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Aging is associated with declines in 
physical function. Peak performance is 
often seen in individuals in their 20s 
or 30s. Declines in physical function, 
including in muscle mass and strength, 
can be slow or rapid as individuals age 
and may be influenced by numerous 
factors, including activity level: physi-
cally active individuals may have slower 
physical declines than those who are 
less active. Clinicians can help patients 
maintain the highest level of function 
throughout their lifespans. Recognition 
of differences in function is key to indi-
vidualizing how medical care should be 
provided and the implications of aging-
associated physical decline for adults 
living with HIV.

Disability
Much of the model for characterizing 
the changes in physical function associ-
ated with aging stems from the classic 
disablement model, first conceptual-
ized in the 1960s, that later formed 
the basis of the World Health Organ-
ization International Classification of  
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by many factors, including HIV. These limitations may manifest as increased 
vulnerability to stressors, or frailty.  Functional limitations and frailty can 
be used to guide clinical decisions, protect people from harm, and avoid 
strategies that are not likely to provide benefits. Such limitations could also 
serve as clinically relevant endpoints for some clinical trials. Interventions 
should ideally focus on early impairments that begin to occur in midlife, well 
before an individual becomes frail or experiences disabilities. Overall, physical 
activity is safe and effective in improving physical function, and counseling 
about physical activity should be a routine component of HIV care to increase 
the lifespan and healthspan of individuals with HIV. There are some promising 
pharmaceutical options, but more research is needed to determine the safety 
and long-term efficacy. This article summarizes an International Antiviral 
Society–USA (IAS-USA) webinar presented by Kristine M. Erlandson, MD, MS, 
on July 24, 2020. This webinar is available on demand at https://www.iasusa.
org/courses/on-demand-webinar-2020-erlandson/.

Keywords: HIV, aging, disability, frailty, physical function

Perspective

Physical Function and Frailty in HIV

Functioning, Disability, and Health.1 

This model assumes that there is an 
underlying pathology leading to 1) 
physical impairment that progresses 
to a 2) functional limitation that, ulti-
mately, could lead to 3) disability (see  
Figure 1). Using this framework, im- 

pairment refers to a change in body 
function at the organ level. This im- 
pairment can be diagnosed during a 
physical examination or through imag-
ing or laboratory tests (eg, vision or 
hearing impairment, osteopenia or 
osteoporosis, or loss of muscle mass). 
Limitations refer to decreased ability 
to do something because of the under-
lying impairment, and this can be as- 
sessed through performance-based 
measures (eg, performance of a 6-min 
walk), which may be more appropriate 
in research settings, or through individ-
ual self-report of daily functions, which 
may be preferred in the clinic setting. 

The Centers for Disease Control and 
Prevention defines disability as “any 
condition of the body or mind (impair-
ment) that makes it more difficult for 
the person with the condition to do 
certain activities (activity limitation) 
and interact with the world around 
them (participation restrictions).”2 Im- 
portantly, disability is a social phe-
nomenon and is highly dependent  
on what is expected of the individual 

Impairment (body function)
Osteoarthritis

Limitation (activity)
Slow chair rise time, 

slow gait

Frailty (vulnerability)
Slow walking speed 
low activity, fatigue

Disabilities (participation)
Requires cane, ramp into 

home, and no stairs at home

Impairment:
History, exam, X-ray

Limitation:
Short Physical Performance Battery 
Timed walk

Frailty:
Fried's frailty phenotype

Disabilities:
Activities of daily living 
Independent activities of daily living

Figure 1. Impairment, limitations, frailty, and disability in an older individual with osteoarthritis. 
An individual may experience impairment in body function that is identified through history, 
exam, or imaging. These impairments in function may lead to limitations in activity that could 
be identified by self-report, or by slowed time on objective assessments such as a Short Physical 
Performance Battery. Over time, these activity impairments may result in disability if appropriate re-
sources are not available and the individual cannot participant in usual activities. These concepts 
are related to, but distinct from frailty, which is a vulnerability to stressors and can be character-
ized through Fried’s frailty phenotype or other measures.  Adapted from Erlandson et al.30
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within their culture, what the indi-
vidual expects of themselves, what 
resources are available to help them 
function in their community, and how 
their physical environment is set up  
for accessibility.

Frailty Assessments

Frailty is a separate but closely-related 
concept to disability, describing the vul-
nerability of an individual to stressors. 
When a health-related stressor, such as 
hospitalization, illness, or injury, occurs 
in individuals who are frail, they may 
not be able to “bounce back” to their 
baseline level of function, which is a  
pattern that may be repeated each 
time there is a new stressor.

One of the most common ways to 
describe frailty is with the frailty pheno-
type.3 The frailty phenotype measures 
frailty by the presence or absence of 5 
criteria: 1) slow gait or slowness, often 
measured via a 4-m walk; 2) weak grip, 
usually measured by a dynamometer; 
3) low levels of physical activity, usu-
ally self-reported; 4) fatigue, usually 
self-reported; and 5) unintentional 
weight loss. For the frailty phenotype, 
which generally takes 5 to 10 minutes 

to assess, an individual is considered 
robust if they meet none of the above 
criteria, prefrail if they meet 1 or 2 of 
the criteria, and frail if they meet 3 or 
more of the criteria. Notably, some of 
these criteria can be attributable to 
factors or conditions other than frailty, 
such as fatigue caused by depression.  
The assessment occurs prospectively 
and may not be captured in a routine 
HIV clinic visit without prior planning. 

The frailty phenotype attempts to  
define the components of the com-
plex cycle of frailty (see Figure 2).  
Initially, factors such as senescent mus- 
cle changes, disease, and underlying  
comorbidities contribute to a loss of 
muscle mass. Loss of muscle mass af- 
fects exercise endurance (measured by 
maximum oxygen uptake [VO2 max]),  
strength and power, and resting meta- 
bolic rate. Over time, decreased ex- 
ercise endurance can lead to slow 
walking speed, which can lead to lower 
levels of physical activity, resulting in 
fewer calories burned. These decreases 
in energy expenditure can also sup- 
press appetite, leading to chronic un- 
dernourishment, feedng back into loss 
of muscle mass and continuing the 
cycle. 

Decreased strength and power and 
slow walking speed are also associated 
with increased mortality and poor 
outcomes in the general population. Of 
note, although frailty is related to and 
often overlaps with comorbidity and 
disability, it is not equivalent to these. 
Frailty can exist outside of comorbidity, 
and disability can exist without frailty. 

Another way to define frailty is through  
the deficit accumulation model, also 
called the Frailty Index. This model con- 
siders variables that increase with age, 
but are not ubiquitous with age, and 
that are associated with health status. 
For example, most people will need 
corrective lens as they get older, and 
wearing eyeglasses is not associated 
with health status, so needing eye-
glasses would not be a useful variable 
for the Frailty Index.

The Frailty Index measures frailty as 
the number of contributing variables 
an individual has, divided by the tot- 
al number of variables assessed. The 
Frailty Index can be adapted for spe-
cific populations and can be measured 
retrospectively via chart review. The 
initial Frailty Index included 70 vari-
ables ranging across activities of daily 
living, physical function, mood, cog- 
nition, neurologic function, and car-
diovascular, endocrine, and respiratory  
health.4

Similar to the Frailty Index, the VACS 
(Veterans Aging Cohort Study) Index 
uses routinely assessed laboratory-
derived variables to predict mortality  
and morbidity in veterans with or with- 
out HIV. The VACS Index has been suc-
cessfully applied to many populations 
within and outside of the Department 
of Veterans Affairs, nationally and in- 
ternationally. 

The Clinical Frailty Scale (Table 1)  
is a simplified version of the Frailty 
Index.5 It employs a visual diagnosis 
of frailty using a 9-point scale, with 1 
being Very Fit” and 9 being “Termi-
nally Ill.” The Clinical Frailty Scale has 
been utilized in many clinical settings 
as it is useful for quick assessment and 
appears to perform quite well in pre-
dicting frailty. Each of the tools that 
can be used to assess frailty, including  
those discussed above, has its own ad- 
vantages and disadvantage (Table 2).

Figure 2. The cycle of the frailty phenotype. Underlying disease and senescent changes con-
tribute to a loss of muscle mass. This loss of mass may impact strength (grip) and exercise 
endurance (fatigue), resulting in slower performance (gait). Slower gait and less endurance 
may contribute to less physical activity (activity). When combined with the loss in muscle mass, 
energy expenditure decreases, and appetite declines. Decreased caloric consumption may re-
sult in weight loss, which contributes to continued loss in muscle mass, perpetuating the cycle. 
Adapted from Fried et al.3
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Assessing Physical Function 
Limitations

The Short Physical Performance Bat-
tery (SPPB) has been well validated 
in the geriatric literature, and there is 
growing evidence of its applications for 
individuals with HIV. The SPPB mea-
sures objective functional outcomes 
and requires only a chair, stopwatch, 
and enough space to complete a 4-m 
walk, which can easily be done in a 
clinic. It is a prospective assessment 
that takes approximately 5 to 10 min-
utes to complete. Of note, it does have a 
ceiling effect, meaning that categorical 
scoring is such that many participants 
have perfect scores, even in the pres-
ence of other mild impairments. 

Crane and colleagues examined the 
feasibility of the SPPB by administer-
ing it across 3 HIV clinics.6 In the study, 
2 of the clinics administered the SPPB 
before or after a routine clinic visit, 
and one clinic required participants to 
return for a separate visit to complete 

the SPPB. Staff training to administer 
the SPPB took approximately 1 hour, 
and completion of the SPPB itself took 
approximately 7 minutes. The investi-
gators concluded that it is feasible to  
implement the test without serious dis-
ruptions or injuries. 

Another prospective assessment is 
the chair rise, which can be measured 
in a variety of ways, such as the time to 
complete 5 or 10 rises, or the number 
of chair rises an individual can com-
plete in 30 seconds. This continuous 
scale produces less of a ceiling effect 
and can detect a range of values over 
a larger population; however, individu-
als with specific limitations, such as 
arthritis in the knees, may be unable to 
complete this assessment. 

Weaker grip strength is associated  
with increased mortality, and grip 
strength is a component of frailty. 
Measuring grip strength requires a dy- 
namometer, which must be regularly  
calibrated for accuracy, and individuals 
with specific limitations, such as ar- 

thritis in the hands, may have diffi-
culty completing this assessment. 

Completion of a 400-m or 6-min 
walk can be used to identify a higher 
level of physical endurance than shorter 
distances such as a 4-m walk. The 
400-m walk or 6-min walk provide a 
continuous outcome (time or distance 
covered) and can help identify more 
subtle impairments in endurance or 
coordination. However, it requires 
more time and space than other as- 
sessment tools and may not always be 
a feasible option.

Questionnaires may also be used. 
These assessments are easy to stan-
dardize, can be completed in a variety 
of locations (eg, in a waiting room, by 
mail, or by telephone), and may be 
most appropriate as a brief screening 
to identify individuals with impair-
ments. Of note, questionnaires are 
subjective and may not be as informa-
tive as an outcome for individuals in 
clinical intervention studies.

Frailty in Individuals With HIV

Many factors thought to contribute to 
the development of frailty in the gen- 
eral population are observed in peo- 
ple with HIV, including inflammation, 
changes in body composition markers, 
and neurocognitive impairment. Other 
factors that may contribute to frailty 
include socioeconomic factors, such as 
education level and health insurance, 
and modifiable risk factors, such as 
obesity, low level of physical activity, 
and smoking.

Some data have suggested that 
frailty occurs more commonly in peo-
ple with HIV. In the AGEhIV Cohort 
Study (Cross-sectional Comparison of  
the Prevalence of Age-Associated Co- 
morbidities and Their Risk Factors Be- 
tween HIV-Infected and Un-infected In- 
dividuals), frailty was more common in 
people with HIV than in those without 
across nearly every age range.7 In the 
MACS (Multicenter AIDS Cohort Study), 
which included men who have sex with 
men with and without HIV, prevalence 
of frailty was greater starting at age 50 
years, and greater among older men 
with HIV than older uninfected con-
trols.8 The prevalence of frailty in other 

Table 1. The 9-Point Clinical Frailty Scale for Visual Determination of Frailty 

Frailty Levela Description

Very fit Robust, energetic, and motivated 
Among the fittest for their age

Well No active disease symptoms 
Less fit than “very fit” individuals 
Exercise or are very active occasionally or seasonally

Managing well Medical problems are well controlled 
Not regularly active beyond routine walking

Vulnerable Not dependent on others, but symptoms limit activities 
Feel “slowed down” or tired during the day

Mildly frail More evident slowing 
Progressively need help performing some instrumental activities of daily living 
(eg, cooking, shopping, managing medications)

Moderately frail Need help with all outside activities and keeping house 
Often need help with stairs, bathing, and dressing

Severely frail Completely dependent for personal care 
Stable and not at high risk of dying (within next 6 months)

Very severely frail Completely dependent 
Approaching end of life 
Would typically not recover from even minor illness

Terminally ill Approaching end of life 
Life expectancy is less than 6 months

 aIn individuals with dementia, degree of frailty corresponds with degree of dementia: mild demen-
tia includes forgetting the details of a recent event but remembering the event itself, repeating 
the same question or story, and social withdrawal; moderate dementia includes impaired short-
term memory (past life events may be remembered) and the ability to perform personal care after 
prompting; severe dementia requires assistance to perform personal care.

Adapted from Waite et al.5
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populations with HIV varies depending 
on age, the definitions or measures of 
frailty used, and use of antiretroviral 
therapy.7,9-18 

Interventions

The most effective intervention for 
frailty is physical activity or exercise, 
which when done consistently can 
improve physical function and reverse 
frailty over time.19-25 However, ques-
tions remain about the appropriate 
level of exercise for individuals with un- 
derlying inflammation, or whose neu- 
ropathy or other pain could potentially 
be exacerbated.

In a study of 69 sedentary people 
with and without HIV aged 50 to 75 
years, who had no contraindications 
to exercise, participants engaged in a 
supervised exercise program 3 days per 
week for 24 weeks.26 Exercise started 
as 15 minutes on a treadmill and in- 

creased to 50 minutes over the course 
of the 24 weeks, and participants also 
completed 4 different resistance exer-
cises. All participants completed 12 
weeks of moderate-intensity exercise, 
and half the group was randomly as- 
signed to increase to high-intensity ex- 
ercise (high intensity based on their 
baseline measurements, VO2 max, and 
strength) or continue moderate-inten-
sity exercise for the next 12 weeks. All 
participants had improvements in their 
physical function after 24 weeks, and  
improvements were similar among in- 
dividuals with and without HIV. Further- 
more, individuals with HIV had sta- 
tistically significantly greater improve-
ments in 400-meter walk time, time 
to climb a flight of stairs, and VO2 
max. Overall, participants assigned to 
high-intensity exercise tended to have 
greater improvements in measures of 
strength, particularly among those with 
HIV. Improvements were also observed 

in components of frailty, and with an 
increase in lean mass and decrease in 
fat mass.

In addition to exercise, diet interven-
tions may also help improve physical 
function. In a landmark study compar-
ing the impact of a diet intervention in 
addition to an exercise intervention in 
older adults with obesity (without HIV), 
participants who had both diet and ex- 
ercise interventions had the greatest 
improvement in their physical perform- 
ance scores, followed by those who had 
exercise intervention only, and those 
who had diet intervention only, and 
those who had neither intervention.27 

Beyond diet and exercise, some data 
suggests that a comprehensive geriat-
ric assessment may have some benefit 
in reducing frailty. The comprehensive 
geriatric assessment ensures compre-
hensive, individualized care, rather than 
system-focused or guideline-driven 
care. A comprehensive assessment can 

Table 2. Advantages and Disadvantages of Tools Used to Measure Frailty

Test Advantages Disadvantages

Frailty phenotype •  Well-validated in geriatric literature and  
HIV literature

• Requires dynamometer 
• Overlaps with cognition/depression in HIV 
• Categorical 
• Subjective components 
• Prospective only

Frailty or Veterans Aging Cohort 
Study Index

• Easy to derive from labs 
• Can collect retrospectively

• No measure of physical function 
• More difficult to intervene (yes/no for each component)

Short Physical Performance  
Battery

• Well-validated in geriatric literature 
• Objective outcomes 
• Only requires chair and 4 meters of space

• Takes 5-10 min 
• Ceiling effects as the standard 12-scale exam 
• Prospective

4-meter walk • Well-validated in older populations 
• Quick 
• Does not require equipment 
• Continuous outcome

• Requires some training to standardize across sites; space 
• Prospective

Chair rise time • Easy/fast 
• Only requires chair  
• Continuous outcome 
• Less of a ceiling effect  
• Greatest impairment in HIV 
• Changes with intervention

• Patients with severe knee problems may be unable to complete 
• Prospective

Grip strength • Associated with increased mortality • Requires dynamometer with calibration 
• Impacted by arthritis

400-meter or 6-minute walk • Higher level 
• Less of a ceiling effect 
• Continuous outcome 
• Identifies more subtle impairments

• Takes more time 
• Requires more space

Questionnaires • Easy to standardize 
• Can be done in waiting room or by mail 
• Might be more appropriate as a brief screen

• Subjective 
• May not be amenable to interventions
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help identify care or medications that 
are no longer necessary, detect gaps 
in care or diagnoses (such as cognitive 
or hearing impairments), and can con-
nect patients to appropriate resources 
(such as hearing aids, or home health), 
which ultimately may reduce frailty.

For individuals who cannot exercise 
or cannot exercise to the needed inten-
sity because of substantial disability 
or other impairments, pharmacologic 
options may be appropriate and nec-
essary. Testosterone has shown some 
benefit in improving muscle mass; few 
studies have shown a benefit of testos-
terone on muscle function, with added 
risk of cardiovascular disease.28,29 Met- 
formin and dasatinib are currently 
being studied in clinical trials of old- 
er adults without HIV as potential treat-
ments for frailty, but more data are 
needed.

Summary

Functional limitations and frailty can 
provide a window into patient vul-
nerability and can be used to guide 
clinical decisions. Interventions for 
frailty should ideally focus on early 
impairments before an individual be- 
comes frail. Overall, physical activity is 
safe and effective in improving phys-
ical function, and counseling about  
physical activity should be a routine 
component of HIV care. There are some 
promising pharmaceutical options, but 
more research is needed to determine 
the safety and long-term efficacy.  

Presented by Dr Erlandson in July 2020. First 
draft prepared from transcripts by Rachel 
Lastra. Reviewed and updated by Dr Erland-
son in January 2021.

Financial affiliations in the past 12 months: 
Dr Erlandson has received grants paid to her 
institution from Gilead Sciences, Inc, and 
served as a consultant to Gilead Sciences, Inc, 
Theratechnologies, and ViiV Healthcare. 

References
1. World Health Organization (WHO). In-

ternational Classification of Functioning, 
Disability and Health (ICF). https://www.
who.int/classifications/icf/en/. Accessed 
on September 15, 2020. 

2. Centers for Disease and Control and Pre-
vention (CDC). Disability and health over-

view. https://www.cdc.gov/ncbddd/dis-
abilityandhealth/disability.html. Accessed 
on September 15, 2020. 

3. Fried LP, Tangen CM, Walston J, et al. 
Frailty in older adults: evidence for a 
phenotype. J Gerontol A Biol Sci Med Sci. 
2001;56(3):M146-M156.

4. Rockwood K, Song X, MacKnight C, et  
al. A global clinical measure of fitness 
and frailty in elderly people. CMAJ. 2005; 
173(5):489-495.

5. Waite I, Deshpande R, Baghai M, Massey 
T, Wendler O, Greenwood S. Home-based 
preoperative rehabilitation (prehab) to 
improve physical function and reduce 
hospital length of stay for frail patients 
undergoing coronary artery bypass graft 
and valve surgery. J Cardiothorac Surg. 
2017;12(1):91.

6. Crane HM, Miller ME, Pierce J, et al. 
Physical functioning among patients ag-
ing with human immunodeficiency virus 
(HIV) versus HIV uninfected: feasibility of 
using the short physical performance bat-
tery in clinical care of people living with 
HIV aged 50 or older. Open Forum Infect 
Dis. 2019;6(3):ofz038.

7. Kooij KW, Wit FW, Schouten J, et al. 
HIV infection is independently associ-
ated with frailty in middle-aged HIV type 
1-infected individuals compared with 
similar but uninfected controls. AIDS. 
2016;30(2):241-250.

8. Althoff KN, Jacobson LP, Cranston RD, et 
al. Age, comorbidities, and AIDS predict  
a frailty phenotype in men who have sex 
with men. J Gerontol A Biol Sci Med Sci. 
2014;69(2):189-198.

9. Wulunggono W, Yunihastuti E, Shatri H, 
Wahyudi ER, Ophinni Y. Frailty among 
HIV-1 Infected adults under antiretrovi-
ral therapy in Indonesia. Curr HIV Res. 
2019;17(3):204-213.

10. Onen NF, Patel P, Baker J, et al. Frailty and 
pre-frailty in a contemporary cohort of 
HIV-infected adults. J Frailty Aging. 2014; 
3(3):158-165.

11. Erlandson KM, Allshouse AA, Jankowski 
CM, et al. Comparison of functional sta-
tus instruments in HIV-infected adults on 
effective antiretroviral therapy. HIV Clin 
Trials. 2012;13(6):324-334.

12. Umbleja T, Brown TT, Overton ET, et al. 
Physical function impairment and frailty 
in middle-aged people living with hu-
man immunodeficiency virus in the RE-
PRIEVE trial ancillary study PREPARE.  
J Infect Dis. 2020;222(Supplement_1): 
S52-S62.

13. Erlandson KM, Wu K, Koletar SL, et al. 
Association between frailty and compo-
nents of the frailty phenotype with modi-
fiable risk factors and antiretroviral thera-
py. J Infect Dis. 2017;215(6):933-937.

14. Onen NF, Agbebi A, Shacham E, Stamm 
KE, Onen AR, Overton ET. Frailty among 
HIV-infected persons in an urban out-
patient care setting. J Infect. 2009;59(5): 
346-352.

15. Piggott DA, Muzaale AD, Mehta SH, et al. 
Frailty, HIV infection, and mortality in an 
aging cohort of injection drug users. PLoS 
One. 2013;8(1):e54910.

16. Pathai S, Gilbert C, Weiss HA, et al. Frailty 
in HIV-infected adults in South Africa. 
JAIDS. 2013;62(1):43-51.

17. Rees HC, Ianas V, McCracken P, et al. 
Measuring frailty in HIV-infected individ-

uals. Identification of frail patients is the 
first step to amelioration and reversal of 
frailty. J Vis Exp. 2013;(77)

18. Sandkovsky U, Robertson KR, Meza JL, et 
al. Pilot study of younger and older HIV-
infected adults using traditional and nov-
el functional assessments. HIV Clin Trials. 
2013;14(4):165-174.

19. Oursler KK, Sorkin JD, Ryan AS, Katzel LI. 
A pilot randomized aerobic exercise trial 
in older HIV-infected men: Insights into 
strategies for successful aging with HIV. 
PLoS One. 2018;13(6):e0198855.

20. Souza PM, Jacob-Filho W, Santarem JM, 
Silva AR, Li HY, Burattini MN. Progressive 
resistance training in elderly HIV-positive 
patients: does it work? Clinics (Sao Paulo). 
2008;63(5):619-624.

21. Bonato M, Galli L, Passeri L, et al. A pilot 
study of brisk walking in sedentary com-
bination antiretroviral treatement (cART)- 
treated patients: benefit on soluble and 
cell inflammatory markers. BMC Infect Dis. 
2017;17(1):61.

22. Dolan SE, Frontera W, Librizzi J, et al. Ef-
fects of a supervised home-based aerobic 
and progressive resistance training regi-
men in women infected with human im- 
munodeficiency virus: a randomized trial. 
Arch Intern Med. 2006;166(11):1225-1231.

23. Ogalha C, Luz E, Sampaio E, et al. A 
randomized, clinical trial to evaluate the 
impact of regular physical activity on the 
quality of life, body morphology and met-
abolic parameters of patients with AIDS 
in Salvador, Brazil. JAIDS. 2011;57 Suppl 
3:S179-S185.

24. Montoya JL, Jankowski CM, O'Brien KK, 
et al. Evidence-informed practical recom-
mendations for increasing physical activ-
ity among persons living with HIV. AIDS. 
2019;33(6):931-939.

25. Voigt N, Cho H, Schnall R. Supervised 
physical activity and improved functional 
capacity among adults living with HIV: a 
systematic review. J Assoc Nurses AIDS 
Care. 2018;29(5):667-680.

26. Erlandson KM, Mawhinney S, Wilson M, 
et al. Physical function improvements 
with moderate or high-intensity exercise 
among older adults with or without HIV 
infection. AIDS. 2018;32(16):2317-2326.

27. Villareal DT, Chode S, Parimi N, et al. 
Weight loss, exercise, or both and physi-
cal function in obese older adults. N Engl 
J Med. 2011;364(13):1218-1229.

28. Hsu B, Cumming RG, Handelsman DJ. 
Testosterone, frailty and physical func-
tion in older men. Expert Rev Endocrinol 
Metab. 2018;13(3):159-165.

29. Matsumoto AM. Testosterone replace-
ment in men with age-related low testos-
terone: what did we learn from the tes-
tosterone trials? Curr Opin Endocr Metab 
Res. 2019;6:34-41.

30. Erlandson KM, Schrack JA, Jankowski 
CM, Brown TT, Campbell TB. Functional 
impairment, disability, and frailty in 
adults aging with HIV-infection. Curr HIV/
AIDS Rep. 2014;11(3):279-290.

Top Antivir Med. 2021;28(3):469-473.  

©2021, IAS–USA. All rights reserved 

https://www.who.int/classifications/international-classification-of-functioning-disability-and-health
https://www.who.int/classifications/international-classification-of-functioning-disability-and-health
https://www.cdc.gov/ncbddd/disabilityandhealth/disability.html
https://www.cdc.gov/ncbddd/disabilityandhealth/disability.html

