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Abstract

Background: The 2013 Pooled Cohort Equations (PCEs) have underestimated cardiovascular 

disease (CVD) events among people with HIV (PWH). We evaluate whether the addition of frailty 

improves PCE’s ability to estimate CVD risk among aging PWH.

Setting: Multicenter study

Methods: We assessed baseline frailty and 5-year atherosclerotic CVD risk using PCEs for 

participants in the AIDS Clinical Trials Group (ACTG) A5322 observational study. The primary 

outcome was incident CVD. We fit Cox proportional hazards regression models for incident CVD 

with: (a) PCEs alone and; (b) PCEs and frailty together (which included separate models for frailty 

score, frailty status, slow gait speed, and weak grip strength). We evaluated discrimination ability 

for the models with and without frailty by comparing their areas under the curve (AUC) and Uno’s 

C-statistics, as well as by calculating the net reclassification improvement (NRI) and integrated 

discrimination improvement (IDI).

Results: The analysis included 944 A5322 participants (759 men, 185 women, median age 50 

years, 47% white non-Hispanic). Thirty-nine experienced incident CVD during the study period. 

PCEs predicted 5-year CVD risk in all models. With frailty score, frailty status, slow gait speed, or 

weak grip strength added, the AUC and C-statistics were relatively unchanged, and the NRI and 

IDI indicated little improvement in model discrimination. However, frailty score independently 

predicted CVD risk (frailty score: hazard ratio [HR]=1.30, 95% CI=1.00–1.70, p=0.05).

Conclusions: Frailty did not improve the predictive ability of PCEs. Baseline PCEs and frailty 

score independently predicted CVD. Incorporation of frailty assessment into clinical practice may 

provide corroborative and independent CVD risk estimation.
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Introduction

Compared to the general population, persons with HIV (PWH) have elevated incidence and 

prevalence of cardiovascular disease (CVD) which also occurs at younger ages (1–4). A 

reliable CVD risk estimation tool is therefore necessary for PWH to achieve accurate risk 

stratification, particularly since they have higher burden of disease. The 2013 American 

College of Cardiology/American Heart Association (ACC/AHA) Pooled Cohort Equations 

(PCEs) consistently underestimates CVD risk when applied to PWH (5–11). Reasons for 

underperformance of the PCEs among PWH are unclear. Unique physiologic effects of HIV 

(such as chronic inflammation, immune dysregulation, and vascular endothelial 

dysfunction), demographic characteristics of PWH that include competing risks for CVD 

(such as increased prevalence of smoking), and a history of exposure to certain antiretroviral 

therapy (ART) medications may predispose to CVD (12–16).

Frailty, a syndrome of aging marked by physiologic dysregulation and functional decline, is 

associated with multiple adverse health consequences, such as neurocognitive impairment, 

falls, and disability, and excess burden of mortality and morbidity among PWH (17–20). In a 

recent analysis of participants in the AIDS Clinical Trials Group (ACTG) A5322 cohort, 

frailty was significantly associated with incident CVD (21). Furthermore, systemic levels of 

markers of inflammation and immune dysregulation have been associated with both frailty 

and CVD development among PWH, suggesting a shared antecedent (22–26). However, 

identifying whether consideration of frailty could improve upon CVD risk prediction models 

in older adults with HIV is unknown. The current lack of a validated CVD predictive tool for 

PWH and the recently observed association between frailty and CVD in our cohort warrant 

further investigation regarding whether the magnitude and components of frailty predict 

CVD outcomes in this population. In this analysis, we evaluated whether the consideration 

of frailty modifies PCEs’ ability to estimate CVD risk among aging PWH in A5322.

Methods

Study population:

ACTG A5322 (HAILO: The HIV Infection, Aging, Immune Function Long-Term 

Observational Study) is an ongoing, observational study of 1035 older PWH (age ≥40 years 

at enrollment) that longitudinally evaluates associations between ART use, aging and 

inflammation with incidence of non-AIDS clinical events, mortality and functional status. 

All HAILO participants initiated ART through an ACTG randomized clinical trial and were 

subsequently followed in the observational study ACTG A5001, which enrolled participants 

between 2000 and 2007 (27). Between November 2013 and July 2014, a subset of A5001 

participants ≥ 40 years old were enrolled in HAILO for continued long-term follow-up.
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We included 944 participants with baseline frailty assessments, no known history of CVD, 

and sufficient available data to calculate baseline PCEs. Study visits for HAILO participants 

in this analysis occurred semiannually during the study period (changed to annual visits in 

November 2019) and include medication review, chart abstractions, and falls interview. 

Frailty assessments, body measurements, and blood collection are performed annually. The 

respective institutional review boards at each study site approved the study, and written 

informed consent was obtained from each participant.

Baseline assessment:

We assessed frailty among all participants using the Fried frailty phenotype (28). As 

previously described, the phenotype includes the five components of weak grip, slow gait 

speed on a 4-meter walk, and self-reported weight loss, exhaustion, and limitations in ability 

to undertake vigorous physical activity (29). We evaluated frailty at baseline (time of 

HAILO entry visit) and categorized participants as frail if they met 3–5 criteria, pre-frail if 

they met 1–2 criteria, or non-frail if they did not meet any criteria. In addition to frailty 

status, we evaluated frailty score (from 0–5), as well as the individual frailty components of 

slow gait speed and weak grip strength.

We calculated 5-year atherosclerotic cardiovascular disease (ASCVD) risk at baseline for all 

participants using the 2013 American College of Cardiology/American Heart Association 

(ACC/AHA) PCEs. As previously described, PCEs estimate risk of myocardial infarction or 

equivalent using age, sex, race (White, Black, or other), systolic blood pressure, total and 

HDL cholesterol concentrations, history of diabetes (hemoglobin A1c ≥6.5% or a medical 

diagnosis of diabetes), current smoking status, and hypertension treatment status (30).

Clinical CVD outcomes:

We included clinical CVD events that occurred after the baseline frailty and ASCVD risk 

assessment. Clinical CVD outcomes were defined as acute coronary syndrome, 

cerebrovascular accident, peripheral arterial disease, unstable angina, and/or need for 

revascularization procedure. We excluded persons with prevalent CVD (any history of a 

diagnosis prior to baseline).

Demographic, behavioral and clinical factors of the study population:

We summarized several additional factors for the cohort overall and by incident CVD status. 

Race/ethnicity was categorized as black non-Hispanic, white non-Hispanic, Hispanic/other, 

age as 40–49, 50–59, and ≥60 years, sex as male or female. Self-reported smoking was 

categorized as “never smoker”, “former smoker”, or “current smoker”. Body mass index 

(BMI) was categorized as underweight (BMI: <18.5 kg/m2), normal (BMI: 18.5 – <25 kg/

m2), overweight (BMI: 25–30 kg/m2), and obese (BMI: >30 kg/m2). HIV-related factors 

included CD4 T-lymphocyte cell count/mm3 (CD4) at time of ART initiation and at baseline, 

plasma HIV-RNA level at time of ART initiation and baseline, and proportion of time with 

HIV RNA level <200 copies/mL between ART initiation and HAILO study entry.
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Statistical Analysis:

Basic summary statistics for PCEs and frailty components and other demographic and 

clinical characteristics at HAILO baseline were calculated by incident CVD status. Because 

the mean follow-up duration of participants at the time of the analysis was 5 years, PCEs 5-

year risk scores were used in this analysis, and follow-up time was censored at year 5. 

Follow-up was defined as time from baseline to date of the most recent visit, last clinic date 

for off-study participants or date of clinical CVD outcome, whichever occurred first (with 

the restriction specified above). We calculated the predicted CVD risk at 5 years using the 

baseline survival function at 5 years (S0[t=5]) in the PCE model (31).

To estimate the predictive ability of PCEs risk score with and without the incorporation of 

frailty, we first fit a univariate Cox proportional hazards regression model for incident CVD 

with PCEs risk score (Model 0). Then both PCEs risk score and frailty score at baseline 

were included in a separate Cox regression model (Model 1). Similarly, PCEs risk score and 

frailty status (Model 2), PCEs risk score and slow gait speed (Model 3), and PCEs risk score 

and weak grip strength (Model 4) (all at baseline) were included in separate Cox regression 

models. The integrated area under receiver operating characteristic curve (AUC) (the 

average of all available AUC statistics over time) and the Uno’s C-statistic from these 

models with and without frailty variables (frailty score, frailty status, slow gait speed, and 

weak grip strength) were compared to assess the difference in ability of the models to 

discriminate between persons with and without cardiovascular disease. We also calculated 

the continuous net reclassification improvement (NRI), category-based NRI (with CVD risk 

categories <5%, 5–20%, and >20%), and the integrated discrimination improvement (IDI) as 

additional measures of the incremental value of adding frailty to the PCEs-only model. The 

bootstrap method was used to calculate 95% confidence intervals for the NRI and IDI.

Results:

Among 759 men and 185 women, 47% were white non-Hispanic and 46% between 40–49 

years of age. Information on gender was not explicitly available. The majority (94%) were 

virally suppressed (HIV RNA <200 copies/mL) at baseline with a median baseline CD4 of 

618 cells/μL. Participant demographic and clinical characteristics are shown in Table 1. At 

baseline, 57 participants (6%) were frail. Thirty-nine participants experienced a clinical 

CVD outcome (as defined in Methods); median (Q1, Q3) time from enrollment to CVD 

outcome was 25.1 (11.9, 48.8) months. Among persons experiencing a CVD event, 4 (10%) 

were frail at baseline and 15% at the visit closest to the CVD event.

In the model including PCEs and the continuous variable of frailty score (Model 1), both 

variables separately predicted CVD (PCEs: hazard ratio [HR]=1.13, 95% confidence interval 

[CI]=1.09–1.17, p=<0.001; frailty score: HR per unit increase=1.30, 95% CI=1.00–1.70, 

p=0.05). In the model including PCEs and the categorical variable of frailty status (Model 

2), PCEs predicted CVD (HR=1.13, 95% CI=1.09–1.18, p=<0.001), while being frail (vs 

non-frail) did not (HR=2.11; 95% CI=0.71–6.29, p=0.20). In the models including PCEs and 

the continuous variables of slow gait speed or weak grip (Models 3 and 4), PCEs also 

predicted CVD but the frailty measures did not.

Kelly et al. Page 4

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In the Cox proportional hazards regression model for incident CVD with baseline PCEs, the 

integrated AUC and C-statistic were 0.777 and 0.719, respectively, indicating a moderate 

level of discrimination between participants with and without events. These indices are for 

all models presented in Table 2. In all instances, the AUC and C-statistics were relatively 

unchanged, indicating that model discrimination did not improve with addition of the frailty 

measures. The C-statistics, NRI, and IDI between all models are presented in Table 3. The 

continuous NRI for the addition of frailty score was 0.273 (95% CI=−0.042, 0.586) and for 

the addition of frailty status it was also 0.273 (95% CI=−0.042, 0.586), suggesting a modest 

but not significant improvement in discrimination, while the categorical NRI did not suggest 

any improvement in discrimination. The IDI with the addition of frailty score was 0.0088 

(95% CI=0.0018, 0.0183) and with the addition of frailty status was 0.0082 (95% 

CI=0.0021, 0.0154), suggesting a very small improvement in discrimination ability. The 

continuous and category-based NDI did not indicate any improvement in discrimination with 

the addition of slow gait, while the IDI suggested a small improvement with the addition of 

slow gait vs the PCEs-only model (0.009 [0.0024, 0.0179]). The IDI and NRI suggested a 

small improvement in discrimination with the addition of weak grip. The differences in the 

model C-statistics also indicate no improvement in discrimination with the addition of the 

frailty measures.

Discussion:

In this large, well-characterized, prospectively-followed cohort of virally suppressed PWH 

with age ≥40 years, we observed that frailty score independently predicted CVD events. 

Nonetheless, the various discrimination measures indicate that the addition of frailty did not 

improve the ability of the 2013 American College of Cardiology/American Heart 

Association PCEs to predict CVD events. Prior attempts to modify existing CVD risk 

estimation tools that were developed in the general population to optimize risk prediction for 

PWH have not led to substantial improvements in the models’ discrimination (10, 32). 

Feinstein et al. previously incorporated HIV-specific covariates (HIV viral load, CD4 

lymphocyte count, ART exposure, and protease inhibitor use), factors known to influence 

CVD development, into PCEs; however this addition did not result in improved CVD 

prediction among PWH (32). HIV-specific covariates are widely variable among PWH and 

their individual roles as quantifiable CVD risk factors are poorly understood. Thus, it was 

not our intent to create a novel risk estimation tool for PWH, nor was it to evaluate the 

impact of adding HIV-specific parameters to existing PCEs, an undertaking previously not 

shown to be impactful on improving CVD prediction. Rather, since the assessment of frailty 

is easily accomplished in a clinical setting, and since it has also been useful for determining 

the risks for other clinical outcomes, incorporating frailty into the available measures of 

CVD risk stratification appears to be worthwhile. We know of no other studies to-date that 

have attempted such an analysis.

Frailty’s ability to predict multiple negative health consequences among PWH has been 

previously described; frailty has been observed to predict bone fracture (33), falls (18), 

multimorbidity (34), hospitalizations (35), and overall mortality (34–36). Prior to our 

analyses of this cohort, frailty had not previously been observed to predict CVD among 

PWH. Among HIV-uninfected persons, however, individual components of frailty have been 
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associated with increased CVD risk; low energy, exhaustion, and slow gait speed conferred 

the highest risk among the different frailty components, with overall highest risk of CVD 

occurring with higher cumulative frailty score, which is consistent with our observations 

(37). In a cohort of older HIV-uninfected persons (age ≥65 years), frailty was shown to 

enhance the 12-month mortality predictive ability of the Global Registry of Acute Coronary 

Events (GRACE) model (38). Among HIV-uninfected persons with CVD, frailty was 

predictive of cerebrovascular accident (39), and slow gait speed associated with increased 

cardiovascular mortality (40). However, while well-validated CVD risk models developed in 

the general population exist and are widely utilized for CVD risk stratification, these same 

tools do not accurately estimate CVD risk and often perform inconsistently across different 

sexes and healthcare settings among PWH (10, 11). To date, only one CVD risk equation 

(from The Data Collection on Adverse Effects on Anti-HIV Drugs [D:A:D] Cohort) 

incorporates an HIV-specific variable (ART exposure), yet it too underestimates CVD risk 

among PWH (5, 41, 42). Other currently used disease risk prediction tools have not yet been 

adapted to include HIV-specific variables nor validated among PWH. Therefore, the clinical 

use of an adjunctive CVD predictor, such as frailty, is particularly relevant to PWH.

While traditional risk factors clearly play a role in the development in CVD among PWH, 

higher levels of chronic systemic inflammation and immune activation that are prevalent 

among PWH compared to the general population have been associated with CVD risk as 

well (13, 43, 44), and perhaps account for “missing” CVD risk factors more common among 

PWH that are not included in current risk prediction tools (10). As suggested by Triant et al., 

improving the discrimination of CVD risk prediction among PWH should involve 

consideration of factor(s) related to HIV-associated inflammation and immune activation 

(10); frailty is one such factor. Associations between heightened levels of inflammation and 

the development of frailty in PWH have similarly been observed (22, 24). In fact, greater 

levels of specific inflammatory biomarkers have been independently associated with both 

frailty and CVD among PWH, and include interleukin-6 (IL-6), high sensitivity C-reactive 

protein (hsCRP), sCD14 and sCD163 (22, 24, 26, 44–46). Frailty may therefore represent, at 

least in part, a cumulative consequence of excess chronic systemic inflammation from HIV 

infection, years of ART exposure, and excesses in the prevalence of competing CVD risks, 

consonant with our current observations that frail PWH are particularly vulnerable to CVD, 

which is a known sequela of chronic inflammation. The multiple associations we describe 

between HIV, frailty, and CVD are depicted in Figure 1. (It should be noted that there is a 

difference between identifying an association between two clinical entities [frailty and 

CVD] and confirming causality. For example, inflammation may lead to both CVD and 

frailty but that does not mean frailty causes CVD or vice versa.) Without an accurate CVD 

risk estimator “customized” for use among PWH, use of other available risk prediction 

strategies may improve the sensitivity of CVD event risk assessment in this vulnerable 

population. We believe that clinical frailty assessment can be considered a viable adjunctive 

CVD risk prediction tool for PWH; higher baseline frailty scores predicted CVD risk in our 

cohort.

Our findings may not be generalizable to PWH who experience intermittent virologic non-

suppression or disengagement in care, as the majority of HAILO participants are durably 

virally suppressed and compliant with healthcare and research participation. The numbers of 
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frail participants at baseline (57, 6%) and CVD events observed (39, 4%) were low, and may 

not accurately reflect the magnitude of CVD risk for all frail PWH. Additionally, the mean 

follow-up of the HAILO cohort was only 5 years at the time of this analysis and we 

therefore calculated 5-year rather than 10-year CVD risk. While we did observe an 

association between frailty and CVD risk after 5 years of follow-up, frailty’s effect on the 

performance of PCEs may be evident with longer follow-up. Therefore, longer follow-up of 

our cohort is needed. Our findings should also be further evaluated in larger cohorts that 

include participants with and without HIV, and with variable prevalances of frailty and CVD 

risk factors in order to evaluate how the relationship between frailty and CVD risk may vary. 

Exercise interventions targeting reversible components of frailty and thereby their potential 

effects on mitigating CVD risk should also be explored. Performance of alternative measures 

of physical function (such as the 400-meter walk) may provide additional information 

regarding CVD risk as well.

In summary, we found that PCEs and baseline frailty score are independent risk factors for 

CVD events. While the addition of frailty did not substantially modify the performance of 

PCEs in our cohort, since no CVD risk estimator has yet been validated among PWH, frailty 

may provide additional or adjunctive CVD risk estimation value for aging PWH with 

marginal or indeterminate CVD risk based on PCEs. Our observations support the 

incorporation of annual frailty assessment into the routine care of older PWH, enhancing 

CVD risk stratification.
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Figure 1: 
Associations between HIV, frailty, and cardiovascular disease risk
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Table 1:

Baseline demographic and clinical characteristics

Total (N = 944)
a Persons with incident 

CVD (N=39)
Persons without 
incident CVD 

(N=905)

P-value

Age, years, Median (Q1, Q3) 50 (46, 56) 55 (50, 58) 50 (45, 55) <0.001

Male sex, % 80 90 80 0.1

Race/Ethnicity, % 0.8

 White, non-Hispanic 47 41 47

 Black, non-Hispanic 30 31 30

 Hispanic, other 23 28 23

BMI, kg/m2, Median (Q1, Q3) 27.2 (24.1, 30.9) 28.0 (25.3, 32.0) 27.2 (24.1, 30.9) 0.4

Smoking status, % 0.4

 Never 42 36 42

 Former 33 31 33

 Current 25 33 24

Fasting cholesterol, Median (Q1, Q3)

 Total cholesterol, mg/dL 185 (162, 210) 197 (172, 235) 184 (162, 209) 0.03

 HDL, mg/dL 46 (39, 57) 42 (38, 50) 46 (39, 57) 0.05

 LDL, mg/dL 107 (87, 128) 118 (90, 138) 106 (87, 127) 0.09

Diabetes, % 10 23 9 0.005

Hypertension
b
, %

33 44 33 0.2

5-year ASCVD risk, %, Median (Q1, Q3) 2.003 (1.034, 3.916) 4.626 (2.084, 9.690) 1.930 (1.021, 3.653) <0.001

Frailty score
c
, Median (Q1, Q3)

0 (0, 1) 1 (0, 1) 0 (0, 1) 0.07

Frailty status, N (%) 0.2

 Frail
d 57 (6) 4 (10) 53 (6)

 Pre-frail
e 350 (37) 18 (46) 332 (37)

 Non-frail 537 (57) 17 (44) 520 (57)

Nadir CD4, cells/μL, Median (Q1, Q3) 194 (63, 304) 72 (26, 205) 198 (67, 305) 0.004

Baseline CD4, cells/μL, Median (Q1, Q3) 618 (450, 828) 494 (372, 831) 620 (454, 828) 0.1

ART duration, years, Median (Q1, Q3) 7.7 (4.4, 11.9) 10.7 (6.8, 14.3) 7.7 (4.3, 11.9) 0.01

Pre-ART HIV RNA, copies/mL, Median (Q1, 
Q3)

55,597 (19,918, 
179,031)

95,567 (33,050, 
312,275)

54,517 (19,646, 
173,093)

0.05

HIV RNA suppressed to <200 copies/mL ≥75% 
of the time pre-enrollment, N (%)

745 (79%) 31 (79%) 714 (79%) 0.9

Baseline HIV RNA <200 copies/mL, N (%) 892 (94) 34 (87) 858 (94) 0.06

History of clinical AIDS, N (%) 200 (21%) 10 (26%) 190 (21%) 0.5

a
36 participants were not included in 5-year ASCVD risk and frailty assessments due to lack of data; from N=999, an additional 55 participants not 

included due to prior CVD events

b
defined by use of antihypertensive medication at baseline

c
frailty score determined by the 5 components of the Fried frailty phenotype: weak grip, slow gait speed on a 4-meter walk, and self-reported 

weight loss, exhaustion, and limitations in ability to undertake vigorous physical activity
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d
frailty status defined by ≥3 components of the Fried frailty phenotype

e
pre-frailty status defined as 1–2 components of the Fried frailty phenotype

BMI=body mass index; HDL=high density lipoprotein; LDL=low-density lipoprotein; ART=antiretroviral therapy; ASCVD=atherosclerotic 
cardiovascular disease; ART=antiretroviral therapy; HIV=Human Immunodeficiency Virus; RNA=ribonucleic acid; AIDS=Acquired Immune 
Deficiency Syndrome
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