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Introduction

Highly active antiretroviral therapy has decreased mortality from human immunodeficiency 

virus type 1 infection (HIV-1) in the United States. People with HIV-1 infection in the 

United States who are treated with antiretroviral therapy have a near-normal life expectancy, 

and the number of HIV-infected people over age 50 years has increased.1, 2 Aging with 

HIV-1 infection, however, is accompanied by premature cardiovascular disease, 

osteoporosis, cirrhosis, renal disease, and dementia.1, 3 These observations have led some 

investigators to conclude that HIV-1-infected individuals experience premature or 

accelerated aging.3

“Successful aging” includes both disease burden and the ability to maintain functional status 

and independence.4, 5 As HIV-1-infected persons age, assessment of functional status is 

needed to understand the impact of the concomitant processes of aging, HIV-1 infection, 

comorbid diseases and lifestyle on successful aging and preservation of independence.6, 7 

Prior studies assessing functional status in aging HIV-infected cohorts are limited by 

retrospective design, high proportions of participants with acquired immunodeficiency 

syndrome (AIDS) wasting syndrome, reliance on participant self-report, wide age range, or 

assessment of advanced deficits such as inability to perform basic activities of daily living. 

Few studies have compared measures of frailty and objective, performance-based 

assessments of higher functional status among persons with HIV-1 infection.8–17

Several functional assessment tools have been validated in older non-HIV-infected 

populations. As a global assessment including both subjective and objective components, 
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Fried’s Frailty Phenotype (FFP) is associated with morbidity and mortality in elderly 

persons18. The presence of an FFP-related syndrome described in cohorts of younger HIV-

infected individuals suggests a high risk for loss of functional independence or decline in 

functional status.14, 16–18 The Short Physical Performance Battery (SPPB) and the 400-m 

walk are widely used tools predictive of poor clinical outcomes, including mortality, in the 

elderly, but neither tool has been evaluated in HIV-1-infected persons.19–21

We hypothesized that 1) FFP, SPPB, and 400-m walk would have similar performance 

characteristics for assessing functional status in aging HIV-1-infected persons, 2) functional 

status tools would identify similar groups of functionally impaired people, and 3) similar 

clinical risk factors would predict low functional status on the three instruments. To evaluate 

these hypotheses, the present study compared the FFP, SPPB, and 400-m walk in patients 

receiving care for HIV-1 infection.

Methods

Study population

All individuals who received care for HIV-1 infection within twelve months prior to 

February 2010 in the Infectious Diseases Group Practice clinic at the University of Colorado 

Hospital were evaluated for potential participation. Individuals meeting the following 

criteria were eligible to participate: 1) 45 to 65 years of age; 2) able to consent and 

participate in study procedures; and 3) taking effective combination (two or more) 

antiretroviral therapy for at least six months with one undetectable plasma HIV-1 RNA (<48 

copies/mL) and no plasma HIV-1 RNA >200 copies/mL in the prior six months. Eligible 

individuals were contacted in person, by telephone, or by letter to determine interest in study 

participation. Approval was obtained from the Colorado Multiple Institutional Review 

Board, and informed consent was obtained from all participants.

All participants completed a single study visit that included a medical record review, 

standardized interview, physical activity questionnaire (2-week Minnesota Leisure Time 

Physical Activity Questionnaire [MLTPAQ]), and a physical function assessment.

Clinical Assessments

All assessments were completed by two clinicians (K.M.E. and S.D.) at the University of 

Colorado Hospital. Fried’s frailty phenotype was assessed as previously described.18 

Shrinking was defined as unintentional weight loss of ≥ 10 pounds, or decrease of 5% of 

body weight in the last year (self-reported and verified by records when available). 

Exhaustion was defined by three to four times per week of feeling “everything I do is an 

effort” or “sometimes I just cannot get going”. Low activity was defined as self-report of 

being “limited a lot” in vigorous physical activities from the Short-Form (SF)-36 ®, 

consistent with prior studies of frailty in HIV cohorts.14, 16 Weakness was assessed by the 

average of three dominant hand grip measurements using a single Lafayette dynamometer, 

applying previously defined gender and body mass index (BMI) cutoffs.18 Slowness was 

defined by 4.5-m walk time: men ≤ 173 cm and women ≤ 159 cm in height requiring ≥ 7 

seconds or men >173 cm and women >159 cm requiring ≥ 6 seconds met a criterion.18 One 
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point was given for each abnormality. Three to five points were considered low function, 

one or two points moderate function, and zero points high function.

The SPPB assessed tandem stand, walking speed, and sit-stand test time, with zero points 

indicating inability to complete a task and four points indicating performance within the 

expected range.24 Tandem stand was measured by ability to stand heel-to-toe for ten 

seconds, walking speed by the faster of two 4-m walks at usual pace, and sit-stand test time 

by five repetitions of sit-to-stand without use of the arms. A score of less than 9 is highly 

predictive for subsequent disability and was considered low function, 9–11 points moderate 

function, and 12 points (no deficits) high function.24, 25

400-m walk time was measured on a set walking course by asking the participant to walk as 

quickly as possible to complete the distance. Inability to complete the walk was classified as 

low function. To create three functional categories for comparison, high function was 

defined as completion in < 5.5 minutes, corresponding to a 3.4 miles/hr walking pace, the 

equivalent Social Security Administration criterion for disability (peak VO2 <18 mL/kg/

min).26 Moderate function was defined as ability to complete the walk but requiring ≥ 5.5 

minutes. This resulted in groups approximately the same size as the moderate and high 

function groups on the FFP and SPPB.

The Veterans Aging Cohort Study (VACS) Index was calculated using the following 

parameters, as previously described: CD4 count, viral load, age, aspartate aminotransferase, 

alanine aminotransferase, platelets, hemoglobin, hepatitis C, and estimated glomerular 

filtration rate.22, 23 Of a possible 164 points, higher values indicate greater mortality risk, 

and scores of ≤ 34 are associated with the lowest mortality.22, 23 Because all subjects in the 

current study had plasma HIV-1 RNA viral load < 500 copies/mL, the highest possible score 

was 150.

Comorbid conditions were determined from problem lists, initial clinic intake history, and 

clinic notes available in the electronic medical record. Current medications were determined 

by medical record review for prescribed medications and self-report for over-the-counter 

treatments. Medication count excluded current antiretroviral therapy. To assess the burden 

of comorbidity, a comorbid count of major diagnoses included: neurological disease (seizure 

disorder or dementia), stroke or transient ischemic attack, peripheral neuropathy, psychiatric 

disease (depression, anxiety, bipolar disorder, schizophrenia, or psychiatric disease not 

otherwise specified), arthritis (osteoarthritis and/or inflammatory arthritis), osteopenia or 

osteoporosis (prior stress fracture or T-score <−1.0 on bone density scan), diabetes, kidney 

disease (calculated creatinine clearance <30 mL/min by Cockcroft-Gault), malignancy 

(excluding non-melanoma skin cancer), solid organ transplant, lung disease (chronic 

obstructive pulmonary disease, asthma, pulmonary hypertension, or interstitial lung disease), 

hypertension, cardiovascular disease (ischemic, valvular, peripheral vascular, or congestive 

heart failure), viral hepatitis (hepatitis B, C, or both), and chronic liver disease of other 

etiology. Current/prior alcohol use was defined as drinking > 7 drinks per week or self-

described abuse history. Self-reported income was dichotomized into low versus other, with 

less than $12,000 per year considered low. Debilitating pain was defined as responding 

“moderately”, “quite a bit”, or “extremely” to the SF-36 ® question “During the past 4 
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weeks, how much did pain interfere with your normal work (including both work outside the 

home and housework)?”. Obesity was defined as BMI ≥ 30 kg/m2; lipoatrophy was assessed 

by the question “Have you been told that you have lipoatrophy?”, a positive response was 

confirmed by clinical evidence of lipoatrophy. To understand the contribution of any 

physical activity, including both vigorous activities and activities such as gardening or 

fishing, the MLTPAQ was included, with low reported physical activity was defined as < 

500 kilocalories/week.18 Laboratory values were the most recent values available in the 

medical record. A viral load “blip” was considered an HIV RNA above the limit of detection 

but < 200 copies/mL.

Statistical Analysis

Data were collected and managed with Research Electronic Data Capture (REDCap) hosted 

at the University of Colorado.27 Demographic characteristics were summarized with mean 

and standard deviation (SD) or standard error (SE) for continuous, median and interquartile 

range for skewed continuous variables, and frequency with percentage for categorical 

outcomes. Agreement between three-category functional categorization was evaluated by 

weighted kappa statistic and Bowker’s test for symmetry.28 Relationships of demographics 

and comorbidities with function were described by odds ratios (OR) and 95% confidence 

intervals and adjusted for CD4+ lymphocyte count < 350 cells/μL, female gender, and age 

>50 years. Analyses were performed in SAS v9.2.

Results

Study population

Between February and November 2010, 542 HIV-infected patients from the Infectious 

Disease Group Practice Clinic fulfilled the inclusion criteria and were asked to participate: 

171 either did not respond to correspondence or were not interested in study participation; 2 

died prior to obtaining study consent; 369 consented to study participation and 359 

completed the study assessment. Participants were 85% male with a median age of 50.8 

years and a median CD4+ lymphocyte count of 551 cells/μL (Table 1).

Comparison of physical function instruments

On FFP, 166 (46%) were high-, 166 (46%) moderate-, and 27 (8%) low-function (Table 2). 

By SPPB, 223 (62%) were high-, 110 (31%) moderate-, and 26 (7%) low-function. By 400-

m walk, 166 (46%) were high-, 182 (51%) moderate-, and 11 (3%) low-function. In pairwise 

comparisons of the three instruments, agreement ranged from 61–64% (kappa 0.34–0.41). 

Seven subjects had extreme discordance (low on one assessment but high on the other) 

between the SPPB and FFP, two between the FFP and the 400-m walk, and none between 

the SPPB and the 400-m walk. Asymmetry in the classification of discordant subjects was 

detected for comparison of the FFP to SPPB (p<0.001), FFP to 400-m walk (p=0.03), and 

SPPB to 400-m walk (p=0.001, Table 2).

Association of demographic and clinical features with functional status

Across all three instruments, lower reported physical activity (OR>5.5; p≤0.005), no current 

employment (OR>4.2; p<0.02), arthritis (OR>6.5; p<0.02), neurologic disease (OR>2.6; 
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p<0.05), debilitating pain (OR>5.4; p<0.008), psychiatric disease (OR>3.1; p<0.03), four or 

more comorbidities (OR>3.6; p≤0.005), and five or more non-antiretroviral therapy 

medications (OR>3.5; p≤0.01) were associated with lower function after adjusting for age, 

gender, and CD4+ lymphocytes (Figure 1a and b). Compared to the high functioning group, 

low function persons by FFP had 1.8 (SE 0.3) more comorbid conditions and 2.7 (SE 0.6) 

more medications (p<0.001); low function persons by SPPB had 1.9 (SE 0.3) more 

comorbid conditions and 2.5 (SE 0.6) more medications (p<0.001); and low function 

persons by 400-m walk had 2.5 (SE 0.5) more comorbid conditions and 3.1 (SE 0.8) more 

medications (p ≤ 0.01).

Compared to high-functioning individuals, low-functioning individuals identified by FFP 

also had higher odds of smoking, diabetes, and hepatitis (OR>2.9; p<0.05). After adjusting 

for age, gender, and CD4+ lymphocytes, diabetes was no longer significant (p>0.05); falls, 

smoking, and psychiatric disease remained highly significant (OR>4.0; p<0.01). Low-

functioning individuals identified by SPPB had significantly higher odds of older age, 

female gender, low income, diabetes, and hepatitis (OR>2.3; p<0.05). After adjusting for 

age, gender, and CD4+ lymphocytes, income was not significant (p>0.05); only diabetes 

remained highly significant (OR>9.1; p<0.01). Low-functioning individuals identified by 

the 400-m walk had higher odds of smoking, marijuana use, older age, female gender, low 

income, cardiovascular and lung disease, diabetes, obesity, and hepatitis (OR>3.9; p<0.01). 

After adjusting, hepatitis was not significant (p>0.05); lung disease, diabetes, arthritis, and 

obesity remained highly significant (OR>7.0; p<0.01). Similar trends were observed for 

comparison of low- to moderate- and moderate- to high-functioning groups (not shown).

HIV-related characteristics were not significantly different (p>0.05) between low- and high-

functioning persons on the FFP, SPPB, or 400-m walk, with the exception that current CD4 

<200 cells/μL was more likely among low- (11%) than high- (2%) functioning persons on 

the FFP (Table 3; p=0.04). By the SPPB, low-functioning persons were less likely to be men 

reporting sex with men (p=0.02) and more likely to report blood transfusion or “other” risk 

factor of HIV transmission (p=0.04). VACS Index scores were calculated on each subject 

and ranged from zero to 78 (mean 18.2, SE 0.7). Differences in VACS Index scores between 

high- and low-functioning persons were observed for the SPPB (12.4, SE 2.8 points; 

p=0.001), FFP (8.6, SE 2.8 points; p=0.03) and 400-m walk (11.9, SE 4.2 points; p=0.08, 

Table 3).

In evaluation of individual exam components across the instruments, SPPB sit-stand score 

<4 had consistently high sensitivity and specificity for predicting low function on FFP (82% 

sensitivity, 91% specificity) and 400-m walk (86% sensitivity, 86% specificity). Sit-stand 

time was the only test on which no low-function individuals (by FFP, SPPB, or 400-m walk) 

achieved the highest level of performance. Low activity from FFP was sensitive and specific 

for predicting low-functioning groups on SPPB (80% sensitivity, 91% specificity) and 400-

m walk (80% sensitivity, 83% specificity; Table 4).
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Discussion

Although declining functional capacity in elderly persons is well described, few studies have 

investigated the effect of aging on impairments in both objective and subjective functional 

status in people with HIV-1 infection.13, 15–17, 29, 30 The FFP, SPPB and the 400-m walk 

tests are commonly used to assess frailty and disability in older persons and they correlate 

with morbidity and mortality.18, 31, 32 The comparative performance of these instruments in 

HIV-1-infected persons, who are at risk for functional impairment at younger ages, had not 

been investigated previously.1, 13, 14, 30, 33 Our study provides the first prospective 

comparison of these three instruments for assessing functional status in persons receiving 

care for HIV-1 infection.

The entry criteria for the study resulted in the recruitment of middle-aged HIV-1-infected 

persons who had evidence of successful antiretroviral therapy with suppression of plasma 

HIV-1 RNA below limits of detection. In this study population, all three instruments 

revealed high levels of impairment. Greater than 50% of participants were unable to 

maintain a walking speed faster than 3.4 miles per hour in the 400-m walk test, thereby 

meeting a criterion for Social Security Administration disability26, and an additional 3% of 

individuals were unable to walk a distance of 400-m at any pace. Over 7% of the study 

population met criteria for frailty. These frequencies of functional impairment are surprising 

given the relatively young age range of the cohort. Indeed, the frequency of functional 

impairment in the study population was similar to that described in other studies of non-

HIV-infected persons who were 20–30 years older than our participants.14, 34–38 Although 

the cross-sectional design of our study did not allow for examination of trends over time, the 

frequency of moderate to severe functional impairment among middle-aged HIV-1-infected 

persons is concerning, and raises questions about future resource needs and expertise to care 

for aging, functionally impaired HIV-1-infected persons.

Despite the finding that all three instruments detected similar frequencies of functional 

impairment in the study population, there was only modest agreement across instruments for 

the degree of impairment. These discordances can be explained, in part, by the 

characteristics of the assessments: the FFP is a global assessment including subjective 

components that may overlap with depressive symptoms, the SPPB focuses on lower 

extremity function, and the 400-m walk requires more endurance and incorporates the broad 

impact of multiple disease processes (Table 5).18, 19, 32, 34, 39, 40

Several aspects of this study limit generalizability to other clinical settings. First, by 

recruiting patients on suppressive antiretroviral therapy and in a defined “pre-geriatric” age 

range, we sought to limit the effect of the confounding processes of ongoing viremia and 

aging but may have selected for a cohort with better treatment adherence, less likely to be 

using illicit substances, and more engaged in medical care. Second, a number of eligible 

patients chose not to participate in our study for unknown reasons, which could have 

affected study outcomes. Persons who chose not to participate may have had greater 

impairments; conversely, time constraints from full-time employment in higher functional 

persons may have prohibited study involvement. The predominately male and Caucasian 

study population, although reflective of the underlying clinic population, may not be 

Erlandson et al. Page 6

HIV Clin Trials. Author manuscript; available in PMC 2015 March 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



reflective of functional status findings in more diverse settings. As demonstrated by the 

large confidence intervals, select comorbidities and low functional status occurred relatively 

infrequently. Variability and reliability between observers was not tested. Lastly, because 

the cross-sectional design of the study captured function only at a single time point, we were 

not able to assess temporal changes in functional status. Longitudinal studies are needed to 

define the rate of functional status change, particularly among patients who have moderately 

impaired function at relatively young ages, and to assess the potential efficacy of 

interventions to slow or reverse impairment.

Conclusion

Our study demonstrated that middle-aged persons with suppressed HIV-1 infection on 

antiretroviral therapy frequently have functional impairments similar to HIV-uninfected 

persons 20–30 years older.14, 34–37 Similar frequencies of impairment were detected by all 

three functional assessment instruments. Although each instrument was associated with 

unique demographic or clinical risk factors for impairment, across all three instruments, the 

strongest associations were seen with low physical activity, high comorbid disease and 

medication burden, psychiatric disease, arthritis, and debilitating pain. Consistent with 

geriatric syndromes, the findings emphasize that the accumulation of disease and medication 

burden account for impairments in functional capacity. Furthermore, the findings underscore 

the importance of psychological well-being in maintaining functional independence with 

aging. Although the direction of these relationships cannot be established through this cross-

sectional study, our findings suggest that regular physical activity could have important 

implications in maintenance of functional independence among persons aging with HIV-

infection through prevention of modifiable diseases, avoidance of additional medication 

burden, reduction in arthritis symptoms, and improvement in psychological well-being.
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Figure 1. 
Figure 1a. Adjusted odds of low versus high functional categorization by each assessment 

tool according to demographics

Figure 1b. Adjusted odds of low versus high functional categorization by each assessment 

tool according to comorbid diagnoses

Odds ratios with 95% confidence intervals are shown for each comparison. FFP, Fried’s 

Frailty Phenotype (circles); SPPB, Short Physical Performance Battery (squares); 400-m 

walk (triangles); ART, antiretroviral therapy.
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Table 1

Characteristics of study population.

Characteristic Value N= 359 (%)

Age Years (median [IQR])a 50.8 (47.7–55.7)

Gender Female 54 (15)

Ethnicity Hispanic or Latino 65 (18)

Race Caucasian 265 (74)

Employment Full-time employment 96 (27)

Annual income < $12,000 141 (39)

$12,000–25,000 102 (28)

$25,000–50,000 55 (15)

> $50,000 61 (17)

Education College or post-graduate 108 (30)

Living situation Live alone 139 (39)

Other 219 (61)

HIV risk factor MSMb 234 (65)

Heterosexual 92 (26)

Intravenous drug use 76 (21)

Other or unknown 19 (5)

Current illicit drug use Intravenous 1 (<1)

Cocaine 2 (<1)

Marijuana 81 (23)

Alcohol use or abuse None or <1 drink/week 213 (59)

Prior heavy use, sober now 59 (16)

1–7 drinks per week 72 (20)

>7 drinks per week 15 (4)

Tobacco use Prior smoker 130 (36)

Current smoker 123 (34)

Current CD4 T-cell count Cells/μL (median [IQR]a) 551 (361, 768)

HIV-1 viral load Detectable (≥48 copies/mL) 17 (5)

a
. Interquartile range,

b
. men who have sex with other men
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