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Objectives

• To describe the aging with HIV epidemic and previous work of 
frailty in HIV

• To describe the challenges to studying frailty in HIV+ adults

• To suggest frailty and physical function measurements among 
those with HIV

3 © 2013, Johns Hopkins University. All rights reserved.



EPIDEMIOLOGY OF 
AGING WITH HIV
Prevalence of disease = Duration * Incidence
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Life expectancy is increasing

5

56.1

73.3

49.5

65.2

77.4

51.0

74.1

89.3

48.8

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

Overall MSM IDU

Li
fe
 e
xp
ec
ta
nc
y 
(y
ea
rs
)

2000‐2002

2003‐2005

2006‐2007

Life expectancy, 
2007
US: 77.9 years

*Likely an overestimation due to a small number of deaths among those aged >60 years and a decreasing number of deaths at younger ages.
Samji, et al, for the NA-ACCORD of IeDEA. Closing the gap: Increasing life expectancy among treated HIV positive individuals in the United States 
and Canada. PLoS ONE 2013; e81355.
Arias E. United States Life Tables, 2007. National Vital Statistics Reports 2011;59:1-61.
The World Bank. Available at http://www.google.com/publicdata/explore ds=d5bncppjof8f9_&met_y=sp_dyn_le00_in&idim=country:BRA:GBR:ITA&hl=en&dl=en 

*
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Percent of PLWH ≥50yo will exceed 
50%
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Data from 2011 onward projected based on 2001-2010 trends (calculated by KN Althoff), 2001-20010 data from CDC Surveillance Reports 2005, 2008, 2011

© 2013, Johns Hopkins University. All rights reserved.
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STUDIES OF 
FRAILTY IN HIV
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Cardiovascular Health Study (12%) Women’s Health and Aging Study (11%)

Desquilbet, et al., J Gerontol A Biol Sci Med Sci, 2007. Althoff, et al., J Gerontol A Biol Sci Med Sci, 2014. Terzian, et al., J 
Women’s Health, 2009. Akung, et al., AIDS, 2014. Pathai, et al., JAIDS 2013. Escota, et al. AIDS Res Hum Retroviruses, 
2014. Onen, et al., J Infect, 2009. Shah,et al., JAGS, 2012. Rees, et al., J Vis Exp, 2013. Newman, et al., J of Geronotology, 
2001. Bandeen-Roche, et al., J of Gerontology, 2006. 



Association of frailty in HIV+ vs. HIV-
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Factors associate with frailty in HIV+
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Enrico McLane
Age: 52 
HIV: 17 years 
short‐term memory loss 
two hip replacements

Norma Martinez. 
Age: 61 

HIV: 12 years  
lipodystrophy, fatigue Joe Westmoreland

Age: 53 
HIV: 27 years 

memory loss, fatigue, 
peripheral neuropathy 

in feet and hands

From New York Magazine, Nov 2009. Brothers TD, Rockwood K. Cur Opin HIV AIDS 2014;9:412-8.



Frailty predicts mortality in HIV+ adults
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HIV+ only

HIV+ and HIV-

Piggott, et al. PLoS ONE 2013:8(1):e54910. 

Akgun, et al. AIDS 2014;67:397-404.

HIV-/Frail -

HIV+/Frail -
HIV-/Frail +

HIV+/Frail 
+



Frailty predicts hospitalizations in HIV+ 
adults
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AIDS 
hospitalization

Non‐AIDS 
infectious disease 
hospitalization

aHR (95% CI) 
comparing frail vs. 
non‐frail HIV+ 
adults

6.30 (1.20, 33.1) 2.21 (1.40, 3.50)

Piggott et al. Abstract #738, 23rd CROI, 2015.

Akgun, et al. AIDS 2014;67:397-404.



CLARIFYING THE 
CONCEPT OF FRAILTY IN 
ADULTS AGING WITH HIV
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Frailty in HIV: Clarifying the concept

• Frailty, defined as a loss of physiologic reserve and increased 
vulnerability

• Mechanisms of
frailty in the elderly
general population
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Frailty in HIV: Clarifying the concept
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Deeks, et al. Cell 2013;39:633-645.

© 2013, Johns Hopkins University. All rights reserved.

Justice AC. Curr HIV/AIDS Rep. 2010 May;7(2):69-76



Frailty in HIV: Clarifying the concept

• Frailty, defined as a loss of physiologic reserve and increased 
vulnerability

• Mechanisms of
frailty in the elderly
general population

• Does HIV modify
these mechanisms?

• Are there other 
mechanisms in HIV?

– Chronic viral 
infection(s)

– HIV treatment

16



CHALLENGES TO 
MEASUREMENT IN HIV
The case of Althoff, et al. J Gerontol A Biol Sci Med Sci. 
2014;69(2):189-198. 
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Althoff KN, et al. J Gerontol A Biol Sci Med Sci. 2014;69(2):189-198. 



So an investigator walks into my office...

…and says “Do you have any interest in helping with a project 
on frailty in the MACS?  It should take 6 weeks maximum.”

• 2 years later…

18

Althoff KN, et al. J Gerontol A Biol Sci Med Sci. 2014;69(2):189-198. 



Why Fried criteria to define frailty 
phenotype (FP)?
Pros
• A recognized tool with utility among the elderly
• Previous MACS publication used this definition

Cons
• This measure has not been validated in younger or HIV+ 

populations
• Concerns about translating the components

– Could there be social constructs or ART effects that need to be 
considered when evaluating unintentional weight loss?

– Could self report of exhaustion be influenced by recent drug use 
behaviors among people who inject drugs?

• Accumulation of deficits definition may better fit this special 
population

19



Measuring frailty in the MACS
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1984

v1 v21

1994

Visit 21
Data collection initiated using 
questionnaire
Frailty-related phenotype: ≥3 of 
the following 4: physical 
shrinking, exhaustion, slowness, 
low physical activity 
Desquillbet, et al. J Gerontol A Biol Sci Med Sci. 
2007;62A(11):1279-1286.

v48

2007 2009 2011 2013 2015

Visit 48
Dynamometer and 4m walk data 
collection initiated
Frailty phenotype: ≥3 of the 
following 4: physical shrinking, 
exhaustion, slowness, low 
physical activity, weakness 
Althoff et al. J Gerontol A Biol Sci Med Sci. 
2014;69(2):189-198.

v56



Measuring frailty in the MACS

• ≥3 of 5 FP criteria collected during semi-annual study visits
– Weakness

• present if grip strength measured using a dynamometer is <20th percentile of HIV-
uninfected men

– Slowness
• present if time to walk 15 feet is >80th percentile of HIV-uninfected men

– Unintentional weight loss
• “Since your last visit, have you had unintentional weight loss of at least 10 

pounds?” – YES 
– Exhaustion

• “During the past 4 weeks, as a result of your physical health, have you had difficulty 
performing your work or other activities (for example, it took extra effort)?” – YES

– Low physical activity
• “Does your health now limit you in vigorous activities, such as running, lifting heavy 

objects, participating in strenuous sports?” – YES, limited a lot 



Fluctuation in the expression of FP
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Number of FP+ visits

HIV-uninfected men HIV-infected men

Number of men (N=477)
HIV-uninfected:    107                 37               29                 16               13               11                4 3 
HIV-infected:       109            62                 32                24               13               9                 7 1

Althoff KN, et al. J Gerontol A Biol Sci Med Sci. 2014;69(2):189-198. 

Most studies of frailty in the 
elderly measure frailty every 

18 months (or more)



Prevalence or incidence?

• Due to the fluctuation, it did not seem as though we were truly 
capturing “incident” frailty phenotype expressions

– Almost half the participant expressed FP at only 1 study visit

• Frailty phenotype expression has been shown to fluctuate in 
studies in the elderly, but not in 80% of the population

– We were really measuring frailty as we know it in elderly populations?

• Decision: Report the following
– The proportion of study visits where the FP was expressed, by age 

and HIV status
– Correlates of conversion to the FP (FP- to FP+ at next completed visit)
– Correlates of reversion from the FP (FP+ to FP- at the next completed 

visit)
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Methods

• Outcomes (visit pairs)
– Conversion: FP- FP+
– Reversion: FP+  FP-

• Factors of interest
– Time fixed

• race/ethnicity, education, HIV status
– Time varying, measured at first visit in visit pair

• age, cigarette smoking, injection drug use, Hepatitis C infection, 
depressive symptoms, high blood pressure, diabetes, dyslipidemia, kidney 
disease, cancer (at, or within a year of study visit), CD4 count, HIV RNA, 
HAART use, history of a clinical AIDS diagnosis

• Logistic regression with repeated measures (GEE) to estimate 
odds ratios of conversion and reversion



Proportion of FP+ study visits
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Althoff KN, et al. J Gerontol A Biol Sci Med Sci. 2014;69(2):189-198. 

© 2013, Johns Hopkins University. All rights reserved.
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Number of study visits (N=10,571)
HIV-uninfected:             579              395                841           1,102          1,111             904                797     
HIV-infected:                 463              677       1,104           1,081              859        464              194



Correlates of FP+ conversion (FP- to FP+)
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Correlate HIV+ and HIV‐
aOR (95%CI)

HIV+ only
aOR (95%CI)

HIV+ (vs. HIV‐)
HIV+ no AIDS
HIV+ with AIDS

1.31 (1.05, 1.64)
2.56 (1.75, 3.75)

Ref
1.57 (1.06, 2.34)

Black (vs. White) 1.87 (1.48, 2.36) 1.31 (0.89, 1.91)

≥ College degree (vs. <) 0.56 (0.45, 0.69) 0.60 (0.43, 0.84)

Current cigarette smoking  1.81 (1.46, 2.26) 1.19 (0.86, 1.65)

Hepatitis C  3.38 (2.44, 4.68) 1.48 (0.89, 2.47)

Depressive symptoms 2.83 (2.31, 3.47) 3.17 (2.35, 4.30)

History of diabetes 2.44 (1.84, 3.23) 1.87 (1.25, 2.80)

Kidney disease 2.36 (1.85, 3.01) 1.46 (1.02, 2.08)
The model in the HIV+ and HIV- study population was adjusted for age, race/ethnicity, education, smoking, injection drug use, HIV 
and AIDS status, hepatitis C, depressive symptoms, diabetes, kidney disease, and completed number of study visits (max=8).
The model in the HIV+ only study population was adjusted for age, race/ethnicity, education, smoking, injection drug use, HIV and 
AIDS status, hepatitis C, depressive symptoms, diabetes, kidney disease, nadir CD4, current CD4, and completed number of study 
visits (max=8).

Althoff KN, et al. J Gerontol A Biol Sci Med Sci. 2014;69(2):189-198. 



Correlates of FP+ reversion (FP+ to FP-)
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Correlate HIV+ and HIV‐
aOR (95%CI)

HIV+ only
aOR (95%CI)

HIV+ (vs. HIV‐)
HIV+ no AIDS
HIV+ with AIDS

1.23 (0.81, 1.85)
0.82 (0.47, 1.46)

Ref
0.68 (0.38, 1.20)

Black (vs. White) 1.37 (0.87, 2.14) 1.76 (1.00, 3.10)

Injection drug use 4.04 (0.99, 16.45) 2.98 (0.80, 11.70)

Kidney disease 0.65 (045, 0.94) 0.66 (0.41, 1.06)
Both the models in the HIV+ and HIV- study population and HIV+ only study population was adjusted for age, race/ethnicity, injection 
drug use, HIV and AIDS status, kidney disease, and completed number of study visits (max=8).

Althoff KN, et al. J Gerontol A Biol Sci Med Sci. 2014;69(2):189-198. 
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PROPOSED MEASURES
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Grip Strength
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Terzian, et al. Journal of Women’s Health, 2009. 



Gait Speed
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Adjusted hazard ratio of HIV+ vs. HIV- = 1.57 (1.27, 1.91) 
Adjusted for age, weight, height, race, education, smoking, history of drug use, history of 
alcohol use, diabetes, kidney disease, liver disease, hypertension, arthritis, hepatitis B 

and C infections.

Schrack J, Althoff KN, et al. Submitted.

HIV-

HIV+



Balance (or perception of balance)
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Table 3.   Clinical Predictors of Falling Status in Older HIV‐infected and HIV‐uninfected 
Men

Fallers Recurrent Fallers
Multivariate OR

(95% CI) p‐value

Multivariate OR

(95% CI) p‐value
Balance Confidence
ABC ≤80% vs. >80% 1.54 (0.78,3.04) 0.209 4.03 (1.79,9.06) 0.001
ABC ≤90% vs. >90% 2.1 (1.32,3.34) 0.002 2.82 (1.50,5.31) 0.001
ABC ‐6 ≤80% vs. >80% 2.24 (1.38,3.66) 0.001 2.67 (1.38,5.16) 0.003
ABC ‐6 ≤90% vs. >90% 1.69 (1.11,2.57) 0.014 1.96 (1.06,3.61) 0.031
Balance
Completing standing balance, no vs. yes 1.26 (0.82,1.94) 0.30 0.83 (0.44,1.55) 0.56
Functional reach, per ‐1 SD (8 cm) 0.95 (0.74,1.22) 0.67 0.95 (0.67,1.35) 0.78
Strength
Time to do 10 chair stands, per +1 SD (7 s) 1.13 (0.91,1.42) 0.27 1.08 (0.78,1.49) 0.65
Grip strength, per ‐1 SD (9 kg) 0.94 (0.75,1.18) 0.62 0.95 (0.67,1.33) 0.76
Speed
Gait speed, per ‐1 SD (0.2 m/s) 1.1 (0.88,1.39) 0.40 1.26 (0.89,1.79) 0.19
Composite Physical Function
SPPB ≤9 vs. >9 1.28 (0.52,3.15) 0.59 2.03 (0.62,6.65) 0.24
SPPB ≤10 vs. >10 1 (0.53,1.89) 0.99 1.62 (0.68,3.83) 0.27

Adjusted for age, race, study visit site, education, BMI, and HIV status.

Brown TT,… Althoff KN. Abstract #786. 23rd CROI, 2015. 



VACS Index

• VACS Index to predict 5-year mortality
– Age
– HIV RNA
– CD4 
– Hepatitis C
– Hemoglobin
– FIB-4 (liver)
– eGFR (renal)

• VACS Index correlates
with functional 
performance
(Erlandson KM, et al. HIV Clin Trials 
2012;13:324-34.)

33

Rockwood K, et al. CMAJ, 2005.



Other measures

34

Oursler, KA. HIV & Aging: from Mitochondrial to Metropolis. Atlanta, GA, 2014.
Erlandson, et al. Curr HIV/AIDS Rep, 2014. 



Summary

• Frailty studies are increasing in number among HIV+ adults
– Prevalence estimates vary
– Frailty has been associated with hospitalizations and death 
– HIV+ adults seem to be at higher risk for frailty as compared to similar 

HIV- adults

• Numerous challenges to the measurement and interpretation 
of frailty in HIV+ adults

– Frailty has not been validated in a younger or HIV+ population
– The expression of the frailty phenotype fluctuates

• Recommendations for future research include measures of 
physical function and the VACS Index
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