a total medication count, the virally suppressed PLWH participants had higher 

medication counts compared to those uninfected.

There are a few limitations to this study. First, using VA electronic medical records as 

our measure for medication count likely underestimates medication count by omitting 

medications from outside pharmacies, over-the-counter, vitamins, other supplements, and 

those from inpatient hospitalizations. However, we likely have an accurate measure of 

the number of medications from the VA that participants were consuming as we defined 

medication count utilizing pharmacy fill/refill data rather than prescription data. Second, 

the sample studied was predominantly male and of relatively younger age (mean age 

56) compared to the geriatric population in which the frailty phenotype has been more 

completely characterized (typically >65 years old) (Clegg et al., 2013; Fried et al., 2001). 

Third, the VACS aFRP, similar to the MACS FRP does not account for weakness, which is 

included in the phenotype developed by Fried (Akgun et al., 2014).

In the general medical population, frailty has strong associations with adverse outcomes 

including geriatric syndromes (i.e. falls, fragility fractures, and cognitive decline), 

hospitalizations, and mortality (Walston et al., 2006). We are only beginning to understand 

its measurement and implications among those aging with HIV. Our study found that chronic 

non-antiretroviral polypharmacy is strongly associated with the adapted frailty-related 

phenotype and its domains among PLWH and uninfected veterans.

Future work is needed using longitudinal analysis to examine the temporal relationship 

between chronic non-ARV medication count and the aFRP to determine if indeed 

polypharmacy and the role of specific medication classes may be a modifiable risk factor 

for frailty in aging individuals with and without an HIV infection. This important work 

can better inform physician on deprescribing potentially inappropriate medications for 

individuals aging with HIV to protect them from the harmful effects of frailty.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Sung et al. Page 7

AIDS Care. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ACKNOWLEDGEMENTS

Funding: This work was supported by the National Institute on Alcohol Abuse and Alcoholism at the National 
Institutes of Health [Grants U24 AA020794, U01 AA020790 and U10 AA013566-completed]

References

(OARAC), D. P. o. A. G. f. A. a. A. A. W. G. o. t. O. o. A. R. A. C. (2018). Guidelines for 
the Use of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents. Retrieved from https://
aidsinfo.nih.gov/guidelines

Abrass CKA, J. S; Boyd CM; Braithwaite RS; Broudy VC; Covinsky K; Crothers KA; Harrington R; 
Drootin M; Gebo K; Goodkin K; Havlik RJ; Hazzard W; High K; Hsue P; John MD; Justice A; 
Karpiak S; McCormick WC; McNicholl IR; Newman A; Simone MJ; South K; Spach D; Valcour 
V (2012). Recommended Treatment Strategies for Clinicians Managing Older Patients with HIV. 
Retrieved from

Akgun KM, Tate JP, Crothers K, Crystal S, Leaf DA, Womack J, … Oursler KK (2014). An 
adapted frailty-related phenotype and the VACS Index as predictors of hospitalization and 
mortality in HIV-infected and uninfected individuals. J Acquir Immune Defic Syndr. doi:10.1097/
qai.0000000000000341

Becker WC, Gordon K, Edelman EJ, Kerns RD, Crystal S, Dziura JD, … Fiellin DA (2016). Trends in 
Any and High-Dose Opioid Analgesic Receipt Among Aging Patients With and Without HIV. AIDS 
Behav, 20(3), 679–686. doi:10.1007/s10461-015-1197-5 [PubMed: 26384973] 

Becker WC, Gordon K, Edelman EJ, Kerns RD, Crystal S, Dziura JD, … Fiellin DA (2017). Erratum 
to: Trends in Any and High-Dose Opioid Analgesic Receipt Among Aging Patients With and 
Without HIV. AIDS Behav, 21(4), 1228. doi:10.1007/s10461-017-1725-6 [PubMed: 28188459] 

Bortz WM 2nd. (2002). A conceptual framework of frailty: a review. J Gerontol A Biol Sci Med Sci, 
57(5), M283–288. [PubMed: 11983721] 

Burkholder GA, Tamhane AR, Salinas JL, Mugavero MJ, Raper JL, Westfall AO, … Willig JH (2012). 
Underutilization of aspirin for primary prevention of cardiovascular disease among HIV-infected 
patients. Clin Infect Dis, 55(11), 1550–1557. doi:10.1093/cid/cis752 [PubMed: 22942209] 

Clegg A, Young J, Iliffe S, Rikkert MO, & Rockwood K (2013). Frailty in elderly people. Lancet, 
381(9868), 752–762. doi:10.1016/s0140-6736(12)62167-9 [PubMed: 23395245] 

Deeks SG, & Phillips AN (2009). HIV infection, antiretroviral treatment, ageing, and non-AIDS 
related morbidity. BMJ, 338, a3172. doi:10.1136/bmj.a3172 [PubMed: 19171560] 

Desquilbet L, Margolick JB, Fried LP, Phair JP, Jamieson BD, Holloway M, & Jacobson LP 
(2009). Relationship between a frailty-related phenotype and progressive deterioration of the 
immune system in HIV-infected men. J Acquir Immune Defic Syndr, 50(3), 299–306. doi:10.1097/
QAI.0b013e3181945eb0 [PubMed: 19194312] 

Development, D. o. V. A. V. H. S. D. (2 2006 (revised)). National Drug File 
(NDF): Technical Manual. Retrieved from http://www.va.gov/vdl/documents/Clinical/Pharm­
National_Drug_File_(NDF)/psn_4_tm_r0206.pdf

Edelman EJ, Gordon KS, Glover J, McNicholl IR, Fiellin DA, & Justice AC (2013). The Next 
Therapeutic Challenge in HIV: Polypharmacy. Drugs Aging. doi:10.1007/s40266-013-0093-9

Freiberg MS, Leaf DA, Goulet JL, Goetz MB, Oursler KK, Gibert CL, … Justice AC (2009). The 
association between the receipt of lipid lowering therapy and HIV status among veterans who 
met NCEP/ATP III criteria for the receipt of lipid lowering medication. J Gen Intern Med, 24(3), 
334–340. doi:10.1007/s11606-008-0891-7 [PubMed: 19127386] 

Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, … McBurnie MA (2001). 
Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci, 56(3), M146–
156. [PubMed: 11253156] 

Fultz SL, Skanderson M, Mole LA, Gandhi N, Bryant K, Crystal S, & Justice AC (2006). 
Development and verification of a “virtual” cohort using the National VA Health Information 
System. Med Care, 44(8 Suppl 2), S25–30. doi:10.1097/01.mlr.0000223670.00890.74 [PubMed: 
16849965] 

Sung et al. Page 8

AIDS Care. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://aidsinfo.nih.gov/guidelines
https://aidsinfo.nih.gov/guidelines
http://www.va.gov/vdl/documents/Clinical/Pharm-National_Drug_File_(NDF)/psn_4_tm_r0206.pdf
http://www.va.gov/vdl/documents/Clinical/Pharm-National_Drug_File_(NDF)/psn_4_tm_r0206.pdf


Gandhi NR, Tate JP, Rodriguez-Barradas MC, Rimland D, Goetz MB, Gibert C, … Justice AC (2013). 
Validation of an algorithm to identify antiretroviral-naive status at time of entry into a large, 
observational cohort of HIV-infected patients. Pharmacoepidemiol Drug Saf, 22(9), 1019–1025. 
doi:10.1002/pds.3476 [PubMed: 23836591] 

Gnjidic D, Hilmer SN, Blyth FM, Naganathan V, Cumming RG, Handelsman DJ, … Le Couteur DG 
(2012). High-risk prescribing and incidence of frailty among older community-dwelling men. Clin 
Pharmacol Ther, 91(3), 521–528. doi:10.1038/clpt.2011.258 [PubMed: 22297385] 

Goulet JL, Fultz SL, Rimland D, Butt A, Gibert C, Rodriguez-Barradas M, … Justice AC (2007). 
Aging and infectious diseases: do patterns of comorbidity vary by HIV status, age, and HIV 
severity? Clin Infect Dis, 45(12), 1593–1601. doi:10.1086/523577 [PubMed: 18190322] 

Joshi D, O’Grady J, Dieterich D, Gazzard B, & Agarwal K (2011). Increasing burden of 
liver disease in patients with HIV infection. Lancet, 377(9772), 1198–1209. doi:10.1016/
s0140-6736(10)62001-6 [PubMed: 21459211] 

Justice AC (2010). HIV and aging: time for a new paradigm. Curr HIV/AIDS Rep, 7(2), 69–76. 
doi:10.1007/s11904-010-0041-9 [PubMed: 20425560] 

Justice AC, Gordon KS, Skanderson M, Edelman EJ, Akgün KM, Gibert CL, … Team VP (2018). 
Nonantiretroviral polypharmacy and adverse health outcomes among HIV-infected and uninfected 
individuals. AIDS, 32(6), 739–749. doi:10.1097/QAD.0000000000001756 [PubMed: 29543653] 

Jyrkka J, Enlund H, Lavikainen P, Sulkava R, & Hartikainen S (2011). Association of polypharmacy 
with nutritional status, functional ability and cognitive capacity over a three-year period in 
an elderly population. Pharmacoepidemiol Drug Saf, 20(5), 514–522. doi:10.1002/pds.2116 
[PubMed: 21308855] 

Kim TW, Walley AY, Ventura AS, Patts GJ, Heeren TC, Lerner GB, … Saitz R (2018). Polypharmacy 
and risk of falls and fractures for patients with HIV infection and substance dependence. AIDS 
Care, 30(2), 150–159. doi:10.1080/09540121.2017.1384532 [PubMed: 29034725] 

Lucas GM, Mehta SH, Atta MG, Kirk GD, Galai N, Vlahov D, & Moore RD (2007). End-stage 
renal disease and chronic kidney disease in a cohort of African-American HIV-infected and 
at-risk HIV-seronegative participants followed between 1988 and 2004. AIDS, 21(18), 2435–2443. 
doi:10.1097/QAD.0b013e32827038ad [PubMed: 18025880] 

Maher RL, Hanlon J, & Hajjar ER (2014). Clinical consequences of polypharmacy in elderly. Expert 
Opin Drug Saf, 13(1), 57–65. doi:10.1517/14740338.2013.827660 [PubMed: 24073682] 

Onen NF, Agbebi A, Shacham E, Stamm KE, Onen AR, & Overton ET (2009). Frailty among 
HIV-infected persons in an urban outpatient care setting. J Infect, 59(5), 346–352. doi:10.1016/
j.jinf.2009.08.008 [PubMed: 19706308] 

Rockwood K (2005). Frailty and its definition: a worthy challenge. J Am Geriatr Soc, 53(6), 1069–
1070. doi:10.1111/j.1532-5415.2005.53312.x [PubMed: 15935037] 

Rockwood K, & Mitnitski A (2011). Frailty Defined by Deficit Accumulation and Geriatric Medicine 
Defined by Frailty. Clin Geriatr Med, 27(1), 17–26. doi:10.1016/j.cger.2010.08.008 [PubMed: 
21093719] 

Saunders KW, Dunn KM, Merrill JO, Sullivan M, Weisner C, Braden JB, … Von Korff M (2010). 
Relationship of opioid use and dosage levels to fractures in older chronic pain patients. J Gen 
Intern Med, 25(4), 310–315. doi:10.1007/s11606-009-1218-z [PubMed: 20049546] 

Ssonko M, Stanaway F, Mayanja HK, Namuleme T, Cumming R, Kyalimpa JL, … Naganathan 
V (2018). Polypharmacy among HIV positive older adults on anti-retroviral therapy attending 
an urban clinic in Uganda. BMC Geriatr, 18(1), 125. doi:10.1186/s12877-018-0817-0 [PubMed: 
29843635] 

Walston J, Hadley EC, Ferrucci L, Guralnik JM, Newman AB, Studenski SA, … Fried LP (2006). 
Research agenda for frailty in older adults: toward a better understanding of physiology and 
etiology: summary from the American Geriatrics Society/National Institute on Aging Research 
Conference on Frailty in Older Adults. J Am Geriatr Soc, 54(6), 991–1001. doi:10.1111/
j.1532-5415.2006.00745.x [PubMed: 16776798] 

Ware D, Palella FJ Jr., Chew KW, Friedman MR, D’Souza G, Ho K, & Plankey M (2018). Prevalence 
and trends of polypharmacy among HIV-positive and -negative men in the Multicenter AIDS 

Sung et al. Page 9

AIDS Care. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Cohort Study from 2004 to 2016. PLoS One, 13(9), e0203890. doi:10.1371/journal.pone.0203890 
[PubMed: 30204807] 

Sung et al. Page 10

AIDS Care. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sung et al. Page 11

Textbox.

aFRP domains and associated survey items and answers

aFRP domain Survey item Answer if patient has the aFRP 
domain

Shrinking Symptoms you might have had during the past 4 weeks: Problems with weight 
loss or wasting?

I have this problem and it bothers me 
a lot.

Exhaustion Over the last two weeks, how often have you been bothered by: feeling tired or 
having little energy? Nearly every day.

Slowness These questions are about physical limitations you might have. Can you walk a 
block or more? No, I cannot do this.

Low physical 
activity

These questions are about physical limitations you might have. If you want to, 
can you run a short distance? No, I cannot do this.
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Table 1.

Descriptive statistics of participant demographic and clinical characteristics stratified by having any aFRP 

domains and HIV

Not frail, n=2794 Having any aFRP domain, n=1647

PLWH (%), 
n=1206

Uninfected (%), 
n=1588 p-value

PLWH (%), 
n=556

Uninfected (%), 
n=1091 p-value

Sex -- -- <0.05 -- -- <0.05

 Male 98 92 -- 97 90 --

Race -- -- <0.05 -- -- <0.05

 White 24 21 -- 30 25 --

 Black 67 66 -- 61 60 --

 Hispanic 9 10 -- 9 11 --

 Other 1 3 -- 1 4 --

Age, mean (SD) 55 (9) 56 (9) <0.05 56 (8) 57 (9) 0.39

Number of comorbid conditions, 
IQR 3 (2, 4) 3 (2, 5) <0.05 4 (2, 5) 4 (3, 6) <0.05

Hypertension 10 48 <0.05 15 58 <0.05

Cardiovascular disease 
a

6 10
<0.05

14 17 0.08

Hepatitis C 46 27 <0.05 55 31 <0.05

Diabetes Mellitus 22 30 <0.05 30 42 <0.05

Pulmonary disease 5 8 <0.05 11 13 0.21

Liver disease 
b

46 27
<0.05

56 32
<0.05

Gastroesophageal reflux disease 3 8 <0.05 5 11 <0.05

Alcohol related diagnoses 8 14 <0.05 13 15 0.32

Drug related diagnoses 15 19 <0.05 18 18 0.90

Major Depressive Disorder 6 7 0.69 13 13 0.81

Post-Traumatic Stress Disorder 7 12 <0.05 12 19 <0.05

Bipolar disorder 3 6 <0.05 6 6 0.75

Chronic pain-related diagnoses 
c

29 46
<0.05

43 61 <0.05

FIB-4 -- -- <0.05 -- -- <0.05

 <1.45 59 80 -- 55 80 --

 1.45 – 3.25 35 18 -- 36 18 --

 >3.25 6 3 -- 9 2 --

Hemoglobin (g/dL), IQR
13.9 (12.8, 

14.9) 14.5 (13.7, 15.3)
<0.05 13.9 (12.6, 

15.0) 14.5 (13.5, 15.4)
<0.05

Estimated glomerular filtration 
rate (mL/min), IQR 99 (85, 116) 95 (82, 111)

<0.05
99 (84, 116) 93 (80, 108)

<0.05

Hospitalized 14 14 0.78 25 20 <0.05

Died 8 1 <0.05 16 4 <0.05

Domains of adapted frailty-related 
phenotype

-- -- -- -- -- --
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Not frail, n=2794 Having any aFRP domain, n=1647

PLWH (%), 
n=1206

Uninfected (%), 
n=1588 p-value

PLWH (%), 
n=556

Uninfected (%), 
n=1091 p-value

 Shrinking -- -- -- 17 13 0.05

 Exhaustion -- -- -- 32 31 0.87

 Slowness -- -- -- 14 16 0.28

 Low physical activity -- -- -- 74 81 <0.05

adapted Frailty-Related 
Phenotype

-- -- -- -- --
0.45

 Pre-Frail -- -- -- 93 92 --

 Frail -- -- -- 7 8 --

Viral load ≤50 copies/mL 72 -- 74 -- 0.28

a
Cardiovascular disease is a composite of coronary artery disease/myocardial infarction, peripheral vascular disease, stroke

b
Liver disease is a combination of end-stage liver disease, decompensated liver disease, Hepatitis B and Hepatitis C

c
Chronic pain is composed of back, neck, temporomandibular, extremity, menstrual, rheumatoid arthritis, neuropathic and other pain
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Table 2.

Chronic non-ARV medication class descriptive statistics

Not frail, n=2794 Having any aFRP domain, n=1647

PLWH (%), 
n=1206

Uninfected (%), 
n=1588 p-value

a PLWH (%), 
n=556

Uninfected (%), 
n=1091 p-value

a

Top 10 prescribed chronic 
non-ARV medications

Antilipemics 32 38 35 45

Angiotensin-converting 
enzyme inhibitors 22 27 29 34

Antidepressants 19 23 35 35 0.93

Gastric medications 11 21 21 32

Beta-blockers 15 21 24 30

Non-opioid analgesics 16 21 24 36

Calcium channel blockers 13 23 16 29

Diuretics 15 22 18 23

Genitourinary medications 21 23 0.26 23 23 0.75

Hypoglycemics 11 17 13 24

Median chronic non-ARV 
medication count, IQR 4 (2, 7) 10 (3, 18) 6 (3, 10) 16 (8, 26)

a
p-value <0.05 comparing not frail and having any aFRP domain unless listed in table
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Table 3.

Unadjusted and adjusted logistic regression. Output: Having any aFRP domain.

Having any aFRP domain, n=4441 Unadjusted OR (95% CI) Adjusted OR (95% CI)

Median chronic non-ARV medication count 1.05 (1.04, 1.05) 1.04 (1.03, 1.05)

PLWH 0.67 (0.59, 0.76) 1.03 (0.89, 1.19)

Male 0.70 (0.54, 0.89) 0.64 (0.50, 0.83)

Black 0.79 (0.70, 0.90) 0.76 (0.67, 0.87)

Hepatitis C 1.17 (1.04, 1.33) 1.29 (1.13, 1.48)

Chronic pain related diagnosis 1.94 (1.72, 2.20) 1.57 (1.38, 1.79)
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Table 4.

Adjusted logistic regression stratified by HIV status

Having any aFRP 
domain, n=4441

PLWH, n=1762 Uninfected, n=2679

Unadjusted OR (95% 
CI)

Adjusted OR (95% 
CI)

Unadjusted OR (95% 
CI)

Adjusted OR (95% 
CI)

Median chronic non-ARV 
medication count 1.12 (1.10, 1.15) 1.11 (1.08, 1.14) 1.04 (1.03, 1.05) 1.04 (1.03, 1.04)

Male 0.86 (0.45, 1.62) 0.66 (0.35, 1.31) 0.75 (0.57, 0.98) 0.64 (0.48, 0.85)

Black 0.79 (0.64, 0.97) 0.80 (0.65, 1.00) 0.79 (0.68, 0.93) 0.75 (0.64, 0.89)

Hepatitis C 1.44 (1.18, 1.76) 1.35 (1.09, 1.67) 1.19 (1.01, 1.41) 1.22 (1.02, 1.46)

Chronic pain related 
diagnosis 1.87 (1.51, 2.30) 1.47 (1.18, 1.83) 1.84 (1.57, 2.15) 1.55 (1.32, 1.83)
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