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ABSTRACT	

	

Terra	Victoria	Fatukasi:	Frailty	prevalence,	one-year	risk,	and	the	effect	of	smoking	among	

women	with	and	without	HIV	infection	

(Under	the	direction	of	Adaora	A.	Adimora)	

	

	

The	gap	in	life	expectancy	between	people	with	HIV	and	the	general	population	is	

diminishing.	However,	evidence	suggests	that	people	with	HIV	may	be	experiencing	aging-

related	conditions	at	earlier	ages.	The	objective	of	this	dissertation	was	to	estimate	the	

prevalence	of	frailty,	a	syndrome	of	physical	vulnerability,	estimate	the	one-year	risk	of	

frailty,	and	examine	the	effect	of	smoking	on	the	one-year	risk	of	frailty	among	women	with	

and	at	risk	for	HIV.	This	project	used	data	from	the	Women’s	Interagency	HIV	Study	

between	October	2015	and	September	2017.	The	Fried	Frailty	Index	was	used	to	define	

frail	status	as	exceeding	the	threshold	for	at	least	three	of	five	frailty	components:	

slowness,	weakness,	unintentional	weight	loss,	exhaustion,	and	low	physical	activity.	

Among	1,404	women	with	a	median	age	of	52	years	(interquartile	range:	47-57),	we	found	

that	frailty	prevalence	was	11.5%	(15.3%	HIV-,	10.1%	HIV+).	The	most	common	frailty	

components	were	low	physical	activity	and	exhaustion.	The	one-year	risk	of	frailty	was	

6.6%	(95%	confidence	interval:	4.1,	9.1)	and	similar	for	women	with	and	without	HIV.	

After	adjustment	for	confounding,	current	smokers	were	1.68	times	as	likely	to	become	

frail	compared	to	non-smokers	(95%	CI:	0.69,	4.06).	Women	with	high	cumulative	smoking	

exposure	were	2.72	times	as	likely	to	become	frail	compared	to	women	with	low	

cumulative	smoking	exposure	(95%	CI:	0.96,	7.67),	and	this	latter	effect	appeared	to	be	
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more	pronounced	among	women	with	HIV	(adjusted	RR	=	4.10;	95%	CI:	1.22,	

13.78).	In	a	low	income,	predominately	black	population	of	women	in	their	mid-fifties	with	

and	without	HIV	infection,	the	prevalence	and	risk	of	frailty	is	comparable	to	women	in	the	

general	population	at	least	65	years	old.	Reported	smoking	exposure	is	independently	

associated	with	increased	frailty	risk	in	this	population,	even	over	a	one-year	period	of	

follow-up.	These	findings	demonstrate	that	modifiable	risk	factors,	such	as	smoking,	could	

play	a	crucial	role	in	preventing	frailty,	especially	among	people	with	HIV.	Future	studies	

are	needed	to	investigate	trends	in	frailty	risk	over	time	and	to	examine	the	long-term	

impacts	of	smoking	on	frailty	among	people	with	HIV.	 	



	v	

ACKNOWLEDGEMENTS	

	

I	would	like	to	say	thank	you	to	my	advisor	and	dissertation	committee	chair,	

Adaora	Adimora,	who	has	been	instrumental	in	my	progress	and	it	has	been	an	honor	to	

learn	from	her	during	this	process.	I	would	also	like	to	say	thank	you	to	my	entire	

committee,	for	sharing	their	time	and	expertise	in	helping	me	with	this	project	and	my	

training	as	an	epidemiologist.	Thank	you	to	the	researchers,	project	staff,	and	participants	

in	the	WIHS	who	have	also	given	their	time	and	insight	in	helping	to	refine	this	project.	

Thank	you	to	my	friends	and	family	who	have	shown	me	tremendous	support,	kindness,	

encouragement,	and	love	throughout	this	journey.	Lastly,	a	special	dedication	to	my	

grandparents,	who	have	overcome	so	many	obstacles	and	modeled	such	resiliency	that	it	

inspires	me,	I	am	forever	grateful.



	vi	

TABLE	OF	CONTENTS	

LIST	OF	TABLES	………………………………………………………………………………………………………..	viii	

LIST	OF	FIGURES	…………………………………………………………………………………………………….…..	 ix	 	

LIST	OF	ABBREVIATIONS	…………………………………………………………………………………………......	x	 	

CHAPTER	1.	BACKGROUND	....……………………………………………………………………………………….	1	

CHAPTER	2.	SPECIFIC	AIMS	..………………………………………………………………………………………	11	

CHAPTER	3.	METHODS	...…………………………………………………………………………………………….	12	

DATA	SOURCE	………………………………………………………………………………....………………	12	

INCLUSION	AND	EXCLUSION	CRITERIA	……………………………………………………………	16	

OUTCOME	……………………………………………………………………………………………………….	18		

EXPOSURE	………………………………………………………………………………………………………		21	

COVARIATES	…………………………………………………………………………………………………...	21	

STATISTICAL	ANALYSIS	…………………………………………………………………………………..	26	

CHAPTER	4.	PREVALENCE	AND	ONE-YEAR	RISK	OF	FRAILTY	(AIM	1	AND	AIM	2)	……….	30	

INTRODUCTION	………………………………………………………………………………………………	30	

METHODS	……………………………………………………………………………………………………….	32	

RESULTS	…………………………………………………………………………………………………………	36	

DISCUSSION	…………………………………………………………………………………………………….	37	

TABLES	AND	FIGURES	……………………………………………………………………………………..	43	

CHAPTER	5.	EFFECTS	OF	SMOKING	ON	ONE-YEAR	RISK	FRAILTY	RISK	(AIM	3)	.…….……	50



	vii	

INTRODUCTION	………………………………………………………………………………………………	50	

METHODS	……………………………………………………………………………………………………….	52	

RESULTS	…………………………………………………………………………………………………………	56	

DISCUSSION	…………………………………………………………………………………………………….	57	

TABLES	…………………………………………………………………………………………………………...	62	

CHAPTER	6.	CONCLUSION	………………………………………………………………………………………….	67	

SUMMARY	OF	FINDINGS	………………………………………………………………………………….	67	

LIMITATIONS	………………………………………………………………………………………………….	69	

IMPLICATIONS	AND	FUTURE	DIRECTIONS	………………………………………………………	71	

REFERENCES	……………………………………………………………………………………………………………..	74	



	viii	

LIST	OF	TABLES	

	

Table	1.	The	Fried	Frailty	Index	and	operationalization	of	each	frailty		

component	in	the	Women’s	Interagency	HIV	Study…………………………………………	20	

	

Table	2.	Baseline	Characteristics	of	Women’s	Interagency	HIV	Study		

Participants,	2015-2017…………………………………………………………………………………	43	

	

Table	3.	One-Year	Crude	and	Age-Adjusted	Risk	Ratio	and	Risk	Difference		

for	Frailty	in	the	Women’s	Interagency	HIV	Study,	2015-2017…………………………	49	

	

Table	4.	Baseline	Characteristics	of	Sample	Participants	by	Current		

Smoking	Status	in	the	Women’s	Interagency	HIV	Study,	2015-2017…………………	62	

	

Table	5.	One-Year	Crude	and	Adjusted	Risk	Ratios	and	Risk	Differences	for	

Frailty	by	Current	Smoking	Status	in	the	Women’s	Interagency	HIV	Study	

Using	Inverse	Probability	of	Treatment	Weighting,	2015-2017	(n=377)…………..	63	

	

Table	6.	One-Year	Crude	and	Adjusted	Risk	Ratios	and	Risk	Differences		

for	Frailty	by	Cigarette	Smoking	Pack-Years	in	the	Women’s		

Interagency	HIV	Study	Using	Stabilized	Inverse	Probability	of		

Treatment	Weighting,	2015-2017	(n=377)……………………………………………………..	64	 	

	

Table	7.	One-Year	Crude	and	Adjusted	Risk	Ratios	and	Risk	Differences		

for	Frailty	by	Cigarette	Smoking	Pack-Years	Among	Women	with	HIV	
	in	the	Women’s	Interagency	HIV	Study	Using	Stabilized	Inverse		
Probability	of	Treatment	Weighting,	2015-2017	(n=276)………………………………..	65	

	

Table	8.	One-Year	Crude	and	Adjusted	Risk	Ratios	and	Risk	Differences		

for	Frailty	by	Cigarette	Smoking	Pack-Years	Using	Alternate	Definition		

in	the	Women’s	Interagency	HIV	Study	and	Stabilized		

Inverse-Probability-of-Treatment	Weighting,	2015-2017	(n=377)…………………..	66	

	

	

	

	

	 	



	ix	

LIST	OF	FIGURES	

	

Figure	1.	WIHS	Sites,	2018…………………………………………………………………………………………...	15	 	

	

Figure	2.	Flow	Diagram	of	Study	Eligibility,	2015-2017…………………………………………………	17	

	

Figure	3.	Conceptual	Model………………………………………………………………………………………….	24	

	

Figure	4.	Directed	Acyclic	Graph	(DAG)	for	Smoking	and	Frailty……………………………………	25	

	

Figure	5.	Prevalence	of	Frailty	in	the	Women’s	Interagency	HIV	Study	by		

HIV	Status	and	Age,	2015-2017	(n=1,404)……………………………………………………..	45	
	

Figure	6.	Distribution	of	Frailty	Components	among	Prevalence	Sample	

in	the	Women’s	Interagency	HIV	Study	by	Frailty	Status	and	HIV	Status		 	

2015-2017	(n=1,404)……………………………………………………………………………………	46	

	

Figure	7.	Most	Common	Combinations	of	Frailty	Components	among		

Prevalence	Sample	in	the	Women’s	Interagency	HIV	Study	by		

Frailty	Status,	2015-2017	(n=1,404)……………………………………………………………...	47	

	

Figure	8.	Severity	of	Low	Physical	Activity	and	Exhaustion	among		

Prevalence	Sample	in	the	Women’s	Interagency	HIV	Study	by		

Frailty	Status,	2015-2017	(n=1,404)……………………………………………………………...	48	
	

	 	



	x	

LIST	OF	ABBREVIATIONS	

ART	 Antiretroviral	Therapy	

BMI	 	 Body	Mass	Index	

CD4	 	 Cluster	of	Differentiation	4	

CHS	 	 Cardiovascular	Health	Study	

CI	 	 Confidence	Interval	

DAG	 	 Directed	Acyclic	Graph	

FFI	 	 Fried	Frailty	Index	

HIV		 	 Human	Immunodeficiency	Virus	

IQR	 	 Interquartile	Range	

MACS	 	 Multicenter	AIDS	Cohort	Study	

mL	 	 Milliliter	

mm3	 	 Millimeter	

RD	 	 Risk	Difference	

RR	 	 Risk	Ratio	

WIHS	 	 Women’s	Interagency	HIV	Study	

VL	 	 Viral	Load	

US	 	 United	States	

	



	1	

CHAPTER	1.	BACKGROUND	

	

Many	high-income	countries,	including	the	United	States	(US),	have	seen	a	shift	in	

population	demographics	to	older	ages[1,	2].	Between	1970	and	2015,	US	life	expectancy	at	

birth	increased	from	70.8	years	to	78.8	years[3].	According	to	the	Census	Bureau,	in	1970,	

10%	(20	million)	of	the	US	population	was	at	least	65	years	old[4].	The	most	recent	census	

in	2010	estimated	this	figure	to	be	13%	(40	million),	but	it	is	projected	to	be	over	20%	by	

2030	(73	million)[5].		As	early	as	2035,	older	adults	are	projected	to	outnumber	children	for	

the	first	time	in	US	history[5].	One	major	driving	factor	for	these	changes	over	time	has	been	

declining	mortality	in	late-life	from	leading	causes	of	death,	including	cardiovascular	

disease	and	cancer[6].		

Despite	these	strides,	certain	populations	still	demonstrate	marked	disparities	in	

life	expectancy	and	mortality[5,	7,	8].	For	example,	the	life	expectancy	for	black	non-Hispanics	

was	75.1	years	in	2015[7].	Between	2001	and	2014,	the	gap	in	life	expectancy	between	the	

poorest	1%	and	richest	1%	of	individuals	was	15	years	for	men	and	10	years	for	women[9].	

During	this	same	period,	life	expectancy	increased	by	three	years	for	those	in	the	highest	

quartile	of	the	income	distribution,	while	it	remained	the	same	for	those	in	the	lowest	

quartile[9].	Social	and	structural	factors	play	a	critical	role	in	shaping	patterns	of	healthcare	

access	and	health-related	behaviors	among	these	populations[10].	
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The	life	expectancy	for	people	with	HIV	has	rapidly	improved	over	recent	years	due	

to	the	increased	effectiveness	and	use	of	antiretroviral	therapy	(ART)[8,	11].	One	recent	

study	estimated	that	20-year-olds	on	ART	can	expect	to	live	into	their	early	70s[8].	There	

are	currently	over	1.2	million	adults	and	adolescents	living	with	HIV	infection	in	the	US[12].	

In	2014,	45%	of	people	with	HIV	in	the	US	were	aged	50	and	older[13].	This	is	projected	to	

increase	to	more	than	50%	by	2020[14-16].	Even	with	advancements	in	treatment,	there	are	

still	disparate	outcomes	in	life	expectancy	and	mortality	for	people	with	HIV	compared	to	

the	general	population[8].	

Earlier	in	the	HIV/AIDS	epidemic,	differences	in	life	expectancy	between	HIV-

seropositive	and	HIV-seronegative	individuals	were	mostly	attributed	to	AIDS-related	

conditions[8,	11].	However,	since	the	introduction	of	ART,	incidence	rates	for	AIDS-related	

conditions	have	declined,	but	incidence	rates	for	non-AIDS-related	conditions	among	

people	with	HIV	has	been	increasing[11,	15].	One	study	estimated	that	among	a	cohort	of	

nearly	40,000	patients	initiating	ART	between	1996	and	2006,	over	50%	of	causes	of	death	

were	not	AIDS-related[17].	Another	study	estimated	that	70%	of	causes	of	death	were	not	

AIDS-related	among	a	cohort	of	nearly	50,000	individuals	in	Europe,	Australia,	and	the	US	

receiving	care	between	1999	and	2011[18].	Among	non-AIDS-related	deaths,	the	leading	

causes	of	death	were	non-AIDS	malignancies,	cardiovascular	disease,	and	liver	disease[17,	

18].	Reducing	non-AIDS-related	conditions	continues	to	be	an	important	priority	for	

improving	health	outcomes	and	survival	among	people	with	HIV.		

Evidence	suggests	that	relative	to	the	general	population,	people	with	HIV	are	at	an	

increased	risk	for	many	non-AIDS	conditions	that	are	associated	with	aging,	and	these	

include	cardiovascular	disease,	some	cancers,	renal	disease,	lung	disease,	liver	disease,	
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osteoporosis,	neurocognitive	disorders,	and	frailty[19].	Many	of	these	increased	risks	among	

people	with	HIV	persist	even	after	accounting	for	treatment	and	traditional	risk	factors[19].	

From	1992	to	2003,	a	US	prospective	cohort	study	of	54,780	individuals	found	higher	

incidence	rates	for	anal,	colorectal,	liver,	lung,	renal,	and	vaginal	cancer;	Hodgkin	

lymphoma,	leukemia,	and	melanoma	for	those	with	HIV	than	in	the	general	population	

after	adjustment	for	age,	sex,	and	race[20].		A	systematic	reviewed	estimated	that	the	risk	

ratio	for	cardiovascular	disease	comparing	people	with	HIV	not	on	ART	to	the	general	

population	was	1.61	[95%	CI:	1.43,	1.81],	while	it	was	2.00	[95%	CI:	1.70,	2.37]	comparing	

people	with	HIV	on	ART	to	the	general	population[21].	There	is	also	concern	that	people	

with	HIV	may	also	be	experiencing	some	aging-related	conditions	at	earlier	ages[15,	19].	A	

case-control	study	with	over	10,000	Italian	participants	who	were	46	years	old	on	average	

between	2002	and	2009,	found	that	the	prevalence	of	noninfectious	comorbidities	for	each	

age	stratum	was	higher	for	those	with	HIV	than	in	matched	controls[19].	

The	exact	mechanisms	for	these	differences	remain	unclear,	but	researchers	

hypothesize	that	accelerated	aging	processes	in	people	with	HIV	are	likely	to	occur	through	

processes	that	influence	immunodeficiency	and	chronic	inflammation[15,	22].	Specifically	a	

combination	of	processes	that	include	oxidative	stress,	telomere	inhibition,	telomere	

shortening,	and	lamin	A	mutations	and	accumulations	are	likely	to	result	in	increased	risks	

for	many	of	these	aging	processes	and	conditions	among	people	with	HIV[22].	A	study	

among	486	South	Africans	examined	two	validated	biomarkers	of	aging,	and	found	shorter	

telomere	length	and	higher	CDKN2A,	both	reflective	of	older	age,	among	HIV-seropositive	

individuals	compared	to	HIV-seronegative	individuals[23].	These	processes	could	result	
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from	the	presence	of	HIV	infection	itself,	the	side	effects	of	ART,	or	an	increased	burden	of	

risk	factors	that	promote	aging	among	people	with	HIV[15,	22,	23].			

One	aging-associated	condition,	frailty,	is	a	syndrome	of	physical	weakness	that	has	

been	associated	with	higher	risks	of	falls,	hospitalization,	institutionalization,	and	death[24,	

25].	The	Fried	Frailty	Index	(henceforth,	FFI),	a	tool	validated	in	the	Cardiovascular	Health	

Study	(CHS),	is	one	measure	used	to	operationalize	the	frailty	phenotype	based	on	five	

components:	weakness,	slowness,	unintentional	weight	loss,	low	activity,	and	

exhaustion[24].	Frailty,	disability,	and	comorbidity	are	often	thought	to	be	synonymous	and	

highly	concordant.	Defined	by	the	FFI,	46%	of	frail	adults	had	at	least	one	comorbid	

condition,	6%	had	activity	daily	living	(ADL)	disability,	22%	had	both	comorbidity	and	ADL	

disability,	and	27%	did	not	have	comorbidity	or	ADL	disability[24].	Frail	adults	were	at	an	

increased	risk	for	several	outcomes,	even	after	adjustment	for	age,	gender,	race,	subclinical	

and	clinical	disease,	disability,	socioeconomic	status,	health	status,	depressive	symptoms,	

income,	and	smoking	status[24].	The	adjusted	hazard	of	death	over	a	three-year	period	of	

follow-up	among	5,317	individuals	at	least	65	years	of	age	in	the	CHS	was	1.63	for	frail	

adults	compared	to	non-frail	adults	[95%	CI:	1.27,	2.08][24].	Frailty,	a	syndrome	of	physical	

weakness,	is	an	aggregate	expression	of	decreased	physiological	function	that	is	associated	

with	age	or	disease[24,	26].	

Another	prospective	cohort	study	with	over	40,000	participants	in	the	Women’s	

Health	Initiative-	Observational	Study	(WHI-OS)	aged	65-79	found	that	over	three	years	of	

follow-up,	frail	women	had	1.71	times	the	hazard	of	death	[95%	CI:	1.48,	1.97]	and	1.57	

times	the	hazard	of	hip	fracture	[95%	CI:	1.11,	2.20],	adjusting	for	other	factors	including	

comorbid	conditions[25].	Over	the	same	period	of	follow-up,	frail	women	had	1.95	times	the	
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risk	of	number	of	average	hospitalizations	[95%	CI:	1.72,	2.22]	and	3.15	times	the	risk	of	

incident	ADL	disability	[95%	CI:	2.47,	4.02]	compared	to	non-frail	women,	adjusting	for	

other	factors[25].	Among	1230	participants	from	aging	injection	drug	users	(IDUs)	in	the	

AIDS	Linked	to	the	IntraVenous	Experience	(ALIVE)	cohort,	HIV-negative	frail	IDUs	had	

2.63	times	the	rate	of	death	compared	to	HIV-negative	non-frail	IDUs	[95%	CI:	1.23,	5.66],	

while	HIV-positive	non-frail	IDUs	had	3.29	times	the	rate	of	death	[95%	CI:	1.85,	5.88],	and	

HIV-positive	frail	IDUs	had	7.06	times	the	rate	of	death	[95	CI:	3.49,	14.30],	after	

adjustment	for	age,	gender,	race,	education,	and	comorbid	conditions[27].		

Frail	adults	also	have	higher	healthcare	expenditures	relative	to	the	non-frail[28,	29].	

A	recent	study	of	a	cohort	of	older	people	from	two	Australian	states	found	that	healthcare	

costs	increased	22%	and	43%	over	a	six-month	period	for	individuals	with	intermediate	

and	high	frail	status,	respectively,	compared	to	non-frail	individuals[29].	Another	recent	

study	of	a	cohort	of	older	Germans	aged	50-75	found	an	association	between	frailty	and	

increased	healthcare	costs,	adjusting	for	socio-demographic	factors	and	comorbidity[28].	

This	study	found	that	the	average	total	healthcare	costs	for	non-frail	individuals	over	a	

three-month	period	were	€642,	followed	by	€1014	for	pre-frail	individuals,	€1616	for	frail	

individuals	with	three	components,	and	€3659	for	frail	individuals	with	four	or	five	

components[28].		

A	systematic	review	of	twenty-one	community-based	cohorts	of	individuals	aged	65	

and	older	shows	that	global	frailty	prevalence	in	the	general	population	varies	widely,	

ranging	from	4%	to	59%,	with	a	weighted	average	of	10.7%[30].	One	study	among	a	

nationally	representative	sample	of	7,439	Medicare	enrollees	aged	65	years	and	older	in	

the	National	Health	and	Aging	Trends	Study	estimated	US	frailty	prevalence	at	15%	in	
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2011[31].	Research	on	interventions	among	frail	individuals	have	targeted	the	prevention	of	

worsening	frailty	and	the	improvement	of	clinical	outcomes	following	the	onset	of	frailty[32,	

33].	Using	the	FFI,	limited	studies	in	the	general	population	of	women	aged	70-79	have	

found	slowness,	weakness,	and	low	physical	activity	to	be	the	most	common	frailty	

criteria[24,	33].	Some	studies	suggest	that	exercise	and	nutritional	interventions	can	delay	the	

onset	of	frailty	and	improve	its	symptoms[34-37].	One	study	among	216	frail	participants	in	

Sydney,	Australia	who	were	83	years	old	on	average	treated	by	clinicians	working	within	

rehabilitation	and	aged	care	services,	found	that	tailored	interventions	targeting	identified	

characteristics	of	frailty	reduced	frailty	and	improved	mobility	over	a	12-month	period	

compared	to	usual	care[33].	For	example,	these	tailored	interventions	for	meeting	each	

individual	frailty	component	could	include	consultation	with	a	dietitian	for	weight	loss,	

referral	to	a	psychiatrist	for	exhaustion,	home-based	physiotherapy	sessions	for	weakness,	

or	several	other	interventions[33].	Studies	show	that	resistance	exercise	training	can	

increase	strength	in	older	adults,	despite	age-associated	decreases	in	muscle	mass[34].		

In	addition	to	older	adults,	women,	racial/ethnic	minorities,	those	with	low	

socioeconomic	status,	and	people	with	HIV	are	more	likely	to	be	frail[24,	31,	38].	After	

validating	the	FFI,	the	CHS	estimated	baseline	frailty	prevalence	was	higher	among	women	

than	men	(7%	vs.	5%)[24].	Among	participants	in	the	National	Health	and	Aging	Trends	

Study	frailty	prevalence	was	also	higher	among	women	than	men	(17%	vs.	13%)[31].	The	

same	study	estimated	that	the	prevalence	of	frailty	among	Hispanics	and	black	non-

Hispanics	was	25%	and	23%,	respectively,	while	it	was	14%	for	white	non-Hispanics[31].	

Another	cross-sectional	analysis	in	the	Women’s	Health	and	Aging	Studies	among	727	

women	aged	65	and	older,	observed	that	women	with	less	than	a	high	school	education	
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were	3.0	times	as	likely	to	be	frail	than	those	with	more	than	a	high	school	education	[95%	

CI:	2.0,	4.5],	adjusting	for	age,	race,	insurance	status,	smoking	status,	and	comorbidities[39].	

Women	with	an	annual	household	income	less	than	$10,000	were	2.0	times	as	likely	to	be	

frail	[95%	CI:	1.3,	3.2],	adjusting	for	other	factors[39].	This	study	observed	that	blacks	were	

more	likely	to	be	frail	than	whites	in	unadjusted	models,	race	was	no	longer	associated	

with	frailty	after	including	measures	of	socioeconomic	status	in	adjusted	models	(OR	=	0.98	

[95%	CI:	0.64,	1.98])[39].	

A	systematic	review	focusing	on	cohorts	of	people	with	HIV	primarily	in	the	US	

found	that	frailty	prevalence	ranged	from	5%	to	29%[40].	However,	in	this	review,	the	

highest	median	age	was	57	years,	compared	to	the	previous	review	estimating	a	weighted	

frailty	prevalence	of	11%	among	adults	aged	65	and	older	in	the	general	population.	In	

studies	with	HIV-seronegative	controls,	the	prevalence	of	frailty	was	consistently	higher	at	

earlier	ages	for	people	with	HIV[40].	A	recent	cross-sectional	analysis	of	the	Women’s	

Interagency	HIV	Study	(WIHS)	among	2,028	women	who	were	on	average	39	years	of	age	

using	frailty	data	from	2005	found	17%	and	10%	frailty	prevalence	among	women	with	

HIV	and	women	at	risk	for	HIV,	respectively[38].	These	data	suggest	that	frailty	is	more	

common	among	people	with	HIV,	and	the	prevalence	of	frailty	among	younger	people	with	

HIV	may	be	comparable	to	those	aged	65	and	older	in	the	general	population.	

There	are	limited	studies	describing	the	distribution	and	most	common	

combinations	of	frailty	components	in	the	general	population,	but	this	remains	unknown	

for	PLWH	in	the	US.	The	Australian	study	among	receiving	rehabilitation	and	aged	care	

services,	found	that	low	physical	activity	and	exhaustion	were	the	most	common	frailty	

components	at	65%	and	63%,	followed	by	weakness	at	7%	among	older	adults	with	a	
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mean	age	of	83	years[33].	Given	that	in	this	population,	tailored	interventions	targeting	

individual	frailty	components	reduced	frailty	and	improve	mobility	over	a	12-month	period	

among	frail	adults,	it	is	important	to	examine	and	identify	whether	similar	frailty	

components	can	be	targeted	among	people	with	HIV[33].	Identification	of	common	frailty	

components	among	people	with	HIV	can	serve	as	targets	in	pinpointing	those	who	could	

benefit	from	interventions	that	help	prevent	frailty	among	non-frail	adults	and	lessen	the	

severity	of	frailty	among	frail	adults.	

	 There	are	limited	longitudinal	studies	of	frailty	in	the	US	general	population.	The	

original	study	validating	the	FFI	among	5,317	men	and	women	at	least	65	years	old	in	the	

CHS	reported	the	four-year	risk	of	frailty	was	7%[24].	The	Women’s	Health	Initiative	

Observational	Study	(WHI-OS)	among	a	nationally	representative	sample	of	40,657	women	

in	the	general	population	aged	65-79	reported	the	three-year	risk	of	frailty	was	15%[25].	To	

our	knowledge	there	are	only	two	longitudinal	studies	of	frailty	in	people	with	HIV,	and	

both	were	conducted	in	the	MACS	cohort	which	includes	only	men[41,	42].	In	the	MACS,	

assessing	data	on	2,150	men	from	each	six-month	visit	collected	between	1994	and	1996,	

men	with	HIV	across	all	durations	of	infection	had	a	higher	prevalence	of	frailty	than	men	

without	HIV[41].	Looking	across	all	visits,	this	study	estimated	that	men	with	HIV	were	11.0	

times	(95%	CI:	6.4,	18.9)	as	likely	to	be	frail	compared	to	men	with	HIV,	and	men	with	

longer	durations	of	HIV	were	associated	with	increased	frailty	prevalence[41].	The	

estimated	frailty	prevalence	for	a	55-year-old	man	who	had	been	living	with	HIV	infection	

no	more	than	four	years	was	3.4%	(95%	CI:	1.3,	8.6),	and	the	same	as	an	HIV-uninfected	

man	of	the	same	race/ethnicity	and	education	who	was	at	least	65	years	old[41].	Another	

MACS	analysis	on	1,946	men	found	that	between	2007	and	2011,	the	odds	of	developing	
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frailty	was	associated	with	a	history	of	AIDS	but	not	with	HIV	infection	alone[42].	After	

adjustment	for	other	factors,	men	with	HIV	and	a	history	of	AIDS	were	2.3	times	as	likely	to	

become	frail	over	the	next	study	visit	compared	to	men	without	HIV	(95%	CI:	1.5,	3.4)[42].	

Though	women	are	more	likely	to	develop	frailty,	there	are	no	longitudinal	studies	of	

frailty	among	women	with	HIV	and	the	risk	of	frailty	remains	unknown	in	this	population	

Some	studies	have	suggested	there	may	be	a	link	between	smoking	and	frailty[25,	38,	

42,	43].	Cross-sectional	studies	have	reported	higher	frailty	prevalence	among	smokers	than	

in	non-smokers	among	those	65	years	and	older[25,	38,	44].	Limited	longitudinal	data	on	

smoking	and	frailty	have	suggested	that	smoking	is	an	independent	risk	factor	for	frailty	in	

the	general	population[25,	43].	Smoking	is	a	cause	of	many	chronic	diseases	associated	with	

aging,	including	cardiovascular	disease,	respiratory	disease,	and	cancer[45,	46].	For	example,	

among	a	nationally	representative	sample	of	US	adults	aged	35	and	older,	it	was	estimated	

that	in	2011,	48.5%	of	deaths	from	12	cancer	sites	were	attributable	to	cigarette	smoking;	

these	sites	included	cancers	of	the	colorectum,	esophagus,	kidney	and	renal	pelvis,	larynx,	

liver	and	intrahepatic	bile	duct,	myeloid	leukemia,	oral	cavity	and	pharynx,	pancreas,	

stomach,	urinary	bladder,	uterine	cervix,	and	lung,	bronchus,	and	trachea[47].	The	CDC	

estimates	that	33%	of	deaths	from	cardiovascular	disease	are	attributable	to	cigarette	

smoking[46].	There	are	several	pathways	by	which	smoking	causes	a	variety	of	diseases,	

which	can	include	increased	levels	of	inflammatory	markers	and	enhanced	oxidative	

stress[48].			

Smoking	is	more	common	among	people	with	HIV	than	in	the	general	population[49,	

50].	A	nationally	representative	study	among	over	30,000	US	adults	from	the	Medical	

Monitoring	Project	and	National	Health	Interview	Survey	estimated	that	while	smoking	
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prevalence	was	21%	among	US	adults	in	the	general	population	in	2009,	it	was	42%	among	

people	with	HIV	receiving	medical	care[49].	People	with	HIV	who	smoke	are	at	increased	

risk	for	many	HIV-related	and	non-HIV-related	conditions	compared	to	people	with	HIV	

who	do	not	smoke,	a	few	of	which	include	bacterial	pneumonia,	lung	cancer,	heart	disease,	

and	COPD[51-53].	As	mentioned	previously,	HIV	infection	is	also	an	important	risk	factor	for	

many	of	these	aging-associated	conditions,	independent	of	traditional	risk	factors	such	as	

smoking[54].	It	is	presumed	that	one	pathway	by	which	smoking	and	HIV	infection	can	cause	

aging-related	disease	is	through	their	independent	associations	with	increased	levels	of	

inflammatory	markers[54].	It	is	plausible	that	some	of	the	same	mechanisms	by	which	

smoking	causes	aging-related	disease	among	people	with	HIV	can	similarly	result	in	

increased	frailty	among	this	population	[53].		

Smoking	is	a	modifiable	risk	factor	that	could	have	a	high	impact	for	reducing	frailty	

among	people	with	HIV,	where	smoking	is	highly	prevalent.	To	our	knowledge,	there	are	no	

US	studies	estimating	the	independent	effect	of	smoking	on	incident	frailty.	In	the	WHI-OS	

cohort,	current	smokers	were	2.9	times	as	likely	to	develop	frailty	over	a	three-year	period	

of	follow-up	compared	to	never	smokers	(95%	CI:	2.4,	3.6)[25].	However,	though	a	risk	

factor	for	frailty,	the	independent	effect	of	smoking	on	the	risk	of	frailty	adjusting	for	other	

confounding	factors	was	not	determined.	One	recent	longitudinal	study	among	a	nationally	

representative	sample	of	2,542	adults	aged	60	and	older	in	England	found	an	independent	

association	between	current	smoking	and	the	four-year	risk	of	frailty	(OR	=	1.60;	95%	CI:	

1.02,	2.51)[43].	The	effect	of	smoking	on	frailty	among	people	with	HIV	remains	unknown.	
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CHAPTER	2.	SPECIFIC	AIMS	

	

This	project	will	use	data	from	a	prospective,	interval	cohort	of	participants	in	the	

Women’s	Interagency	HIV	Study	(WIHS).	Comparing	women	with	HIV	and	women	without	

HIV,	this	research	aims	to:	

	

Aim	1:	Evaluate	the	distribution	of	frailty	components	among	both	frail	and	non-

frail	women.	Using	current	data,	we	hypothesize	that	the	most	common	frailty	component	

and	most	common	combination	of	frailty	components	will	differ	between	women	with	HIV	

and	women	without	HIV	due	to	potential	differences	in	the	processes	of	biological	aging.	

	

Aim	2:	Assess	the	one-year	risk	of	frailty.	Using	existing	data	from	2015	to	2017,	we	

hypothesize	that	the	incidence	of	frailty	will	be	higher	in	women	with	HIV	compared	to	

women	at	risk	for	HIV,	due	to	accelerated	aging	processes	among	the	expanding	population	

of	people	with	HIV.	

	

Aim	3:	Estimate	the	effect	of	smoking	on	the	one-year	risk	of	frailty.	Using	existing	

data	from	2015	to	2017,	we	hypothesize	that	the	effect	of	smoking	on	incident	frailty	will	

be	higher	for	women	with	HIV	compared	to	women	at	risk	for	HIV	due	to	smoking-related	

increases	in	the	risk	of	both	HIV-related	and	non-HIV-related	conditions,	including	

premature	death,	among	people	with	HIV.	
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CHAPTER	3.	METHODS	

	

DATA	SOURCE		

This	project	will	use	observational	data	from	the	WIHS	cohort.	The	WIHS	was	

established	in	August	1993,	making	it	the	largest	U.S.	cohort	study	of	women	with	or	at-risk	

for	HIV	infection[55].	Until	2012,	the	WIHS	was	comprised	of	six	consortia,	some	of	which	

comprised	multiple	clinical	subsites[55].	These	six	WIHS	sites	were	located	in	

Bronx/Manhattan,	NY;	Brooklyn,	NY;	Los	Angeles/Southern	California/Hawaii;	San	

Francisco,	CA;	Chicago,	IL;	and	Washington,	DC	(shown	in	Figure	1).	The	WIHS	initially	

enrolled	2,059	HIV-positive	women	and	569	HIV-negative	women	between	October	1,	

1994	and	November	15,	1995,	and	another	738	HIV-positive	women	and	403	HIV-negative	

women	between	October	1,	2001	and	September	30,	2002[55,	56].	Beginning	in	2013,	the	

WIHS	closed	its	Los	Angeles/Southern	California/Hawaii	consortium	and	added	four	new	

Southern	sites,	including	Atlanta,	GA;	Chapel	Hill,	NC;	Miami,	FL;	and	Birmingham,	

AL/Jackson,	MS	(Figure	1)[57].		

The	WIHS	is	a	prospective,	interval	cohort	with	semi-annual	follow-up	visits[64,	65].	

The	WIHS	includes	interview,	physical	examination,	and	laboratory	data	from	HIV-positive	

women	and	HIV-negative	women,	aged	18	years	and	older,	recruited	from	primary	care	

clinics,	hospital-based	programs,	research	programs,	community	outreach	sites,	women’s	

support	groups,	drug	rehabilitation	programs,	HIV	testing	sites,	and	referrals	from	enrolled	
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participants[55,	56].	At	these	semiannual	visits,	the	following	data	are	collected:	

medication	data	including	a	detailed	form	on	medications	used	as	prophylaxis	and/or	

treatment	and	adherence;	physical	and	gynecologic	examinations;	detailed	questionnaires	

regarding	medical	history,	health	services	utilization,	sexual	behaviors,	demographics	and	

psychosocial	characteristics;	neuropsychological	screening	and	examination;	and	

laboratory	testing	of	specimens,	including	plasma	and	serum	for	CD4+	T-cells	and	HIV-1	

RNA	viral	load[55,	56].	Institutional	review	board	approval	was	obtained	at	each	site	and	

written	informed	consent	was	obtained	from	all	women.	

The	WIHS	was	actively	following	2,363	women	as	of	2016[57].	The	median	age	was	

51	(Interquartile	Range	[IQR]:	44,	56)	for	women	with	HIV	and	49	(IQR:	41,	55)	for	women	

without	HIV[57].	The	majority	of	the	WIHS	cohort	is	non-white;	72%	of	women	are	black	

non-Hispanic,	15%	are	Hispanic,	10%	are	white	non-Hispanic,	and	4%	are	other	racial	

groups.	Across	all	waves,	25%	of	participants	have	died	(9%	for	HIV-;	31%	for	HIV+)	and	

8%	were	lost	to	follow-up	(12%	for	HIV-;	7%	for	HIV+)[57].	About	one-third	of	the	cohort	

has	less	than	a	high	school	education	(31%	for	HIV-;	33%	for	HIV+)	and	the	majority	of	

participants	report	an	annual	household	income	no	more	than	$18,000	(56%	for	HIV-;	64%	

for	HIV+)[57].	Women	with	HIV	are	more	likely	to	report	having	health	insurance	(95%)	

than	women	without	HIV	(79%).	The	proportion	of	women	who	reported	injection	drug	

use	(IDU)	at	study	entry	is	15%,	but	only	1%	of	women	reported	current	IDU	in	the	past	six	

months[57].		

With	respect	to	clinical	characteristics	of	the	WIHS	cohort,	the	median	CD4	cell	

count	is	628	(IQR:	435,	853)	for	women	with	HIV	compared	to	1011	(IQR:	815,	1280)	for	

women	without	HIV[57].	The	majority	of	women	with	HIV	have	an	undetectable	viral	load	
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that	is	less	than	20	copies/mL	(69%)[57].	Among	all	women	in	the	cohort,	21%	have	

diabetes,	15%	have	history	of	an	adverse	cardiovascular	event,	and	5%	have	history	of	

cancer[57].	Lastly,	9%	of	women	have	active	hepatitis	C	virus	(HCV)	infection	confirmed	by	

positive	HCV	RNA	testing	(7%	for	HIV-;	10%	for	HIV+)[57].		
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Figure	1.	WIHS	Sites,	2018.	

	

	

	

WIHS	I	–	IV	(1994)	
WIHS	V	(2013)	
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INCLUSION	AND	EXCLUSION	CRITERIA	

	

The	analyses	for	this	project	was	restricted	to	women	at	least	40	years	of	age	with	at	

least	one	frailty	assessment	in	the	study	period	between	October	1,	2015	and	September	

30,	2017,	corresponding	to	WIHS	visits	43	through	46.	Of	1,669	women,	there	were	265	

women	with	missing	data	on	at	least	one	component	of	the	frailty	outcome	(Figure	2).	

Consequently,	there	were	1404	women	in	the	study	sample	for	aim	1;	378	women	in	the	

study	sample	for	aim	2;	and	377	women	in	the	study	sample	for	aim	3.		
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Figure	2.	Flow	Diagram	of	Study	Eligibility,	2015-2017.		

	

	 	

Aim	3.	Smoking	and	Frailty	Risk 
n	=	377 

Aim	1.	Prevalence 
n	=	1404 

Excluded: 
• Missing	grip	strength	and/or	walking	

speed	measurement	(n=242) 
• Missing	both	(n=150) 
• Missing	grip	strength	(n=30) 
• Missing	walking	speed	(n=62) 

• Missing	at	least	one	of	other	three	frailty	

components	(n=23) 

Aim	2.	Frailty	Risk 
n	=	378 

Excluded: 
• Did	not	have	two	frailty	assessments	

(n=500) 
• Did	not	have	two	frailty	assessments	

taken	at	baseline	and	a	one-year	period	of	

follow-up	(n=480) 
• Frail	at	baseline	visit	(n=46) 

Excluded: 
• Missing	data	on	income	(n=1) 

Assessed	for	Eligibility 
n	=	1669 
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OUTCOME	

For	all	three	aims	of	this	project,	the	outcome	of	interest	was	frailty.	As	a	

prospective,	interval	cohort,	the	WIHS	has	set	dates	for	each	six-month	visit	interval.	

Starting	at	WIHS	visit	43,	coincident	with	October	1,	2015,	the	WIHS	protocol	has	included	

measurement	of	frailty	components	and	assigned	frailty	status	among	women	who	are	40	

years	of	age	and	older.	The	Fried	Frailty	Index	(henceforth,	FFI),	a	tool	validated	in	the	

Cardiovascular	Health	Study	(CHS),	is	used	to	operationalize	the	frailty	phenotype	based	on	

five	components:	weakness,	slowness,	unintentional	weight	loss,	low	activity,	and	

exhaustion[24].	Frail	status	was	defined	as	exceeding	the	component-specific	threshold	

(Table	1)	for	at	least	three	frailty	components,	pre-frail	status	was	defined	as	exceeding	the	

threshold	for	two	frailty	components,	and	robust	status	was	defined	as	exceeding	the	

threshold	for	no	more	than	one	frailty	component[24].	As	in	the	CHS,	two	performance-

based	measures,	grip	strength	and	walking	speed,	operationalized	the	FFI	components	of	

weakness	and	slowness.	Grip	strength	was	measured	by	squeezing	a	Jamar	dynamometer	

with	maximum	force	using	the	dominant	hand,	and	the	highest	value	(greatest	strength)	of	

three	attempts	was	used	for	analysis.	Walking	speed	was	measured	in	seconds	by	a	timed	

four-meter	walk,	and	the	fastest	time	of	two	attempts	was	used	for	analysis.	Three	ongoing,	

prospectively	collected	self-reported	measures	in	the	WIHS	operationalized	the	FFI	

components	of	unintentional	weight	loss,	low	activity,	and	exhaustion[38].	

Performance-based	measures	are	assessed	at	least	every	other	semiannual	visit.	

Exhaustion	and	low	physical	activity	are	assessed	at	every	other	semiannual	visit	and	

unintentional	weight	loss	is	assessed	at	each	semiannual	visit.	For	this	project,	the	most	

recent	performance-based	measurement	estimated	frailty	prevalence,	and	the	most	recent	
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two	performance-based	measurements	estimated	the	one-year	risk	of	frailty.	If	any	of	the	

self-reported	frailty	components	were	missing,	the	closest	previous	or	subsequent	value	

that	occurred	within	two	visits	of	each	performance-based	measurement	was	used.	For	this	

project,	women	who	had	missing	data	on	grip	strength	and/or	walking	speed,	and	women	

who	did	not	have	self-reported	measures	within	two	visits	of	the	performance-based	

measurement	were	considered	incomplete	cases	and	excluded	(Figure	2).	
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Table	1.	The	Fried	Frailty	Index	and	operationalization	of	each	frailty	component	in	the	

Women’s	Interagency	HIV	Study.	

Frailty	Component	 WIHS	Operationalization	

Unintentional	weight	

loss																																												

Since	your	last	visit,	have	you	had	unintentional	weight	loss	of	at	

least	10	pounds?	

a. Yesa,b	
b. No	

Exhaustion																																													During	the	past	4	weeks,	as	a	result	of	your	physical	health,	have	

you	had	difficulty	performing	your	work	or	other	activities?	

a. All	of	the	timea,b	
b. Some	of	the	timea	
c. None	of	the	time	

Low	physical	activity																																													Does	your	health	now	limit	you	in	vigorous	activities,	such	as	

running,	lifting	heavy	objects,	or	participating	in	strenuous	sports?	

a. Limited	a	lota,b	
b. Limited	a	littlea	
c. Not	limited	at	all	

Slowness		

(same	as	CHS)																																														

4-meter	walk	at	usual	pace:	

a. ≥	6.13	seconds	for	height	≤	1.59	metersa,b	
b. ≥	5.25	seconds	for	height	>	1.59	metersa,b	
c. All	other	values	

Weakness	

(same	as	CHS)																																													

Grip	strength	measured	by	Jamar	dynamometer:		

a. ≤	17.0	kilograms	for	BMI	≤	23a,b	
b. ≤	17.3	kilograms	for	23	<	BMI	≤	26a,b	
c. ≤	18.0	kilograms	for	26	<	BMI	≤	29a,b	
d. ≤	21.0	kilograms	for	BMI	>29a,b	
e. All	other	values	

Abbreviations:	WIHS,	Women’s	Interagency	HIV	Study;	CHS,	Cardiovascular	Health	Study;	

BMI,	Body	Mass	Index	
aIndicates	frailty	component	threshold	met	(main	definition)	

bIndicates	frailty	component	threshold	met	(restricted	definition)	
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EXPOSURE	

For	aim	three,	the	two	primary	exposures	of	interest	were	current	cigarette	

smoking	status	(smoker	or	non-smoker)	and	the	number	of	cigarette	smoking	pack-years	

at	the	baseline	visit.	At	each	semiannual	visit,	women	self-report	smoking	status,	with	

women	classified	as	current	smokers	if	they	answer	“yes”	to	the	following	question:	“Since	

your	study	visit	on…have	you	smoked	cigarettes?”	Additional	smoking	data	are	collected	at	

each	semiannual	visit	and	smoking	pack-years	were	determined	based	on	participants’	

self-reported	average	number	of	cigarettes	or	packs	smoked	per	day.	To	calculate	the	

number	of	smoking	pack-years,	the	number	of	packs	smoked	per	day	was	averaged	across	

all	visits	with	non-missing	values	and	was	multiplied	by	the	number	of	years	having	

smoked.	As	a	sensitivity	analysis,	we	compared	our	results	with	those	using	an	alternate	

definition	for	smoking	pack-years.	If	the	self-reported	average	number	of	cigarettes	or	

packs	smoked	per	day	at	any	semiannual	visit	was	missing,	the	previous	non-missing	value	

was	carried	forward	until	it	was	replaced	by	the	next	non-missing	value.	To	calculate	the	

number	of	smoking	pack-years	using	the	alternate	definition,	the	number	of	packs	smoked	

per	day	across	each	visit	was	averaged	and	multiplied	by	the	number	of	years	having	

smoked.	

	

COVARIATES	

Covariates	were	determined	at	the	performance-based	measurement	in	prevalence	

analyses	and	at	the	baseline	visit	of	the	two	performance-based	measurements	in	analyses	

of	frailty	risk.	If	any	values	for	covariates	were	missing,	the	last	reported	value	was	used.	

The	following	characteristics	were	used	to	describe	participants:		
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• HIV	status:	based	on	results	from	enzyme-linked	immunosorbent	assay	and	western	

blot	

o indictor	for	HIV+	diagnosis	

• Age:	based	on	year	of	birth	

• Race/ethnicity:	based	on	participants’	self-report	

o categorized	as	white	non-Hispanic,	black	non-Hispanic,	 other	non-Hispanic,	

Hispanic	

• Education:	based	on	participants’	self-report	

o categorized	as	less	than	high	school,	high	school,	more	than	high	school	

• Annual	household	income:	based	on	participants’	self-report	

o categorized	 as	 ≤$6,000,	 $6,001-12,000,	 $12,001-18,000,	 $18,001-24,000,	

>$24,000	

• Region:	based	on	geographic	location	of	participants’	WIHS	site	

o categorized	as	Midwest,	Northeast,	South,	West	

• Current	cigarette	smoking	status:	based	on	participants’	self-report	

o 	categorized	as	smoker,	non-smoker,	former	smoker	

• Weekly	alcohol	use:	based	on	participants’	self-report	

o categorized	as	0	drinks,	0.1-7	drinks,	7.1-12	drinks,	>	12	drinks	

• Other	substance	use:	based	on	participants’	self-report	

o indicator	for	use	of	the	following	recreational	drugs:	

§ crack	cocaine,	cocaine,	heroin,	methadone,	methamphetamines,	

amphetamines,	 marijuana,	 prescription	 drug	 abuse,	 or	 other	

recreational	drug	use	
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• Active	hepatitis	C	infection:	based	on	results	from	HCV	RNA	testing	

o 	indicator	for	HCV+	result	

• HIV	viral	load:	based	on	results	from	HIV	RNA	quantification	assays	

• CD4	cell	count:	based	on	results	from	flow	cytometry		

For	aim	three,	a	conceptual	model	(Figure	3)	informed	by	the	literature	provided	a	

foundation	for	hypothesized	relationships	between	the	exposure	of	smoking,	the	outcome	

of	frailty,	and	various	factors.	The	conceptual	model	was	used	to	build	a	directed	acyclic	

graph	(DAG)	(Figure	4),	and	the	following	covariates	were	included	in	analyses	as	potential	

confounders:	age	(continuous),	race/ethnicity	(black	non-Hispanic,	all	other	races),	

education	(<high	school,	high	school,	and	>high	school),	annual	household	income	

(≤12,000,	>$12,000),	region	(Midwest,	Northeast,	South,	and	West),	heavy	weekly	alcohol	

use	(≤7	drinks,	>7	drinks),	and	any	other	recreational	drug	use	(yes,	no).	
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Figure	3.	Conceptual	Model.		
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Figure	4.	Directed	Acyclic	Graph	(DAG)	for	Smoking	and	Frailty.	
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STATISTICAL	ANALYSES	

	

AIM	1	

For	aim	one,	participant	characteristics	were	summarized	using	counts	and	

percentages,	by	HIV	status.	Frailty	prevalence	was	calculated	as	the	proportion	of	women	

who	exceeded	the	threshold	for	at	least	three	of	five	frailty	components	within	the	study	

period.	We	conducted	two	sensitivity	analyses,	first	to	assess	the	robustness	of	results	to	

our	chosen	definition	of	frailty	by	using	a	restricted	definition	of	frailty	(shown	in	Table	1)	

that	includes	only	the	highest	values	for	exhaustion	and	low	physical	activity.	For	example,	

women	had	to	respond	“all	the	time”	to	the	question,	“During	the	past	4	weeks,	as	a	result	

of	your	physical	health,	have	you	had	difficulty	performing	your	work	or	other	activities?”	

in	meeting	the	component-specific	threshold	for	exhaustion.	Also,	in	contrast	to	the	

previous	WIHS	analysis,[38]	we	chose	to	use	the	cut	points	for	grip	strength	and	walking	

speed	that	were	validated	in	the	general	population	by	Fried	(shown	in	Table	1),	rather	

than	using	the	highest	and	lowest	quintiles	of	the	distributions	from	our	HIV-seronegative	

population	for	walking	speed	and	grip	strength,	respectively.	As	a	second	sensitivity	

analysis,	we	compared	our	results	to	results	obtained	when	using	the	average	cut	points	in	

the	previous	WIHS	analysis	for	the	highest	and	lowest	quintiles	for	the	grip	strength	and	

walking	speed	measures,	respectively.	Data	analyses	were	performed	using	SAS	software	

version	9.3	(SAS	Institute,	Inc.,	Cary,	NC).	
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AIM	2	

For	aim	two,	participant	characteristics	were	summarized	using	counts	and	

percentages,	by	HIV	status.	The	one-year	risk	of	frailty	was	estimated	as	the	proportion	of	

women	from	the	population	at-risk	who	developed	frailty	over	the	one-year	risk	period.	

Log-binomial	models	were	used	to	estimate	crude	and	age-adjusted	one-year	frailty	risk	

ratios	with	95%	confidence	intervals	(CIs),	comparing	women	with	HIV	to	women	without	

HIV.	Linear	binomial	models	were	used	to	estimate	crude	and	age-adjusted	one-year	frailty	

risk	differences	with	95%	CIs,	comparing	women	with	HIV	to	women	without	HIV.	Data	

analyses	were	performed	using	SAS	software	version	9.3	(SAS	Institute,	Inc.,	Cary,	NC).	

	

AIM	3	

For	aim	three,	participant	characteristics	were	summarized	according	to	current	

smoking	status	using	percent	or	median	with	interquartile	range	(IQR),	as	appropriate.	

Potential	confounders	were	hypothesized	from	the	literature	and	identified	using	a	

directed	acyclic	graph	(Figure	4)[58].	Stabilized	inverse-probability-of-treatment	weights	

were	used	to	produce	estimates	for	the	one-year	risk	of	frailty	comparing	current	smokers	

to	non-smokers,	and	were	constructed	using	two	logistic	regression	models.	The	first	

model	estimated	the	unconditional	probability	of	being	a	current	cigarette	smoker,	and	the	

second	model	estimated	the	probability	of	being	a	current	cigarette	smoker	conditional	on	

measured	covariates.	The	final	stabilized	weight	for	the	exposed	was	the	marginal	

probability	of	being	a	current	cigarette	smoker	divided	by	the	participant’s	conditional	

probability	of	being	a	current	cigarette	smoker.	The	final	stabilized	weight	for	the	

unexposed	was	the	marginal	probability	of	not	being	a	current	cigarette	smoker	divided	by	



	28	

the	participant’s	conditional	probability	of	not	being	a	current	cigarette	smoker.	Key	

confounders	were	chosen	to	be	included	in	the	most	parsimonious	final	weighted	

(adjusted)	models	if	they	were	associated	with	the	exposure	in	the	conditional	logistic	

regression	model	(p<0.05).	A	weighted	log-binomial	model	was	used	to	estimate	

multivariable-adjusted	risk	ratios	(RR)	for	the	one-year	risk	of	frailty	comparing	current	

smokers	to	non-smokers.	A	weighted	linear-binomial	model	was	used	to	estimate	

multivariable-adjusted	risk	differences	(RD)	for	the	one-year	risk	of	frailty	comparing	

current	smokers	to	non-smokers.	Confidence	intervals	(CIs)	were	based	on	the	robust	

(Huber-White)	variance	estimator.	Smoking	pack-years	was	categorized	into	quintiles	to	

relax	linearity	assumptions.	The	two	highest	quintiles	of	the	exposure	distribution	

demonstrated	a	similar	magnitude	of	effect	on	the	one-year	risk	of	frailty	and	were	chosen	

as	the	cutoff	for	the	final	contrast	comparing	high	to	low	cumulative	smoking	exposure	in	

pack-years	(≤7.5,	>7.5).	As	described	above,	stabilized	inverse	probability	of	treatment	

weights	were	similarly	used	to	estimate	the	one-year	risk	of	frailty	comparing	women	

whose	cumulative	smoking	exposure	was	greater	than	7.5	pack-years	to	women	whose	

cumulative	smoking	exposure	was	no	more	than	7.5	pack-years	and	were	constructed	

using	two	logistic	regression	models.	The	first	model	estimated	the	unconditional	

probability	of	smoking	>7.5	pack-years	and	the	second	model	estimated	the	probability	of	

smoking	>7.5	pack-years	conditional	on	measured	covariates.	The	final	stabilized	weight	

for	the	exposed	was	the	marginal	probability	of	smoking	>7.5	pack-years	divided	by	the	

participant’s	conditional	probability	of	smoking	>7.5	pack-years.	The	final	stabilized	weight	

for	the	unexposed	was	the	marginal	probability	of	smoking	≤7.5	pack-years	divided	by	the	

participant’s	conditional	probability	of	smoking	≤7.5	pack-years.	After	adjustment	for	key	
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confounders,	weighted	log-binomial	and	linear	binomial	models	were	used	to	estimate	

multivariable-adjusted	RRs	and	RDs	for	the	one-year	risk	of	frailty	comparing	women	

whose	cumulative	smoking	exposure	was	greater	than	7.5	pack-years	to	women	whose	

cumulative	smoking	exposure	was	no	more	than	≤7.5	pack-years.		

As	a	sensitivity	analysis,	we	compared	our	results	with	those	using	an	alternate	

definition	for	smoking	pack-years.	If	the	self-reported	average	number	of	cigarettes	or	

packs	smoked	per	day	at	any	semiannual	visit	was	missing,	the	previous	non-missing	value	

was	carried	forward	until	it	was	replaced	by	the	next	non-missing	value.	To	calculate	the	

number	of	smoking	pack-years	using	the	alternate	definition,	the	number	of	packs	smoked	

per	day	across	each	visit	was	averaged	and	multiplied	by	the	number	of	years	having	

smoked.	Data	analyses	were	performed	using	SAS	software	version	9.3	(SAS	Institute	Inc.,	

Cary,	NC).	 	
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CHAPTER	4.	PREVALENCE	AND	ONE-YEAR	RISK	OF	FRAILTY	

	

Introduction			

Many	high-income	countries,	including	the	United	States	(US),	have	seen	a	shift	in	

population	demographics	to	older	ages[1,	2].	Between	1970	and	2014,	US	life	expectancy	at	

birth	increased	from	70.8	years	to	78.9	years[3].	People	with	HIV	are	also	living	longer	due	

to	the	increased	effectiveness	and	use	of	antiretroviral	therapy	(ART)[8,	11].	One	recent	

study	estimated	that	20-year-olds	on	ART	can	expect	to	live	into	their	early	70s[8].	By	2020,	

it	is	estimated	that	more	than	half	of	people	with	HIV	in	the	US	will	be	age	50	or	older[14,	59].	

Despite	increased	life	expectancy,	some	evidence	suggests	that	people	with	HIV	may	be	

experiencing	aging-related	conditions	at	earlier	ages	relative	to	the	general	population[15,	

38].		

One	of	these	aging-related	conditions,	frailty,	is	a	syndrome	of	physical	weakness	

that	has	been	associated	with	higher	risks	of	falls,	hospitalization,	institutionalization,	and	

death[24,	25].	Frail	adults	also	have	higher	healthcare	expenditures	relative	to	the	non-frail[28,	

29].	One	study	among	a	nationally	representative	sample	of	7,439	Medicare	enrollees	aged	

65	years	and	older	in	2011	estimated	frailty	prevalence	at	15%[31].		In	addition	to	older	

adults,	people	with	HIV,	women,	racial/ethnic	minorities,	and	those	with	low	

socioeconomic	status	(SES)	are	more	likely	to	be	frail[24,	31,	38].		A	recent	analysis	of	the	

Women’s	Interagency	HIV	Study	(WIHS)	among	2,028	women	who	were	on	average	39	
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years	of	age	using	frailty	data	from	2005	found	17%	and	10%	frailty	prevalence	

among	women	with	HIV	and	women	at	risk	for	HIV,	respectively[38].			

There	are	few	longitudinal	studies	of	frailty,	and	to	our	knowledge	only	two	were	

conducted	among	people	with	HIV;	both	were	conducted	in	the	Multicenter	AIDS	Cohort	

Study	(MACS),	which	includes	only	men[41,	42].	Given	that	women	are	more	likely	to	develop	

frailty,	it	is	important	to	determine	whether	frailty	incidence	is	similar	between	women	

with	and	without	HIV.		Though	we	know	the	characteristics	of	adults	who	are	more	likely	to	

develop	frailty,	data	are	limited	on	the	components	of	the	frailty	outcome	itself,	and	the	

distribution	of	frailty	components	remains	unknown	among	people	with	HIV	in	the	US[24,	

33].	Identification	of	common	frailty	components	can	serve	as	targets	in	pinpointing	women	

who	could	benefit	from	interventions	that	help	prevent	frailty	among	non-frail	adults	and	

lessen	the	severity	of	frailty	among	frail	adults.	

This	study	estimated	the	prevalence	and	one-year	risk	of	frailty	among	two	

vulnerable	populations,	women	with	HIV	and	women	at	risk	for	HIV.	We	also	compared	the	

distribution	of	individual	frailty	components,	and	investigated	whether	there	were	

differences	between	women	with	HIV	and	women	at	risk	for	HIV.	We	hypothesized	that	

frailty	prevalence	and	incidence	would	be	higher	among	younger	women	with	HIV	and	

estimates	would	be	comparable	to	older	women	in	the	general	population	due	to	previous	

studies	reporting	a	higher	occurrence	of	frailty	among	people	with	HIV.		
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Methods	

Study	Sample	

The	WIHS	is	a	prospective	cohort	of	women	with	and	at	risk	for	HIV	recruited	from	

primary	care	clinics,	hospital-based	programs,	research	programs,	community	outreach	

sites,	women’s	support	groups,	drug	rehabilitation	programs,	HIV	testing	sites,	and	

referrals	from	enrolled	participants[55].	This	study	included	data	from	eight	WIHS	sites	

located	in	Brooklyn,	NY;	San	Francisco/Bay	Area,	CA;	Chicago,	IL;	Washington,	DC;	Atlanta,	

GA;	Chapel	Hill,	NC;	Miami,	FL;	and	Birmingham,	AL/Jackson,	MS[55-57].	Institutional	review	

board	approval	was	obtained	at	each	site	and	written	informed	consent	was	obtained	from	

all	women.	At	semiannual	follow-up	visits,	the	WIHS	collects	a	wide	range	of	data,	including	

demographic	and	psychosocial	characteristics,	medical	history,	and	laboratory	data	

including	CD4	count	and	HIV	viral	load[55].	Methods	have	been	described	in	detail	

elsewhere[55-57].	The	sample	analyzed	here	included	1,404	women	who	were	at	least	40	

years	of	age	and	had	at	least	one	frailty	assessment	between	October	1,	2015	and	

September	30,	2017.	Women	with	two	frailty	assessments	over	approximately	a	one-year	

period	of	follow-up	were	included	in	analyses	estimating	the	one-year	risk	of	frailty.	Of	

these	1,404	women,	424	had	frailty	assessments	taken	at	both	baseline	and	a	one-year	

period	of	follow-up.	Due	to	frail	status	at	baseline,	46	women	were	excluded,	resulting	in	a	

sample	of	378	women	to	estimate	the	one-year	risk	of	frailty.	

	

Outcome	definition	

Starting	on	October	1,	2015,	the	WIHS	protocol	has	included	measurement	of	frailty	

components	and	assigned	frailty	status	among	women	who	are	40	years	of	age	and	older.	
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The	Fried	Frailty	Index	(FFI),	a	tool	validated	in	the	Cardiovascular	Health	Study	(CHS),	

was	used	to	operationalize	the	frailty	phenotype	based	on	five	components:	weakness,	

slowness,	unintentional	weight	loss,	low	activity,	and	exhaustion[24].	Frail	status	was	

defined	as	exceeding	the	component-specific	threshold	(Table	1)	for	at	least	three	frailty	

components,	pre-frail	status	was	defined	as	exceeding	the	threshold	for	two	frailty	

components,	and	robust	status	was	defined	as	exceeding	the	threshold	for	no	more	than	

one	frailty	component[24].	As	in	the	CHS,	two	performance-based	measures,	grip	strength	

and	walking	speed,	operationalized	the	FFI	components	of	weakness	and	slowness.	Grip	

strength	was	measured	by	squeezing	a	Jamar	dynamometer	with	maximum	force	using	the	

dominant	hand,	and	the	highest	value	(greatest	strength)	of	three	attempts	was	used	for	

analysis.	Walking	speed	was	measured	in	seconds	by	a	timed	four-meter	walk,	and	the	

fastest	time	of	two	attempts	was	used	for	analysis.	Three	ongoing,	prospectively	collected	

self-reported	measures	in	the	WIHS	operationalized	the	FFI	components	of	unintentional	

weight	loss,	low	activity,	and	exhaustion[38].	

Performance-based	measures	are	assessed	at	least	every	other	semiannual	visit.	

Exhaustion	and	low	physical	activity	are	assessed	at	every	other	semiannual	visit	and	

unintentional	weight	loss	is	assessed	at	each	semiannual	visit.	The	most	recent	

performance-based	measurement	estimated	frailty	prevalence,	and	the	most	recent	two	

performance-based	measurements	estimated	the	one-year	risk	of	frailty.	If	any	of	the	self-

reported	frailty	components	were	missing,	the	closest	previous	or	subsequent	value	that	

occurred	within	two	visits	of	each	performance-based	measurement	was	used.	Women	

who	had	missing	data	on	grip	strength	(n=30),	walking	speed	(n=62),	or	both	(n=150),	and	

women	who	did	not	have	self-reported	measures	within	two	visits	of	the	performance-
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based	measurement	(n=23),	were	considered	incomplete	cases	and	thus	excluded.	This	

resulted	in	the	final	prevalence	sample	of	1,404	women.	For	women	with	missing	data	on	

performance-based	measurements,	we	found	that	the	distributions	for	HIV	status	and	the	

other	three	components	among	excluded	women	were	similar	to	those	of	women	included	

in	our	analyses.	

	

Participant	Characteristics		

Participant	characteristics	were	determined	at	the	performance-based	

measurement	in	prevalence	analyses	and	at	the	baseline	visit	of	the	two	performance-

based	measurements	in	incidence	analyses.	If	any	values	for	participant	characteristics	

were	missing,	the	last	reported	value	was	used.	The	following	characteristics	were	used	to	

describe	participants:	HIV	status	(HIV+,	HIV-),	age	(40-84	years),	race/ethnicity	(white	

non-Hispanic,	black	non-Hispanic,	other	non-Hispanic,	Hispanic),	education	(less	than	high	

school,	high	school,	more	than	high	school),	annual	household	income	(less	than	or	equal	to	

$6,000,	$6,001-12,000,	$12,001-18,000,	$18,001-24,000,	more	than	$24,000),		region	

(Midwest,	Northeast,	South,	West),	cigarette	smoking	status	(never,	former,	current),	

weekly	alcohol	use	(0	drinks,	0.1-7	drinks,	7.1-12	drinks,	more	than	12	drinks),	other	

substance	use	(yes,	no),	and	active	hepatitis	C	infection	(RNA+,	RNA-)	.	HIV-specific	

characteristics	were	HIV	viral	load	(20-722,000	copies/mL)	and	CD4	cell	count	(6-2,283	

cells/mm3).	
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Statistical	Analysis	

	 Participant	characteristics	were	summarized	using	counts	and	percentages,	by	HIV	

status,	for	the	prevalence	and	incidence	samples.	Frailty	prevalence	was	calculated	as	the	

proportion	of	women	who	exceeded	the	threshold	for	at	least	three	of	five	frailty	

components	within	the	study	period.	The	one-year	risk	of	frailty	was	estimated	as	the	

proportion	of	women	from	the	population	at-risk	who	developed	frailty	over	the	one-year	

risk	period.	Log-binomial	models	were	used	to	estimate	crude	and	age-adjusted	one-year	

frailty	risk	ratios	with	95%	confidence	intervals	(CIs),	comparing	women	with	HIV	to	

women	without	HIV.	Linear	binomial	models	were	used	to	estimate	crude	and	age-adjusted	

one-year	frailty	risk	differences	with	95%	CIs,	comparing	women	with	HIV	to	women	

without	HIV.		

We	conducted	two	sensitivity	analyses,	first	to	assess	the	robustness	of	results	to	

our	chosen	definition	of	frailty	by	using	a	restricted	definition	of	frailty	(shown	in	Table	1)	

that	includes	only	the	highest	values	for	exhaustion	and	low	physical	activity.	In	contrast	to	

the	previous	WIHS	analysis,[38]	we	chose	to	use	the	cut	points	for	grip	strength	and	walking	

speed	that	were	validated	in	the	general	population	by	Fried,	rather	than	using	the	highest	

and	lowest	quintiles	of	the	distributions	from	our	HIV-seronegative	population	for	walking	

speed	and	grip	strength,	respectively.	As	a	second	sensitivity	analysis,	we	compared	our	

results	to	results	obtained	when	using	the	average	cut	points	in	the	previous	WIHS	analysis	

for	the	highest	and	lowest	quintiles	for	the	grip	strength	and	walking	speed	measures,	

respectively.	Data	analyses	were	performed	using	SAS	software	version	9.3	(SAS	Institute,	

Inc.,	Cary,	NC).	
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Results	

Baseline	characteristics	of	the	prevalence	and	incidence	samples	are	presented	in	

Table	2.	The	median	age	was	52	years	(interquartile	range	[IQR]:	47,	57)	for	both	women	

with	HIV	and	women	without	HIV.	The	majority	of	women	were	black	non-Hispanic	(75%),	

followed	by	white	non-Hispanic	(11%).	Figure	5	presents	the	proportion	of	women	in	each	

frailty	category	by	HIV	status	and	age	group.	The	overall	prevalence	of	frailty	was	11.5%	

(n=161/1,404);	10.0%	(n=103/1,025)	among	women	with	HIV	and	15.3%	among	women	

without	HIV	(n=58/379).	Frailty	prevalence	was	consistently	higher	for	women	without	

HIV	compared	to	women	with	HIV	for	all	age	groups,	except	the	55-59	age	group.	Similarly,	

using	the	restricted	definition	of	frailty,	frailty	prevalence	was	higher	among	women	

without	HIV	than	among	women	with	HIV	(4.2%	overall	prevalence	of	frailty	(n=59);	3.3%	

among	women	with	HIV	(n=34)	and	6.6%	among	women	without	HIV	(n=25)).	As	

expected,	frailty	prevalence	increased	with	age	(Figure	5).	Using	the	average	cut	points	for	

grip	strength	and	walking	speed	from	the	previous	WIHS	analysis,	the	overall	frailty	

prevalence	was	21.9%	(n=307)	and	similar	for	women	with	HIV	(22.0%)	and	women	

without	HIV	(21.4%).		

Figure	6	presents	the	prevalence	of	each	frailty	component	by	frailty	status	and	HIV	

status.	Low	physical	activity	was	the	most	frequently	occurring	frailty	component	

regardless	of	frailty	status	(Figure	6).	Exhaustion	was	the	second	most	frequently	occurring	

frailty	component	among	frail	and	pre-frail	women.	The	prevalence	of	frailty	components	

was	similar	for	women	with	and	without	HIV,	except	that	it	was	consistently	more	common	

for	women	with	HIV	to	report	unintentional	weight	loss	and	for	women	without	HIV	to	

meet	the	definition	for	weakness,	regardless	of	frailty	status.	
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The	most	common	combinations	of	frailty	components	among	frail,	pre-frail,	and	

robust	women	were	similar	in	women	with	and	without	HIV.	The	most	common	

combinations	of	frailty	components	were	low	physical	activity	and	exhaustion	alone	for	

pre-frail	women,	and	in	combination	with	one	other	component	for	frail	women,	which	

accounted	for	67%	and	68%	of	all	frailty	combinations	in	those	groups,	respectively	

(Figure	7).	The	severities	of	low	physical	activity	and	exhaustion	were	similar	in	women	

with	and	without	HIV	among	frail,	pre-frail,	and	robust	women.	Most	robust	women	did	not	

report	low	physical	activity	(60%)	or	exhaustion	(97%)	(Figure	8).	In	contrast,	68%	and	

20%	of	frail	women	reported	the	maximum	value	for	low	physical	activity	and	exhaustion,	

respectively.	Among	frail	women	with	HIV,	the	median	grip	strength	and	walking	speed	

were	22.0	kg	(IQR:	18.0,	28.0)	and	5.5	seconds	(IQR:	4.0,	7.9),	respectively.	Among	frail	

women	without	HIV,	the	median	grip	strength	and	walking	speed	were	20.3	kg	(IQR:	18.0,	

30.0)	and	5.6	seconds	(IQR:	4.0,	7.5),	respectively.			

Table	3	presents	the	one-year	risk	of	frailty,	along	with	crude	and	age-adjusted	risk	

ratios	and	risk	differences	comparing	women	with	HIV	to	women	without	HIV.	Overall,	the	

one-year	risk	of	frailty	was	6.6%	(95%	CI:	4.1,	9.1)	and	was	similar	for	women	with	HIV	

compared	to	women	without	HIV.	For	example,	after	adjusting	for	age,	women	with	HIV	

were	0.91	times	as	likely	to	develop	frailty	over	a	one-year	period	compared	to	women	

without	HIV	(95%	CI:	0.39,	2.10).	

	

Discussion	

In	a	predominantly	low-income	sample	of	US	women	with	and	at	risk	for	HIV	

infection	in	the	WIHS	who	were	at	least	40	years	of	age,	the	overall	prevalence	of	frailty	
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was	11.5%.	Frailty	prevalence	was	higher	for	women	without	HIV	than	for	women	with	

HIV.	The	distributions	of	frailty	components	among	the	frail,	pre-frail,	and	robust	were	

comparable	for	women	with	and	without	HIV.	Among	all	women,	the	most	common	

component	was	low	physical	activity,	and	the	most	common	combinations	of	components	

for	both	pre-frail	and	frail	women	included	low	physical	activity	and	exhaustion.	The	one-

year	risk	of	frailty	was	6.6%,	and	risks	were	similar	for	women	with	and	without	HIV.	

The	original	study	validating	the	FFI	among	5,317	men	and	women	at	least	65	years	

old	in	the	CHS	reported	7%	frailty	prevalence	and	7%	four-year	frailty	risk[24].	The	

Women’s	Health	Initiative	Observational	Study	reported	16%	baseline	frailty	prevalence	

among	40,657	women	in	the	general	population	aged	65-79	who	were	recruited	between	

1993	and	1998,	and	15%	three-year	frailty	risk[25].	In	our	study	population	with	a	median	

age	of	52	years,	frailty	prevalence	and	incidence	estimates	for	women	with	and	at	risk	for	

HIV	were	comparable	to	those	from	studies	of	individuals	in	the	general	population	who	

were	at	least	65	years	old.	Previous	cross-sectional	studies,	and	limited	longitudinal	

studies,	have	suggested	that	people	with	HIV	are	more	likely	to	develop	frailty[38,	41,	42].	In	

the	MACS,	using	data	collected	between	1994	and	1996,	men	with	HIV	were	more	likely	to	

be	frail	than	men	without	HIV[41].	Another	MACS	analysis	found	that	between	2007	and	

2011,	the	odds	of	developing	frailty	was	associated	with	a	history	of	AIDS	but	not	with	HIV	

infection	alone[42].	The	previous	WIHS	analysis	using	frailty	data	from	2005	reported	15%	

overall	frailty	prevalence,	and	a	higher	frailty	prevalence	among	women	with	HIV	than	in	

women	at	risk	for	HIV	(17%	vs.	10%)[38].	In	our	study	population	ten	years	later,	frailty	

prevalence	was	higher	in	women	at	risk	for	HIV	than	in	women	with	HIV,	and	the	one-year	

risk	of	frailty	was	similar	in	both	groups.	
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These	differences	could	be	due	to	several	factors.	First,	the	WIHS	implemented	an	

additional	recruitment	period	from	2011-2012.	The	WIHS	also	added	four	new	sites	from	

the	Southern	US	in	2013,	and	participants	from	these	sites	are	younger	compared	to	

women	in	the	existing	cohort[57].	Unlike	the	previously	published	WIHS	analyses,	our	data	

included	women	recruited	from	these	two	additional	waves,	and	women	from	southern	

sites	comprised	more	than	one-third	(38%)	of	our	prevalence	sample	population.	Second,	

the	previous	WIHS	analyses	included	participants	from	earlier	in	the	HIV	epidemic.	Since	

2012,	clinical	guidelines	have	recommended	that	ART	be	provided	to	all	HIV-seropositive	

patients,	regardless	of	CD4	count[60].	Thus,	participants	from	earlier	analyses	were	less	

likely	to	be	on	ART	and	more	likely	to	have	experienced	advanced	HIV	disease,	which	

increases	the	risk	of	aging-associated	conditions	and	mortality[8,	17,	19].	Lastly,	we	chose	to	

use	the	cut	points	for	grip	strength	and	walking	speed	measures	that	were	validated	in	the	

general	population	by	Fried,	in	contrast	to	the	previous	studies	in	the	WIHS	and	the	MACS,	

which	used	the	highest	and	lowest	quintiles	of	the	distributions	from	their	HIV-

seronegative	populations	for	walking	speed	and	grip	strength,	respectively,	as	the	cut	point	

for	each	measure.	Here	our	approach	allowed	us	to	compare	the	performance	on	frailty	

measures	of	the	WIHS	population	to	the	CHS	population	of	women	who	were	at	least	65	

years	of	age,	thus	reflecting	the	burden	of	frailty	among	women	with	and	at	risk	for	HIV	

relative	to	older	populations.	Our	sensitivity	analysis	showed	that	when	using	the	average	

cut	points	for	each	measure	from	the	previous	WIHS	analysis,	frailty	prevalence	increased	

to	21.9%,	and	was	similar	in	women	with	and	at	risk	for	HIV.		

A	high	prevalence	and	incidence	of	frailty	among	women	at	risk	for	HIV	was	not	

anticipated	in	these	analyses.	However,	previous	studies	in	the	general	population	have	
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suggested	that	several	characteristics	are	associated	with	frailty,	which,	in	addition	to	older	

age	and	female	gender,	include	minority	race/ethnicity,	lower	SES,	geographic	location,	

comorbidities,	poor	nutrition,	smoking,	and	possibly	alcohol	consumption[24,	31,	38,	39,	43]	

Recently,	DNA	methylation	signatures	of	intravenous	illicit	drug	use	and	hepatitis	C	

infection	have	also	been	linked	to	frailty	among	men	with	HIV[61].	Several	of	these	risk	

factors	are	highly	prevalent	in	the	WIHS	population,	and	while	hepatitis	C	infection	was	

more	prevalent	among	women	with	HIV,	some	other	factors	were	more	prevalent	among	

women	at	risk	for	HIV	in	our	study	population.	To	ensure	comparability	to	HIV-

seropositive	women,	HIV-seronegative	women	with	HIV-related	risk	characteristics,	such	

as	injection	drug	use,	were	targeted	for	recruitment	into	the	WIHS[55].	HIV-seronegative	

women	in	the	WIHS	are	also	less	likely	than	HIV-seropositive	women	to	report	having	

health	insurance[57].	As	a	result,	in	our	study	population	some	characteristics	associated	

with	frailty	are	more	common	in	women	at	risk	for	HIV	than	in	women	with	HIV.	For	

example,	more	HIV-seronegative	women	than	HIV-seropositive	women	report	current	

smoking	(47%	vs.	38%)	and	drinking	more	than	twelve	drinks	per	week	(12%	vs.	4%).	It	is	

possible	that	the	high	prevalence	of	these	risk	factors	that	promote	aging	and	disparities	in	

care	contributed	to	the	high	frailty	prevalence	and	incidence	in	HIV-seronegative	women.	

We	know	of	no	other	US	studies	describing	the	frequencies	and	combinations	of	

frailty	components	among	people	with	HIV.	One	randomized	trial	of	241	frail	individuals	in	

Sydney,	Australia,	who	were	an	average	age	of	83	years	and	receiving	rehabilitation	and	

aged	care	services,	found	that	low	physical	activity	and	exhaustion	were	the	most	common	

frailty	components	at	65%	and	63%,	followed	by	weakness	at	7%[33].	A	cross-sectional	

study	of	175	participants	from	an	HIV	outpatient	unit	in	France	found	that	low	physical	
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activity	and	exhaustion	were	the	most	common	frailty	components	at	40%	and	39%,	

respectively[62].	However,	they	did	not	report	the	most	frequent	combinations	of	frailty	

components.	In	our	population,	similar	to	the	Australian	and	French	populations,	we	found	

that	low	physical	activity	and	exhaustion	were	highly	prevalent	among	frail	and	pre-frail	

women	with	and	at	risk	for	HIV.	We	also	found	that	these	two	frailty	components	most	

commonly	occurred	in	conjunction	with	each	other	among	frail	and	pre-frail	women.	Given	

that	recent	studies	suggest	that	exercise	and	nutritional	interventions	can	delay	frailty	

onset	and	lessen	frailty	severity,	our	study	has	identified	common	components	that	can	

serve	as	targets	in	identifying	women	who	could	benefit	from	these	interventions[34-37,	63].	

Our	analyses	are	not	without	limitations.	First,	some	women	had	missing	data	for	

performance-based	measures	(grip	strength	and	walking	speed)	and	were	thus	excluded.	

We	examined	the	assumption	that	these	missing	data	were	not	related	to	frailty	status	or	

HIV	status	and	also	assessed	the	reasons	women	reported	for	not	wanting	to	participate	in	

any	performance-based	measurements.	Among	eligible	women	who	declined	to	complete	

any	performance-based	measurements	within	the	study	period	(n=126),	10%	explicitly	

reported	reasons	related	to	inability,	illness,	or	tiredness,	and	the	distribution	of	HIV	status	

was	similar	to	those	included	in	our	study.	Second,	frailty	status	is	episodic,	especially	in	

the	short-term[64].	The	previous	longitudinal	analysis	in	the	MACS,	which	used	quintiles	to	

define	the	component-specific	thresholds	for	grip	strength	and	walking	speed,	found	that	

4%	of	consecutive	study	visits	reverted	from	frail	to	non-frail	status[42].	However,	without	

intervention,	transitions	to	a	higher	degree	of	frailty	are	more	common	and	complete	

reversal	from	frailty	to	robustness	is	rare	among	elderly	people[64].	Given	the	limited	

longitudinal	data	in	frailty	research,	especially	among	people	with	HIV,	it	is	still	of	interest	
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to	understand	the	short-term	risk	of	frailty	among	women	with	and	at	risk	for	HIV.	Future	

studies	are	needed	to	assess	long-term	trends	and	differences	in	frailty	prevalence	and	

incidence	between	women	with	and	at	risk	for	HIV,	and	to	better	understand	the	impacts	of	

frailty	variability	on	health	outcomes.	Third,	estimates	for	the	risk	ratios	and	risk	

differences	were	imprecise.	However,	estimates	for	frailty	prevalence	and	incidence	were	

comparable	between	our	population	and	the	general	population	of	women	at	least	65	years	

of	age,	and	this	pattern	should	be	further	examined[24,	25].	

In	conclusion,	this	study	pinpointed	common	components	of	frailty	among	women	

with	HIV	and	women	at	risk	for	HIV.	Low	physical	activity	and	exhaustion	were	the	most	

common	frailty	components	among	frail	and	pre-frail	women,	and	low	physical	activity	was	

the	most	common	frailty	component	among	women	who	were	not	frail.	Among	women	in	

the	WIHS	who	are	in	their	mid-fifties,	we	found	an	overall	frailty	prevalence	and	a	one-year	

risk	of	frailty	that	were	comparable	to	estimates	from	women	in	the	general	population	

who	are	at	least	65	years	old.	Our	findings	suggest	that	social	and	behavioral	risk	factors	

that	promote	aging	could	play	a	pivotal	role	in	frailty	occurrence	among	women	who	are	

currently	living	with	HIV	or	at	risk	for	HIV.	Future	studies	should	investigate	modifiable	

risk	factors	to	reduce	the	burden	of	frailty	among	women	with	and	at	risk	for	HIV,	who	are	

vulnerable	to	frailty	at	ages	even	younger	than	65.			
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Table	2.	Baseline	Characteristics	of	Women’s	Interagency	HIV	Study	Participants,	2015-2017.	

	
Prevalence	Sample		

(n=1,404)	
One-Year	Incidence	Sample	

(n=378)	
Characteristic	 HIV+	(n=1,025)	 HIV-	(n=379)	 HIV+	(n=277)	 HIV-	(n=101)	
	 N	 %	 N	 %	 N	 %	 N	 %	

Age	(years)																																 40-44	 133	 13.0	 54	 14.3	 31	 11.2	 26	 25.7	
45-49	 222	 21.7	 95	 25.1	 72	 26.0	 27	 26.7	
50-54	 289	 28.2	 87	 23.0	 71	 25.6	 16	 15.8	
55-59	 210	 20.5	 69	 18.2	 61	 22.0	 13	 12.9	
60-84	 171	 16.7	 74	 19.5	 42	 15.2	 19	 18.8	

Regiona	 Midwest	 164	 16.0	 62	 16.4	 74	 26.7	 38	 37.6	
Northeast	 328	 32.0	 113	 29.8	 80	 28.9	 19	 18.8	

South	 386	 37.7	 139	 36.7	 75	 27.1	 23	 22.8	
West	 147	 14.3	 65	 17.2	 48	 17.3	 21	 20.8	

Race/Ethnicity	 	 	 	 	 	 	 	 	
White	Non-Hispanic	 128	 12.5	 27	 7.1	 40	 14.4	 10	 9.9	
Black	Non-Hispanic	 761	 74.2	 294	 77.6	 209	 75.4	 77	 76.2	
Other	Non-Hispanic	 34	 3.3	 24	 6.3	 10	 3.6	 7	 6.9	

Hispanic	 102	 10.0	 34	 9.0	 18	 6.5	 7	 6.9	
Education					 <	High	School	 316	 30.9	 110	 29.0	 81	 29.4	 22	 21.8	

High	School	 334	 32.6	 115	 30.3	 91	 33.0	 28	 27.7	
>	High	School	 374	 36.5	 154	 40.6	 104	 37.7	 51	 50.5	

Unknown	 1	 	 0	 	 1	 	 0	 	
Annual	Household	Income	 ≤	$6,000	 137	 13.4	 78	 20.7	 37	 13.4	 24	 23.8	

$6,001-$12,000	 356	 34.8	 112	 29.8	 103	 37.2	 19	 18.8	
$12,001-$18,000	 145	 14.2	 48	 12.8	 31	 11.2	 12	 11.9	
$18,001-$24,000	 105	 10.3	 26	 6.9	 20	 7.2	 11	 10.9	

>	$24,000	 279	 27.3	 112	 29.8	 86	 31.1	 35	 34.7	

435	
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Unknown	 3	 	 3	 	 0	 	 0	 	
Smoking	 Never	Smoker	 355	 34.6	 97	 25.6	 99	 35.7	 28	 27.7	

Former	Smoker	 278	 27.1	 105	 27.7	 65	 23.5	 32	 31.7	
Current	Smoker	 392	 38.2	 177	 46.7	 113	 40.8	 41	 40.6	

Alcohol	Use	(drinks/week)	 0	 589	 57.5	 170	 44.9	 148	 53.4	 48	 47.5	
0.1-7	 371	 36.2	 136	 35.9	 103	 37.2	 35	 34.7	
7.1-12	 24	 2.3	 29	 7.7	 6	 2.2	 3	 3.0	
	>	12	 41	 4.0	 44	 11.6	 20	 7.2	 15	 14.9	

Other	Substance	Useb	 Yes	 252	 24.6	 128	 33.8	 60	 21.7	 31	 30.7	
Active	Hepatitis	C	Infection	 RNA+	 96	 9.4	 21	 5.5	 33	 12.0	 5	 5.0	
	 Unknown	 2	 	 	 	 1	 	 	 	

HIV-specific	characteristics	 	 	 	 	 	 	

CD4	Count	(cells/mm3)c		 652	(441,	867)	 	 640	(436,	873)	 	
HIV	Viral	Load	(copies/mL)c,d	 20	(20,	29)	 	 20	(20,	20)	 	

Abbreviations:	WIHS,	Women’s	Interagency	HIV	Study		
aSite	categorization:	Midwest	(Chicago,	IL),	Northeast	(Brooklyn,	NY;	Washington,	DC),	South	(Atlanta,	GA;	Chapel	Hill,	NC;	
Miami,	FL;	Birmingham,	AL/Jackson,	MS),	West	(San	Francisco/Bay	Area,	CA)	
b	Substance	use:	crack	cocaine,	cocaine,	heroin,	methadone,	methamphetamines,	amphetamines,	marijuana,	prescription	drug	
abuse,	or	other	recreational	drug	use	
cMedian	(interquartile	range)	
dLower	limit	of	detection	is	20	copies/mL	

445	
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Figure	5.	Prevalence	of	Frailty	in	the	Women’s	Interagency	HIV	Study	by	HIV	Status	and	Age,	2015-2017	(n=1,404).	
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Figure	6.	Distribution	of	Frailty	Components	among	Prevalence	Sample	in	the	Women’s	Interagency	HIV	Study	by	Frailty	
Status	and	HIV	Status	2015-2017	(n=1,404).		

	
Note.	The	height	of	each	bar	represents	the	percentage	of	participants	and	the	value	above	each	bar	represents	the	number	of	
participants.	
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Figure	7.	Most	Common	Combinations	of	Frailty	Components	among	Prevalence	Sample	in	the	Women’s	Interagency	HIV	
Study	by	Frailty	Status,	2015-2017	(n=1,404).		

	
Abbreviations:	E,	Exhaustion;	LPA,	Low	Physical	Activity;	S,	Slowness;	UWL,	Unintentional	Weight	Loss;	W,	Weakness		
Note.	The	length	of	each	represents	the	percentage	of	participants	and	the	value	adjacent	to	each	bar	represents	the	number	
of	participants	

38

346

412

29

51

252

32

35

43

0 10 20 30 40 50 60 70 80 90 100

W

LPA

None

LPA,	UWL

LPA,	W

LPA,	E

LPA,	E,	S

LPA,	E,	UWL

LPA,	E,	W

Ro
bu
st

Pr
e-
Fr
ai
l

Fr
ai
l

Participants,	%

(n
=8
68
)

(n
=3
75
)

(n
=1
61
)

475	





	48	

Figure	8.	Severity	of	Low	Physical	Activity	and	Exhaustion	among	Prevalence	Sample	in	the	Women’s	Interagency	HIV	Study	
by	Frailty	Status,	2015-2017	(n=1,404).		
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Table	3.	One-Year	Crude	and	Age-Adjusted	Risk	Ratio	and	Risk	Difference	for	Frailty	in	the	Women’s	Interagency	HIV	Study,	
2015-2017.	

	 N	 Cases	
Crude	Risk	
%	(95%	CI)	

Crude	RR	
(95%	CI)	

Crude	RD	
(95%	CI)	

Age-Adjusted	RR	
(95%	CI)	

Age-Adjusted	RDa	
(95%	CI)	

One-Year	 	 	 	 	 	 	 	
Overall	 378	 25	 6.61	(4.11,	9.12)	 -	 	 -	 -	
HIV-	 101	 7	 		6.93	(1.98,	11.88)	 1.00	 0.00	 1.00	 0.00	
HIV+		 277	 18	 6.50	(3.60,	9.40)	 0.94	(0.40,	2.18)	 0.00	(-0.06,	0.05)	 0.91	(0.39,	2.10)	 -0.03	(-0.09,	0.03)	

Abbreviations:	CI,	Confidence	Interval;	RD,	Risk	Difference;	RR,	Risk	Ratio	
aAge	(continuous	variable)	
	 	

495	
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CHAPTER	5.	EFFECT	OF	SMOKING	ON	THE	ONE-YEAR	RISK	OF	FRAILTY	

	

Introduction	

It	is	well	established	that	cigarette	smoking	is	a	cause	of	premature	death	and	

disease[45,	46].	Smoking	is	the	cause	of	many	chronic	diseases	associated	with	aging,	

including	cardiovascular	disease,	respiratory	disease,	and	cancer[45,	46].	Evidence	suggests	

there	may	be	a	link	between	smoking	and	frailty,	a	syndrome	of	physical	weakness	that	is	

associated	with	higher	risks	of	hospitalization,	institutionalization,	and	premature	death[19,	

38,	41,	44,	65].	Cross-sectional	studies	have	reported	higher	frailty	prevalence	in	smokers	than	

in	non-smokers,	among	those	65	years	and	older[25,	38,	44].	Limited	longitudinal	data	on	

smoking	and	frailty	have	suggested	that	smoking	is	a	risk	factor	for	incident	frailty	in	the	

general	population[25,	43].	

Smoking	is	more	common	among	people	with	HIV	than	in	the	general	population[49].	

One	nationally	representative	study	in	2009	among	over	30,000	US	adults	from	the	Medical	

Monitoring	Project	and	National	Health	Interview	Survey	estimated	that	while	smoking	

prevalence	was	21%	among	US	adults	in	the	general	population,	it	was	42%	among	people	

with	HIV	receiving	medical	care[49].	People	with	HIV	who	smoke	are	at	increased	risks	for	

some	HIV-related	and	non-HIV-related	conditions	compared	to	people	with	HIV	who	do	not	

smoke,	including	bacterial	pneumonia,	lung	cancer,	and	chronic	obstructive	pulmonary	

disease[51-54].	It	is	presumed	that	one	pathway	by	which	smoking	and	HIV	infection	can
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cause	increases	risk	for	some	aging-related	diseases	is	through	their	independent	

associations	with	increased	levels	of	inflammatory	markers[54].	Thus	it	is	plausible	that	

some	of	the	same	mechanisms	by	which	smoking	causes	aging-related	disease	among	

people	with	HIV,	such	as	increased	inflammation,	could	similarly	result	in	an	increased	risk	

of	frailty	among	those	with	smoking	exposure	in	this	population[53,	54].		

Older	adults,	people	with	HIV,	women,	racial/ethnic	minorities,	and	those	with	low	

socioeconomic	status	(SES)	are	more	likely	to	be	frail[24,	25,	38,	41,	66].	Our	previous	study	

reported	that	estimates	for	frailty	prevalence	and	incidence	among	women	with	and	at	risk	

for	HIV	infection,	who	were	on	average	52	years	old,	were	comparable	to	those	from	the	

general	population	at	least	65	years	old.	Smoking	is	a	modifiable	risk	factor	and	its	

elimination	could	substantially	reduce	frailty	in	populations	where	smoking	is	highly	

prevalent,	such	as	people	with	HIV.	To	our	knowledge,	there	are	no	US	studies	estimating	

the	independent	effect	of	smoking	on	incident	frailty.	Thus	the	effect	of	smoking	on	frailty	

risk	also	remains	unknown	for	people	with	HIV,	and	for	those	younger	than	65.	

In	this	study,	we	sought	to	estimate	the	effect	of	smoking	on	the	one-year	risk	of	

frailty	among	women	with	and	at	risk	for	HIV	infection.	We	hypothesized	that	the	risk	of	

frailty	would	be	higher	for	women	with	smoking	exposure	compared	to	women	without	

smoking	exposure.	We	also	investigated	whether	the	effect	of	smoking	exposure	would	be	

more	pronounced	among	women	with	HIV	than	in	women	at	risk	for	HIV	infection,	since	

evidence	suggests	that	the	effect	of	smoking	on	some	aging-related	diseases	is	greater	

among	people	with	HIV	than	in	people	without	HIV.		
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Methods	

Study	Sample	

The	Women’s	Interagency	HIV	Study	(WIHS)	is	a	multisite,	prospective	cohort	of	

women	with	or	at	risk	for	HIV	designed	to	characterize	the	progression	of	HIV	infection	in	

women	[55].	This	study	included	data	from	eight	WIHS	sites	located	in	Brooklyn,	NY;	San	

Francisco,	CA;	Chicago,	IL;	Washington,	DC;	Atlanta,	GA;	Chapel	Hill,	NC;	Miami,	FL;	and	

Birmingham,	AL/Jackson,	MS[55-57].	Institutional	review	board	approval	was	obtained	at	

each	site	and	written	informed	consent	was	obtained	from	all	women.	At	semiannual	

follow-up	visits,	the	WIHS	collects	a	wide	range	of	data,	including	demographic	and	

psychosocial	characteristics[55-57].	Methods	have	been	described	in	detail	elsewhere[55-57].	

This	analysis	was	restricted	to	women	>	40	years	who	had	two	frailty	assessments	taken	

over	approximately	a	one-year	period	of	follow-up	between	October	1,	2015	and	

September	30,	2017.	Women	with	missing	data	were	considered	incomplete	cases	and	

excluded	(Appendix	Figure	1).	Overall,	424	women	had	two	frailty	assessments	taken	

approximately	a	year	apart	during	this	study	period.	Of	these	424	women,	46	were	

excluded	due	to	frail	status	at	the	baseline	visit	and	1	was	excluded	due	to	missing	data	on	

income.	This	resulted	in	a	final	sample	of	377	women	for	whom	data	was	analyzed	to	

estimate	the	effect	of	smoking	exposure	on	the	one-year	risk	of	frailty.	

	

Outcome	definition	

Starting	on	October	1,	2015,	the	WIHS	protocol	has	included	the	measurement	of	

frailty	components	and	assigned	frailty	status	among	women	who	are	40	years	of	age	and	

older.	The	Fried	Frailty	Index	(henceforth,	FFI),	a	tool	validated	in	the	Cardiovascular	
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Health	Study	(CHS),	is	used	to	operationalize	the	frailty	phenotype	based	on	five	

components:	weakness,	slowness,	unintentional	weight	loss,	low	activity,	and	

exhaustion[24].	Frail	status	was	defined	as	exceeding	the	component-specific	threshold	

(Table	1)	for	at	least	three	frailty	components,	pre-frail	status	was	defined	as	exceeding	the	

threshold	for	two	frailty	components,	and	robust	status	was	defined	as	exceeding	the	

threshold	for	no	more	than	one	frailty	component[24].	As	in	the	CHS,	two	performance-

based	measures,	grip	strength	and	walking	speed,	operationalized	the	FFI	components	of	

weakness	and	slowness.	Grip	strength	was	measured	by	squeezing	a	Jamar	dynamometer	

with	maximum	force	using	the	dominant	hand,	and	the	highest	value	(greatest	strength)	of	

three	attempts	was	used	for	analysis.	Walking	speed	was	measured	in	seconds	by	a	timed	

four-meter	walk,	and	the	fastest	time	of	two	attempts	was	used	for	analysis.	Three	ongoing,	

prospectively	collected,	self-reported	measures	in	the	WIHS	operationalized	the	FFI	

components	of	unintentional	weight	loss,	low	activity,	and	exhaustion[38].	

Performance-based	measures	were	assessed	at	least	every	other	semiannual	visit.	

Exhaustion	and	low	physical	activity	were	assessed	at	every	other	semiannual	visit	and	

unintentional	weight	loss	was	assessed	at	each	semiannual	visit.	The	two	most	recent	

performance-based	measurements	were	used	to	estimate	the	one-year	risk	of	frailty.	If	any	

of	the	self-reported	frailty	components	were	missing,	the	closest	previous	or	subsequent	

value	that	occurred	within	two	visits	of	each	performance-based	measurement	was	used.		

	

Exposure	Definition	and	Covariates	

	 There	were	two	primary	exposures	in	this	study	which	included	current	cigarette	

smoking	status	(smoker	or	non-smoker)	and	the	number	of	cigarette	smoking	pack-years	
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at	the	baseline	visit.	At	each	semiannual	visit,	women	self-report	smoking	status,	with	

women	classified	as	current	smokers	if	they	answer	“yes”	to	the	following	question:	“Since	

your	study	visit	on…have	you	smoked	cigarettes?”	Additional	smoking	data	are	collected	at	

each	semiannual	visit	and	smoking	pack-years	were	determined	based	on	participants’	

self-reported	average	number	of	cigarettes	or	packs	smoked	per	day.	To	calculate	the	

number	of	smoking	pack-years,	the	number	of	packs	smoked	per	day	was	averaged	across	

all	visits	with	non-missing	values	and	was	multiplied	by	the	number	of	years	having	

smoked.		

The	following	covariates	were	determined	at	the	baseline	visit	and	utilized	as	

confounders:	age	(40-84	years),	race/ethnicity	(black	non-Hispanic,	all	other	

races/ethnicities),	education	(<high	school,	high	school,	and	>high	school),	annual	

household	income	(≤12,000,	>$12,000),	region	(Midwest,	Northeast,	South,	and	West),	

heavy	weekly	alcohol	use	(≤7	drinks,	>7	drinks),	and	any	other	recreational	drug	use	(yes,	

no).	If	any	exposure	or	covariate	values	were	missing	at	the	baseline	visit,	the	last	reported	

values	were	used.		

	

Statistical	Analysis	

	 Participant	characteristics	were	summarized	according	to	current	smoking	status	

using	percent	or	median	with	interquartile	range	(IQR),	as	appropriate.	Potential	

confounders	were	hypothesized	from	the	literature	and	identified	using	a	directed	acyclic	

graph	(Appendix	Figure	2)[58].	Stabilized	inverse-probability-of-treatment	weights	were	

used	to	produce	estimates	for	the	one-year	risk	of	frailty	comparing	current	smokers	to	

non-smokers,	and	were	constructed	using	two	logistic	regression	models.	The	first	model	
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estimated	the	unconditional	probability	of	being	a	current	cigarette	smoker,	and	the	

second	model	estimated	the	probability	of	being	a	current	cigarette	smoker	conditional	on	

measured	covariates.	The	final	stabilized	weight	for	the	exposed	was	the	marginal	

probability	of	being	a	current	cigarette	smoker	divided	by	the	participant’s	conditional	

probability	of	being	a	current	cigarette	smoker.	The	final	stabilized	weight	for	the	

unexposed	was	the	marginal	probability	of	not	being	a	current	cigarette	smoker	divided	by	

the	participant’s	conditional	probability	of	not	being	a	current	cigarette	smoker.	Key	

confounders	were	chosen	to	be	included	in	the	most	parsimonious	final	weighted	

(adjusted)	models	if	they	were	associated	with	the	exposure	in	the	conditional	logistic	

regression	model	(p<0.05).	A	weighted	log-binomial	model	was	used	to	estimate	

multivariable-adjusted	risk	ratios	(RR)	for	the	one-year	risk	of	frailty	comparing	current	

smokers	to	non-smokers.	A	weighted	linear-binomial	model	was	used	to	estimate	

multivariable-adjusted	risk	differences	(RD)	for	the	one-year	risk	of	frailty	comparing	

current	smokers	to	non-smokers.	Confidence	intervals	(CIs)	were	based	on	the	robust	

(Huber-White)	variance	estimator.	Smoking	pack-years	was	categorized	into	quintiles	to	

relax	linearity	assumptions.	The	two	highest	quintiles	of	the	exposure	distribution	

demonstrated	a	similar	magnitude	of	effect	on	the	one-year	risk	of	frailty	and	were	chosen	

as	the	cutoff	for	the	final	contrast	comparing	high	to	low	cumulative	smoking	exposure	in	

pack-years	(>7.5,	≥7.5).	As	described	above,	inverse-probability-of-treatment	weights	were	

similarly	constructed	to	produce	weighted	log-binomial	and	linear-binomial	models	

estimating	the	one-year	risk	of	frailty	comparing	women	whose	cumulative	smoking	

exposure	was	more	than	7.5	pack-years	to	women	whose	cumulative	smoking	exposure	

was	less	than	or	equal	to	7.5	pack-years,	after	adjustment	for	key	confounders.	As	a	
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sensitivity	analysis,	we	compared	our	results	with	those	using	an	alternate	definition	for	

smoking	pack-years.	If	the	self-reported	average	number	of	cigarettes	or	packs	smoked	per	

day	at	any	semiannual	visit	was	missing,	the	previous	non-missing	value	was	carried	

forward	until	it	was	replaced	by	the	next	non-missing	value.	To	calculate	the	number	of	

smoking	pack-years	using	the	alternate	definition,	the	number	of	packs	smoked	per	day	

across	each	visit	was	averaged	and	multiplied	by	the	number	of	years	having	smoked.	Data	

analyses	were	performed	using	SAS	software	version	9.3	(SAS	Institute	Inc.,	Cary,	NC).	

	

Results	

Baseline	characteristics	of	the	sample	participants	are	presented	in	Table	4.	The	

median	age	was	53	years	(IQR:	48-58).	The	majority	of	women	were	black	non-Hispanic	

(76%).	Current	non-smokers	were	more	likely	to	have	an	annual	household	income	greater	

than	$12,000	(64%	vs.	33%)	and	at	least	a	high	school	education	(80%	vs.	63%).	The	

overall	prevalences	of	heavy	weekly	alcohol	use	and	any	other	recreational	drug	use	were	

12%	and	24%,	respectively,	with	heavy	weekly	alcohol	use	and	any	other	recreational	drug	

use	more	common	among	current	smokers.	

Overall,	the	one-year	risk	of	frailty	was	6.6%	(n=25/377).	Table	5	presents	the	

crude	and	adjusted	RRs	and	RDs	for	the	one-year	risk	of	frailty	comparing	current	smokers	

to	non-smokers.	In	unadjusted	analyses,	current	smokers	were	more	likely	to	become	frail	

compared	to	non-smokers	(crude	RR	=	2.20;	95%	CI:	1.01,	4.76).	After	adjustment	for	

confounding,	including	any	other	recreational	drug	use,	this	effect	was	attenuated,	such	

that	current	smokers	were	1.68	times	as	likely	to	become	frail	compared	to	current	non-

smokers	(95%	CI:	0.69,	4.06).	After	adjustment	for	confounding,	results	were	similar	when	
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adjusting	only	for	heroin,	crack,	cocaine,	or	injection	drug	use	rather	than	any	other	

recreational	drug	use	(RR	=	1.61;	95%	CI:	0.64,	4.03).	

Table	6	presents	the	crude	and	adjusted	RRs	and	RDs	for	the	one-year	risk	of	frailty	

comparing	cumulative	smoking	exposure	in	pack-years.	For	each	five-unit	increase	in	

smoking	pack-years,	women	were	1.15	times	as	likely	to	become	frail	(95%	CI:	1.01,	1.31).	

The	median	(IQR)	of	smoking	pack-years	for	each	quintile	was	0.0	(0.0-0.0),	0.4	(0.2,	0.8),	

4.3	(2.7,	6.0),	10.3	(8.8,	12.9),	and	21.8	(18.0-28.9).		After	adjustment	for	confounding,	

women	who	smoked	at	least	7.5	pack-years	were	2.72	times	as	likely	to	become	frail	than	

women	who	smoked	less	than	7.5	pack-years	(95%	CI:	0.96,	7.67).	After	adjustment	for	

confounding,	the	effect	was	more	pronounced	when	adjusting	only	for	heroin,	crack,	

cocaine,	or	injection	drug	use	rather	than	any	other	recreational	drug	use	(RR	=	3.22;	95%	

CI:	1.17,	8.86).	

In	restricting	analyses	to	women	with	HIV	only	(Table	7),	this	effect	also	appeared	

to	be	more	pronounced;	women	whose	cumulative	smoking	exposure	was	at	least	7.5	pack-

years	were	4.10	times	as	likely	to	become	frail	over	the	one-year	follow-up	period	than	

women	whose	cumulative	smoking	exposure	was	less	than	7.5	pack-years	(95%	CI:	1.22,	

13.78).	In	sensitivity	analyses,	results	were	qualitatively	similar	when	using	the	alternate	

definition	for	calculating	smoking	pack-years	(Table	8).	

	

Discussion	

We	demonstrated	that	reported	cigarette	smoking	increased	the	one-year	risk	of	

frailty	in	this	sample	of	US	women	with	and	at	risk	for	HIV	infection.	Our	results	suggest	

that	women	who	reported	higher	levels	of	cumulative	exposure	to	smoking,	reflected	by	a	
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higher	number	of	smoking	pack-years,	are	at	an	increased	risk	for	frailty.	This	latter	effect	

could	be	more	pronounced	among	women	with	HIV.	These	results	persisted	after	

adjustment	for	confounding	factors	including	heavy	alcohol	use	and	recreational	drug	use.		

A	sample	of	over	40,000	women	in	the	US	general	population	aged	65	and	older,	

reported	that	the	unadjusted	odds	ratio	for	developing	frailty	over	a	three-year	period	for	

current	smokers	and	former	smokers	compared	to	never	smokers	was	2.90	(95%	CI:	2.35,	

3.57)	and	1.12	(95%	CI:	1.02,	1.23),	respectively[25].	Though	there	are	no	US	studies	

estimating	the	independent	effect	of	smoking	on	frailty	risk,	one	recent	longitudinal	study	

among	a	nationally	representative	sample	of	2,542	adults	aged	60	and	older	in	England	

found	that	current	smokers	were	2.07	times	(95%	CI:	1.39,	3.39)	as	likely	to	develop	frailty	

over	four	years	of	follow-up	compared	to	non-smokers,	adjusting	for	age	and	gender[43].	

This	effect	was	attenuated	to	1.60	(95%	CI:	1.02,	2.51)	after	adjustment	for	age,	gender,	

SES,	alcohol	use,	cognitive	function	and	loneliness[43].	In	our	US	study	population	of	women	

with	and	at	risk	for	HIV	infection,	our	results	estimating	the	independent	effect	of	current	

smoking	status	on	frailty	risk	were	comparable	to	the	previous	study	among	the	English	

general	population	of	those	aged	60	and	older[43].		

In	the	US	general	population,	substance	use	is	more	common	among	smokers	than	

non-smokers[67].	However,	the	independent	effect	of	substance	use	on	the	risk	of	frailty	

remains	unknown.	One	study	found	that	the	co-occurrence	of	injection	drug	use	and	

hepatitis	C	infection	was	associated	with	DNA	methylation	signatures	that	were	reflective	

of	a	higher	degree	of	frailty	among	HIV-infected	men[61].	In	our	study	population,	

recreational	drug	use	was	more	prevalent	than	in	the	US	general	population[68].	To	ensure	

comparability	to	HIV-seropositive	women,	HIV-seronegative	women	with	HIV-related	risk	
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characteristics,	such	as	injection	drug	use,	were	targeted	for	recruitment	into	the	WIHS[55].	

Thus,	in	our	study	results	were	presented	with	and	without	adjustment	for	recreational	

drug	use.	After	additional	adjustment	for	this	factor	we	observed	a	similar	magnitude	of	

effect	as	the	previous	study	among	the	English	population	comparing	the	risk	of	frailty	

between	current	smokers	and	non-smokers	[43].	

Smoking	was	also	assessed	in	pack-years,	which	is	one	way	to	measure	cumulative	

exposure	to	smoking.	Research	shows	that	this	measure	can	be	useful	in	accounting	for	

both	the	duration	and	intensity	of	smoking,	details	that	are	lost	when	using	current	

smoking	status	alone	[69,	70].	We	observed	a	more	pronounced	effect	when	assessing	the	

effect	of	cumulative	smoking	exposure	using	smoking	pack-years.	After	adjustment	for	

confounding	factors,	we	demonstrated	that	a	higher	number	of	smoking	pack-years	was	

associated	with	an	increased	one-year	risk	of	frailty.	In	our	study	population,	current	

smokers	had	higher	levels	of	cumulative	smoking	exposure	(median	[IQR]	for	smoking	

pack-years:	12.4	[8.0-19.2])	compared	to	former	smokers	(median[IQR]	for	smoking	pack-

years:	4.2	[1.2-9.8]).	Given	that	the	effect	was	more	pronounced	when	considering	

cumulative	smoking	exposure,	results	suggest	that	in	addition	to	current	smoking	

exposure,	the	intensity	and	duration	of	smoking	exposure	may	play	a	pivotal	role	in	frailty	

development.		

There	are	several	mechanisms	through	which	smoking	can	cause	a	variety	of	aging-

related	diseases;	these	mechanisms	include	increased	levels	of	inflammatory	markers	and	

enhanced	oxidative	stress[48,	71].	Among	men	and	women	in	the	English	Longitudinal	Study	

of	Aging,	one	study	found	that	higher	levels	of	C-reactive	protein	and	fibrinogen	were	

associated	with	increased	frailty	risk	among	women	but	not	among	men,	and	persisted	
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after	adjustment	for	confounding	factors	including	current	smoking	status[72].	People	with	

HIV	have	higher	levels	of	some	inflammatory	markers	independent	of	smoking,	even	

among	those	who	are	virally	suppressed[73,	74].	In	our	study,	the	effect	of	cumulative	

smoking	exposure	on	frailty	risk	was	more	apparent	among	women	with	HIV.	Given	

previous	evidence[48,	71-74],	it	is	plausible	that	the	combination	of	smoking	exposure	and	HIV	

infection	on	inflammatory	processes	could	contribute	to	an	increased	risk	of	frailty	among	

this	population.	

There	are	some	limitations	to	our	study.	First,	some	women	had	incomplete	data	on	

all	five	frailty	components	at	both	the	baseline	visit	and	the	follow-up	visit	over	the	one-

year	period	(Appendix	Table	2).	However,	among	women	with	at	least	one	frailty	

assessment	during	this	study	period,	the	distributions	for	current	smoking	exposure	

(n=[569/1404]=	41%)	and	frailty	(n=[161/1404]=11%)	were	similar	to	the	baseline	

distributions	among	those	women	with	two	frailty	assessments,	which	were	41%	

(n=172/424)	and	11%	(n=46/424),	respectively.	Second,	though	identification	of	potential	

confounders	was	informed	by	a	DAG	and	final	selection	was	determined	by	a	conditional	

regression	model,	it	is	possible	that	unmeasured	confounding	could	help	explain	our	

results.	Third,	frailty	can	be	episodic	in	the	short-term.	However,	our	study	sought	to	assess	

whether	smoking	could	have	an	effect	on	frailty	even	over	a	relatively	short	period	of	

follow-up.	Our	results	were	also	consistent	with	the	limited	number	of	prospective	studies	

reporting	that	exposure	to	cigarette	smoking	is	a	risk	factor	for	frailty	over	longer	periods	

of	follow-up.	Future	studies	are	needed	to	assess	the	long-term	impacts	of	various	levels	of	

smoking	exposure	as	a	cause	of	frailty	among	women	with	and	at	risk	for	HIV	infection.	

Lastly,	the	RR	and	RD	estimating	the	risk	of	frailty	were	imprecise.	However,	our	observed	
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magnitudes	of	effect	were	similar	to	those	from	the	previous	longitudinal	study	among	

English	adults	in	the	general	population	comparing	the	four-year	risk	of	frailty	between	

current	smokers	and	non-smokers[43].	Our	results	were	also	robust	to	using	two	separate	

measures	of	exposure	to	smoking,	which	included	current	smoking	status	and	smoking	

pack-years.	The	pattern	of	increased	frailty	risk	for	higher	levels	of	smoking	exposure	was	

consistent.		

This	study	demonstrated	that	smoking	is	independently	associated	with	an	

increased	frailty	risk,	even	over	a	one-year	period	of	follow-up,	among	women	with	and	at	

risk	for	HIV	infection	who	are	younger	than	65	years	of	age.	This	study	gives	weight	to	

evidence	that	smoking	is	an	independent	risk	factor	for	frailty,	and	suggests	that	the	

intensity	and	duration	of	smoking	could	play	a	crucial	role	in	frailty	development,	rather	

than	current	smoking	alone.	Future	studies	are	needed	to	determine	the	long-term	effects	

of	various	levels	of	smoking	on	the	risk	of	frailty,	and	the	impact	that	targeted	smoking	

interventions	could	have	in	reducing	frailty	among	women	with	and	without	HIV	infection.
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Table	4.	Baseline	Characteristics	of	Sample	Participants	by	Current	Smoking	Status	in	the	Women’s	Interagency	HIV	Study,	

2015-2017.	

	 Non-Smoker	

(n=224)	

Smoker	

(n=153)	

Overall	

(n=377)	Characteristic	

	 N	 %	 N	 %	 N	 %	

Age	(years)a																																 53	(48-58)	 52	(48-59)	 53	(48-58)	

Regionb	 Midwest	 49	 21.9	 63	 41.2	 112	 29.7	

Northeast	 74	 33.0	 24	 15.7	 98	 26.0	

South	 64	 28.6	 34	 22.2	 98	 26.0	

West	 37	 16.5	 32	 20.9	 69	 18.3	

HIV	Status	 Negative	 60	 26.8	 41	 26.8	 101	 26.8	

Positive	 164	 73.2	 112	 73.2	 276	 73.2	

Race/Ethnicity		 Black	Non-Hispanic	 158	 70.5	 128	 83.7	 286	 75.9	

All	Other	Races	 66	 29.5	 25	 16.3	 91	 24.1	

Education					 <High	School	 46	 20.5	 57	 37.3	 103	 27.3	

High	School	 67	 29.9	 52	 34.0	 119	 31.6	

>High	School	 111	 49.6	 44	 28.8	 155	 41.1	

Annual	Household	Income	 ≤$12,000	 81	 36.2	 102	 66.7	 194	 51.5	

>$12,000	 143	 63.8	 51	 33.3	 183	 48.5	

Alcohol	Use	(drinks/week)	 ≤7	 205	 91.5	 126	 82.4	 331	 87.8	

>7	 19	 8.5	 27	 17.7	 46	 12.2	

Any	Other	Recreational	Drug	Usec	 Yes	 29	 13.0	 62	 40.5	 91	 24.1	

Abbreviations:	WIHS,	Women’s	Interagency	HIV	Study		
aMedian	(interquartile	range)	
bSite	categorization:	Midwest	(Chicago,	IL),	Northeast	(Brooklyn,	NY;	Washington,	DC),	South	(Atlanta,	GA;	Chapel	Hill,	NC;	

Miami,	FL;	Birmingham,	AL/Jackson,	MS),	West	(San	Francisco,	CA)	
cAny	other	recreational	drug	use:	crack	cocaine,	cocaine,	heroin,	methadone,	methamphetamines,	amphetamines,	marijuana,	

prescription	drug	abuse,	or	other	recreational	drug	use	 	

6
2
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Table	5.	One-Year	Crude	and	Adjusted	Risk	Ratios	and	Risk	Differences	for	Frailty	by	Current	Smoking	Status	in	the	Women’s	

Interagency	HIV	Study	Using	Stabilized	Inverse-Probability-of-Treatment	Weighting,	2015-2017	(n=377).	

	Model	 RR	(95%	CI)	 RD	(95%	CI)	
Mean	(Range)		

of	Stabilized	Weights	

Crude	 	 	 -	

Non-smoker	 1.00	 0.00	 	

Smoker	 2.20	(1.01,	4.76)	 0.05	(0.00,	0.11)	 	

Fully-Adjusteda	 	 	 1.00	(0.46,	4.89)	

Non-smoker		 1.00	 0.00	 	

Smoker	 2.04	(0.85,	4.87)	 0.05	(-0.02,	0.11)	 	

Fully-Adjustedb	 	 	 1.02	(0.42,	11.08)	

Non-smoker		 1.00	 0.00	 	

Smoker	 1.61	(0.64,	4.03)	 0.03	(-0.03,	0.09)	 	

Fully-Adjustedc	 	 	 1.01	(0.43,	10.16)	

Non-smoker		 1.00	 0.00	 	

Smoker	 1.68	(0.69,	4.06)	 0.03	(-0.02,	0.09)	 	

Abbreviations:	RR,	Risk	Ratio;	CI,	Confidence	Interval;	RD,	Risk	Difference	
aWeighted	model	adjusts	for	age	(continuous),	education,	heavy	alcohol	use,	income,	race,	region		
bWeighted	model	adjusts	for	age	(continuous),	education,	heavy	alcohol	use,	income,	limited	recreational	drug	use	((injection	

drug	use,	or	use	of	heroin,	crack,	cocaine),	none),	race,	region		
cWeighted	model	adjusts	for	age	(continuous),	education,	heavy	alcohol	use,	income,	any	other	recreational	drug	use	(crack	

cocaine,	cocaine,	heroin,	methadone,	methamphetamines,	amphetamines,	marijuana,	prescription	drug	abuse,	or	other	

recreational	drug	use),	none),	race,	region	

	 	

6
3
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Table	6.	One-Year	Crude	and	Adjusted	Risk	Ratios	and	Risk	Differences	for	Frailty	by	Cigarette	Smoking	Pack-Years	in	the	

Women’s	Interagency	HIV	Study	Using	Stabilized	Inverse-Probability-of-Treatment	Weighting,	2015-2017	(n=377).	

	Model	 Cases	 N	 RR	(95%	CI)	 RD	(95%	CI)	
Mean	(Range)		

of	Stabilized	Weights	

Crude	(Linear)	
	 	 	 	

	

Continuous	(5-unit	increment)	 25	 377	 1.15	(1.01,	1.31)	 0.01	(0.00,	0.03)	 -	

Quintiles	(1-unit	increment)	 25	 377	 1.29	(0.99,	1.67)	 0.01	(0.00,	0.03)	 -	

Crude	(Categorical)	 	 	 	 	 -	

≤7.5	 8	 226	 1.00	 0.00	 	

>7.5	 17	 151	 3.18	(1.41,	7.18)	 0.08	(0.02,	0.13)	 	

Fully-Adjusteda	 	 	 	 	 1.51	(0.45,	5.75)	

≤7.5	 8	 226	 1.00	 0.00	 	

>7.5	 17	 151	 2.86	(1.05,	7.78)	 0.09	(0.01,	0.17)	 	

Fully-Adjustedb	 	 	 	 	 1.57	(0.46,	7.38)	

≤7.5	 8	 226	 1.00	 0.00	 	

>7.5	 17	 151	 3.22	(1.17,	8.86)	 0.11	(0.02,	0.19)	 	

Fully-Adjustedc	 	 	 	 	 1.70	(0.47,	7.10)	

≤7.5	 8	 226	 1.00	 0.00	 	

>7.5	 17	 151	 2.72	(0.96,	7.67)	 0.09	(0.00,	0.17)	 	

Abbreviations:	RR,	Risk	Ratio;	CI,	Confidence	Interval;	RD,	Risk	Difference	
aWeighted	model	adjusts	for	age	(continuous),	education,	heavy	alcohol	use,	income,	race,	region		
bWeighted	model	adjusts	for	age	(continuous),	education,	heavy	alcohol	use,	income,	limited	recreational	drug	use	((injection	

drug	use,	or	use	of	heroin,	crack,	cocaine),	none),	race,	region		
cWeighted	model	adjusts	for	age	(continuous),	education,	heavy	alcohol	use,	income,	any	other	recreational	drug	use	(crack	

cocaine,	cocaine,	heroin,	methadone,	methamphetamines,	amphetamines,	marijuana,	prescription	drug	abuse,	or	other	

recreational	drug	use),	none),	race,	region	

6
4
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Table	7.	One-Year	Crude	and	Adjusted	Risk	Ratios	and	Risk	Differences	for	Frailty	by	Cigarette	Smoking	Pack-Years	Among	
Women	with	HIV	in	the	Women’s	Interagency	HIV	Study	Using	Stabilized	Inverse-Probability-of-Treatment	Weighting,	2015-
2017	(n=276).	

	Model	 Cases	 N	 RR	(95%	CI)	 RD	(95%	CI)	
Mean	(Range)		

of	Stabilized	Weights	

Crude	(Linear)	 	 	 	 	 	

Continuous	(5-unit	increment)	 18	 276	 1.21	(1.03,	1.43)	 0.02	(0.00,	0.04)	 -	

Quintiles	(1-unit	increment)	 18	 276	 1.34	(0.99,	1.82)	 0.01	(0.00,	0.03)	 -	

Crude	(Categorical)	 	 	 	 	 -	

≤7.5	 6	 169	 1.00	 0.00	 	

>7.5	 12	 107	 3.16	(1.22,	8.16)	 0.08	(0.01,	0.14)	 	

Fully-Adjusteda	 	 	 	 	 1.54	(0.46,	6.64)	

≤7.5	 6	 169	 1.00	 0.00	 	

>7.5	 12	 107	 4.32	(1.39,	13.42)	 0.13	(0.02,	0.23)	 	

Fully-Adjustedb	 	 	 	 	 1.75	(043,	19.19)	

≤7.5	 6	 169	 1.00	 0.00	 	

>7.5	 12	 107	 4.90	(1.49,	16.08)	 0.15	(0.01,	0.29)	 	

Fully-Adjustedc	 	 	 	 	 1.84	(0.45,	11.43)	

≤7.5	 6	 169	 1.00	 0.00	 	

>7.5	 12	 107	 4.10	(1.22,	13.78)	 0.12	(0.01,	0.23)	 	

Abbreviations:	RR,	Risk	Ratio;	CI,	Confidence	Interval;	RD,	Risk	Difference	
aWeighted	model	adjusts	for	age	(continuous),	education,	heavy	alcohol	use,	income,	race,	region		
bWeighted	model	adjusts	for	age	(continuous),	education,	heavy	alcohol	use,	income,	limited	recreational	drug	use	((injection	

drug	use,	or	use	of	heroin,	crack,	cocaine),	none),	race,	region		
cWeighted	model	adjusts	for	age	(continuous),	education,	heavy	alcohol	use,	income,	any	other	recreational	drug	use	(crack	

cocaine,	cocaine,	heroin,	methadone,	methamphetamines,	amphetamines,	marijuana,	prescription	drug	abuse,	or	other	

recreational	drug	use),	none),	race,	region	

6
5
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Table	8.	One-Year	Crude	and	Adjusted	Risk	Ratios	and	Risk	Differences	for	Frailty	by	Cigarette	Smoking	Pack-Years	Using	

Alternate	Definition	in	the	Women’s	Interagency	HIV	Study	and	Stabilized	Inverse-Probability-of-Treatment	Weighting,	2015-

2017	(n=377).	

	Model	 Cases	 N	 RR	(95%	CI)	
RD	(95%	CI)	 Mean	(Range)		

of	Stabilized	Weights	

Crude	(Linear)	 	 	 	 	 	

Continuous	(5-unit	increment)	 25	 377	 1.15	(1.01,	1.30)	 0.01	(0.00,	0.03)	 -	

Quintiles	(1-unit	increment)	 25	 377	 1.26	(0.98,	1.64)	 0.01	(0.00,	0.03)	 -	

Crude	(Categorical)	 	 	 	 	 -	

≤7.5	 9	 226	 1.00	 0.00	 	

>7.5	 16	 151	 2.66	(1.21,	5.86)	 0.07	(0.01,	0.12)	 	

Fully-Adjusteda	 	 	 	 	 1.45	(0.47,	5.02)	

≤7.5	 9	 226	 1.00	 0.00	 	

>7.5	 16	 151	 2.90	(1.11,	7.55)	 0.09	(0.01,	0.17)	 	

Fully-Adjustedb	 	 	 	 	 1.53	(0.46,	8.08)	

≤7.5	 9	 226	 1.00	 0.00	 	

>7.5	 16	 151	 3.32	(1.25,	8.80)	 0.11	(0.02,	0.20)	 	

Fully-Adjustedc	 	 	 	 	 1.64	(0.48,	6.26)	

≤7.5	 9	 226	 1.00	 0.00	 	

>7.5	 16	 151	 2.80	(1.04,	7.56)	 0.09	(0.01,	0.17)	 	

Abbreviations:	RR,	Risk	Ratio;	CI,	Confidence	Interval;	RD,	Risk	Difference	
aWeighted	model	adjusts	for	age	(continuous),	education,	heavy	alcohol	use,	income,	race,	region		
bWeighted	model	adjusts	for	age	(continuous),	education,	heavy	alcohol	use,	income,	limited	recreational	drug	use	((injection	

drug	use,	or	use	of	heroin,	crack,	cocaine),	none),	race,	region		
cWeighted	model	adjusts	for	age	(continuous),	education,	heavy	alcohol	use,	income,	any	other	recreational	drug	use	(crack	

cocaine,	cocaine,	heroin,	methadone,	methamphetamines,	amphetamines,	marijuana,	prescription	drug	abuse,	or	other	

recreational	drug	use),	none),	race,	region	 	

6
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CHAPTER	6.	CONCLUSION	

	

SUMMARY	OF	FINDINGS	 	

This	project	sought	to	estimate	the	prevalence	and	one-year	risk	of	frailty,	and	

examine	the	effect	of	cigarette	smoking	on	the	one-year	risk	of	frailty	among	a	US	cohort	of	

women	with	and	at-risk	for	HIV	infection	who	were	at	least	40	years	of	age.	In	summary,	

we	demonstrated	that	the	prevalence	and	one-year	risk	of	frailty	among	women	in	their	

mid-fifties	with	and	at	risk	for	HIV	was	comparable	to	women	in	the	general	population	

who	are	at	least	65	years	of	age.	Our	findings	also	indicated	that	reported	exposure	to	

cigarette	smoking	increased	the	risk	for	frailty	among	women	with	and	at	risk	HIV	

infection.		

For	aim	one,	we	showed	that	the	prevalence	of	frailty	in	this	US	sample	of	women	

with	and	at	risk	for	HIV	was	11.5%	(10%	for	HIV+;	15%	for	HIV-).	After	validating	the	FFI,	

the	CHS	estimated	baseline	frailty	prevalence	among	adults	in	the	general	population	aged	

65	and	older	was	7%	among	women	and	5%	among	men[24].	Another	study	among	a	

representative	sample	of	Medicare	enrollees	aged	65	in	the	National	Health	and	Aging	

Trends	Study	estimated	frailty	prevalence	using	the	FFI	was	17%	among	women	and	13%	

among	men[31].	Lastly,	a	previous	analysis	in	the	WIHS	using	data	from	2005,	estimated	

frailty	prevalence	using	the	FFI	was	17%	among	women	with	HIV	and	10%	among	women	

at	risk	for	HIV[38].	However,	in	contrast	to	the	two	previous	studies	using	the	FFI,	we	chose
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to	use	the	cut	points	for	grip	strength	and	walking	speed	that	were	validated	in	the	general	

population	by	Fried,	rather	than	using	the	highest	and	lowest	quintiles	of	the	distributions	

from	our	HIV-seronegative	population[38]	or	the	population	distribution[31]	for	walking	

speed	and	grip	strength,	respectively.	This	approach	allowed	us	to	compare	the	

performance	on	frailty	measures	of	the	WIHS	population	to	the	CHS	population	of	women	

who	were	at	least	65	years	of	age	(11%	vs.	7%)[24].		

We	also	showed	that	the	prevalence	and	distribution	of	frailty	components	among	

the	frail,	pre-frail,	and	robust	were	comparable	for	women	with	and	at	risk	for	HIV.	The	

most	common	frailty	components	were	low	physical	activity	and	exhaustion,	which	the	

prevalence	among	frail	women	was	98%	and	88%,	respectively.	The	previous	study	among	

older	adults	in	Australia	receiving	rehabilitation	and	aged	care	services,	found	that	low	

physical	activity	and	exhaustion	were	also	the	most	common	frailty	components	at	65%	

and	63%[33].	We	also	determined	that	the	most	common	combinations	of	frailty	

components	for	both	pre-frail	and	frail	women	included	low	physical	activity	and	

exhaustion.		

For	aim	two,	the	one-year	risk	of	frailty	was	6.6%	(95%	CI:	4.1,	9.1),	and	risks	were	

similar	for	women	with	and	at	risk	for	HIV.	The	original	study	validating	the	FFI	in	the	CHS,	

estimated	that	the	four-year	risk	of	frailty	among	men	and	women	in	the	general	

population	aged	65	and	older	was	7%[24].	A	nationally	representative	sample	of	women	in	

the	general	population	aged	65-79	in	the	WHI-OS	reported	the	three-year	risk	of	frailty	was	

15%[25].	Many	risk	factors	that	were	associated	with	an	increased	three-year	risk	of	frailty	

in	the	WHI-OS	are	more	common	in	the	WIHS	cohort[25].	For	example,	the	prevalence	of	

women	with	an	annual	household	income	less	than	$20,000	was	14%,	and	these	women	
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were	2.0	times	as	likely	to	become	frail	over	a	three-year	period	compared	to	women	with	

an	annual	household	income	of	$75,000	or	more	(95%	CI:	1.6,	2.4)[25].	In	our	sample	

estimating	the	one-year	risk	of	frailty	among	women	with	and	at	risk	for	HIV,	55%	of	

women	had	an	annual	household	income	that	was	no	more	than	$18,000.		

For	aim	three,	we	revealed	that	reported	exposure	to	cigarette	smoking	was	

associated	with	an	increased	one-year	risk	of	frailty	among	women	with	and	at	risk	for	HIV.	

Though	the	sample	was	not	large	enough	to	detect	a	significant	difference,	current	smokers	

were	1.68	times	(95%	CI:	0.69,	4.06)	as	likely	to	become	frail	over	a	one-year	period	

compared	to	non-smokers,	adjusting	for	confounding	factors.	Also,	women	with	higher	

cumulative	exposure	to	smoking,	reflected	by	a	higher	number	of	smoking	pack-years	

(>7.5,	≤7.5),	demonstrated	an	increased	one-year	risk	for	frailty,	adjusting	for	confounding	

factors,	and	this	effect	appeared	to	be	more	apparent	among	women	with	HIV	(RR:	4.1;	

95%	CI:	1.2,	13.8).	The	recent	longitudinal	study	among	a	nationally	representative	sample	

of	2,542	adults	aged	60	and	older	in	England	found	that	current	smokers	were	1.60	times	

(95%	CI:	1.02,	2.51)	as	likely	to	develop	frailty	over	four	years	of	follow-up	compared	to	

non-smokers,	adjusting	for	other	factors[43].	In	our	study	population	of	women	in	their	mid-

fifties	with	and	at	risk	for	HIV	infection,	we	also	observed	a	similar	magnitude	of	effect	

comparing	smokers	to	non-smokers	over	a	one-year	period	after	adjustment	for	

confounding	factors.		

	

LIMITATIONS	

This	project	is	not	without	limitations.	Women	with	missing	data	for	performance-

based	measures	(grip	strength	and	walking	speed)	were	excluded	from	analyses.	We	did	
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seek	to	examine	the	assumption	that	these	missing	data	were	not	related	to	frailty,	HIV	

status,	or	smoking	status.	We	examined	the	distributions	of	the	other	three	frailty	

components	that	were	adequately	captured	for	women	at	least	40	years	old	during	the	

study	period.	We	found	that	the	distributions	for	HIV	status,	smoking	status,	and	the	other	

three	components	among	excluded	women	were	similar	to	those	of	women	included	in	our	

analyses.	We	also	found	the	distributions	for	current	smoking	exposure	and	frailty	for	

women	with	at	least	one	frailty	assessment	during	this	study	period	were	similar	to	the	

baseline	distributions	among	those	women	with	two	frailty	assessments.	We	also	assessed	

the	reasons	women	reported	for	not	wanting	to	participate	in	any	performance-based	

measurements.	Among	eligible	women	who	declined	to	complete	any	performance-based	

measurements	within	the	study	period	(n=126),	10%	explicitly	reported	reasons	related	to	

inability,	illness,	or	tiredness,	and	the	distribution	of	HIV	status	was	similar	to	those	

included	in	our	study.	

A	second	limitation	of	this	project	is	that	the	period	of	follow-up	was	relatively	

short.	Frailty	can	episodic	in	the	short-term,	but	without	intervention,	transitions	to	a	

higher	degree	of	frailty	are	more	common	and	complete	reversal	from	frailty	to	robustness	

is	rare	among	elderly	people[64].	It	is	worth	noting	that	it	is	possible	that	variability	in	the	

short-term	could	result	in	misclassification	of	the	outcome.	However,	there	is	no	evidence	

to	suggest	that	misclassification	of	frailty	is	likely	to	be	differential	with	regard	to	smoking	

exposure.	This	project	sought	to	assess	whether	smoking	exposure	could	produce	an	effect	

on	frailty	even	over	a	relatively	short	period	of	follow-up.	Given	the	limited	longitudinal	

data	in	frailty	research,	especially	among	people	with	HIV,	it	is	still	of	interest	to	examine	

the	effect	of	modifiable	risk	factors	on	the	short-term	risk	of	frailty	among	women	with	and	
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at	risk	for	HIV	that	can	help	guide	future	research.	Our	results	were	also	consistent	with	

limited	prospective	studies	in	the	general	population	reporting	current	cigarette	smoking	

as	a	risk	factor	for	frailty	over	longer	periods	of	follow-up[43].		

Also,	estimates	for	the	risk	ratios	and	risk	differences	for	frailty	were	imprecise.	

However,	estimates	for	frailty	prevalence	and	incidence	were	comparable	between	our	

population	and	the	general	population	of	women	at	least	65	years	of	age,	and	this	pattern	

should	be	further	examined.	We	also	observed	a	similar	magnitude	of	effect	in	our	analyses	

to	the	previous	longitudinal	study	in	the	general	population	comparing	the	four-year	risk	of	

frailty	for	current	smokers	and	non-smokers[43].	Our	results	were	also	robust	to	using	two	

separate	measures	of	exposure	to	smoking,	and	the	pattern	of	increased	frailty	risk	for	

higher	levels	of	reported	exposure	to	smoking	was	consistent.	Lastly,	though	identification	

of	potential	confounders	was	informed	by	a	DAG	and	final	selection	was	driven	by	a	

conditional	regression	model,	it	is	possible	that	unmeasured	confounding	could	help	

explain	our	results.	

	

IMPLICATIONS	AND	FUTURE	RESEARCH	

Several	characteristics	associated	with	frailty	in	the	general	population	are	more	

prevalent	among	people	with	HIV[13,	49].	In	addition	to	older	age	and	female	gender,	

minority	race/ethnicity,	lower	SES,	geographic	location,	comorbidities,	poor	nutrition,	

smoking,	and	possibly	alcohol	consumption	are	all	characteristics	associated	with	frailty	[24,	

31,	38,	39,	43].	As	mentioned	previously,	people	with	HIV	are	more	likely	to	smoke	(42%)	

compared	to	the	general	population	(21%)[49].	In	our	study	population,	many	of	these	aging	

risk	factors	were	highly	prevalent	among	women	with	HIV,	but	some	were	even	more	
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prevalent	among	women	at	risk	for	HIV.	Thus,	it	is	likely	that	the	high	burden	of	these	aging	

risk	factors	among	women	with	and	at	risk	for	HIV	contributed	to	the	high	prevalence	and	

risk	of	frailty	in	these	populations	relative	to	the	general	population.	Future	longitudinal	

studies	are	needed	to	pinpoint	modifiable	risk	factors	that	will	reduce	frailty	among	

populations	vulnerable	to	frailty	at	ages	younger	than	65.		

We	also	found	that	low	physical	activity	and	exhaustion	were	the	most	common	

frailty	components	and	most	commonly	occurred	in	conjunction	with	each	other	among	

frail	and	pre-frail	women	with	and	at	risk	for	HIV.	The	previous	study	among	older	adults	

in	Australia	receiving	rehabilitation	and	aged	care	services,	found	that	tailored	

interventions	targeting	identified	characteristics	of	frailty	reduced	frailty	and	improved	

mobility	over	a	12-month	period	compared	to	usual	care[33].	For	example,	one	of	the	

tailored	interventions	for	frail	adults	with	exhaustion	included	a	referral	to	a	psychiatrist.	

Previous	studies	also	demonstrate	that	resistance	exercise	training	increases	strength	in	

older	adults,	despite	age-associated	decreases	in	muscle	mass[34].	Given	that	studies	

suggest	frailty	is	associated	with	increased	healthcare	costs,	independent	of	socio-

demographics	and	comorbidity,	identifying	populations	that	could	most	benefit	from	

interventions	to	reduce	frailty	could	have	significant	public	health	impact[28].	With	regard	

to	frailty	prevention,	this	project	gives	weight	to	the	recent	body	of	literature	suggesting	

that	reported	cigarette	smoking	exposure	may	play	a	causal	role	in	the	development	of	

frailty.	This	project	also	suggests	that	the	intensity	and	duration	of	smoking	exposure	could	

play	a	more	pivotal	role	in	frailty	development,	rather	than	current	smoking	exposure	

alone.	Future	studies	are	needed	to	determine	the	long-term	impacts	of	various	levels	of	
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smoking	exposure	on	frailty	risk	and	smoking	interventions	to	reduce	frailty	risk	among	

women	with	and	without	HIV	infection.	



	74	

	
REFERENCES	

	
1.	Colby	SLO,	Jennifer	M.	Projections	of	the	Size	and	Composition	of	the	U.S.	
Population:	2014	to	2060.	Current	Population	Reports;	2015.	
	
2.	World	Health	Organization.	World	Report	on	Ageing	and	Health.	
http://apps.who.int/iris/bitstream/10665/186463/1/9789240694811_eng.pdf.	
[Accessed	10	October	2017].	
	
3.	National	Center	for	Health	Statistics.	Deaths:	Final	data	for	2014.	
https://www.cdc.gov/nchs/data/nvsr/nvsr65/nvsr65_04.pdf.	[Accessed	19	April	2018].	
	
4.	US	Census	Bureau.	The	Nation’s	Older	Population	Is	Still	Growing,	Census	Bureau	
Reports.	https://www.census.gov/newsroom/press-releases/2017/cb17-100.html.	
[Accessed	19	April	2018].	
	
5.	US	Census	Bureau.	2017	National	Population	Projections	Tables.	
https://www.census.gov/data/tables/2017/demo/popproj/2017-summary-tables.html.	
[Accessed	19	April	2018].	
	
6.	Centers	for	Disease	Control	and	Prevention.	Heart	Disease	and	Cancer	Deaths	—	

Trends	and	Projections	in	the	United	States,	1969–2020.	
https://www.cdc.gov/pcd/issues/2016/16_0211.htm.	[Accessed	19	April	2018].	
	
7.	National	Center	for	Health	Statistics.	Changes	in	Life	Expectancy	by	Race	and	Hispanic	
Origin	in	the	United	States,	2013–2014.	
https://www.cdc.gov/nchs/data/databriefs/db244.pdf.	[Accessed	19	April	2018].	
	
8.	Samji	H,	Cescon	A,	Hogg	RS,	Modur	SP,	Althoff	KN,	Buchacz	K,	et	al.	Closing	the	gap:	
increases	in	life	expectancy	among	treated	HIV-positive	individuals	in	the	United	

States	and	Canada.	PLoS	One	2013;	8(12):e81355.	
	
9.	Chetty	R,	Stepner	M,	Abraham	S,	Lin	S,	Scuderi	B,	Turner	N,	et	al.	The	Association	
Between	Income	and	Life	Expectancy	in	the	United	States,	2001-2014.	JAMA	2016;	
315(16):1750-1766.	
	
10.	Braveman	P,	Gottlieb	L.	The	Social	Determinants	of	Health:	It's	Time	to	Consider	
the	Causes	of	the	Causes.	Public	Health	Reports	2014;	129(Suppl	2):19-31.	
	
11.	Palella	FJ,	Jr.,	Baker	RK,	Moorman	AC,	Chmiel	JS,	Wood	KC,	Brooks	JT,	et	al.	Mortality	in	
the	highly	active	antiretroviral	therapy	era:	changing	causes	of	death	and	disease	in	

the	HIV	outpatient	study.	J	Acquir	Immune	Defic	Syndr	2006;	43(1):27-34.	
	
12.	Centers	for	Disease	Control	and	Prevention.	Basic	Statistics.	
https://www.cdc.gov/hiv/basics/statistics.html.	[Accessed	10	October	2017].	



	75	

	
13.	Centers	for	Disease	Control	and	Prevention.	HIV	Among	People	Aged	50	and	Over.	
http://www.cdc.gov/hiv/group/age/olderamericans/index.html.	[Accessed	10	October	
2017].	
	
14.	Brooks	JT,	Buchacz	K,	Gebo	KA,	Mermin	J.	HIV	Infection	and	Older	Americans:	The	
Public	Health	Perspective.	American	Journal	of	Public	Health	2012;	102(8):1516-1526.	
	
15.	Deeks	SG.	HIV	infection,	inflammation,	immunosenescence,	and	aging.	Annu	Rev	
Med	2011;	62:141-155.	
	
16.	National	Center	for	Health	Statistics.	National	vital	statistics	reports.	
https://www.cdc.gov/nchs/data/nvsr/nvsr65/nvsr65_04.pdf.	[Accessed	19	April	2018].	
	
17.	Antiretroviral	Therapy	Cohort	C.	Causes	of	death	in	HIV-1-infected	patients	treated	
with	antiretroviral	therapy,	1996-2006:	collaborative	analysis	of	13	HIV	cohort	

studies.	Clin	Infect	Dis	2010;	50(10):1387-1396.	
	
18.	Smith	CJ,	Ryom	L,	Weber	R,	Morlat	P,	Pradier	C,	Reiss	P,	et	al.	Trends	in	underlying	
causes	of	death	in	people	with	HIV	from	1999	to	2011	(D:A:D):	a	multicohort	

collaboration.	The	Lancet	2014;	384(9939):241-248.	
	
19.	Guaraldi	G,	Orlando	G,	Zona	S,	Menozzi	M,	Carli	F,	Garlassi	E,	et	al.	Premature	age-
related	comorbidities	among	HIV-infected	persons	compared	with	the	general	

population.	Clin	Infect	Dis	2011;	53(11):1120-1126.	
	
20.	Patel	P,	Hanson	DL,	Sullivan	PS,	Novak	RM,	Moorman	AC,	Tong	TC,	et	al.	Incidence	of	
types	of	cancer	among	HIV-infected	persons	compared	with	the	general	population	

in	the	United	States,	1992-2003.	Annals	of	internal	medicine	2008;	148(10):728-736.	
	
21.	Islam	FM,	Wu	J,	Jansson	J,	Wilson	DP.	Relative	risk	of	cardiovascular	disease	among	
people	living	with	HIV:	a	systematic	review	and	meta-analysis.	HIV	medicine	2012;	
13(8):453-468.	
	
22.	Torres	RA,	Lewis	W.	Aging	and	HIV/AIDS:	pathogenetic	role	of	therapeutic	side	
effects.	Lab	Invest	2014;	94(2):120-128.	
	
23.	Pathai	S,	Lawn	SD,	Gilbert	CE,	McGuinness	D,	McGlynn	L,	Weiss	HA,	et	al.	Accelerated	
biological	ageing	in	HIV-infected	individuals	in	South	Africa:	a	case–control	study.	
AIDS	2013;	27(15):2375-2384.	
	
24.	Fried	LP,	Tangen	CM,	Walston	J,	Newman	AB,	Hirsch	C,	Gottdiener	J,	et	al.	Frailty	in	
older	adults:	evidence	for	a	phenotype.	J	Gerontol	A	Biol	Sci	Med	Sci	2001;	56(3):M146-
156.	
	



	76	

25.	Woods	NF,	LaCroix	AZ,	Gray	SL,	Aragaki	A,	Cochrane	BB,	Brunner	RL,	et	al.	Frailty:	
emergence	and	consequences	in	women	aged	65	and	older	in	the	Women's	Health	

Initiative	Observational	Study.	J	Am	Geriatr	Soc	2005;	53(8):1321-1330.	
	
26.	Fried	LP,	Ferrucci	L,	Darer	J,	Williamson	JD,	Anderson	G.	Untangling	the	concepts	of	
disability,	frailty,	and	comorbidity:	implications	for	improved	targeting	and	care.	J	
Gerontol	A	Biol	Sci	Med	Sci	2004;	59.	
	
27.	Piggott	DA,	Muzaale	AD,	Mehta	SH,	Brown	TT,	Patel	KV,	Leng	SX,	et	al.	Frailty,	HIV	
infection,	and	mortality	in	an	aging	cohort	of	injection	drug	users.	PLoS	One	2013;	
8(1):e54910.	
	
28.	Bock	JO,	Konig	HH,	Brenner	H,	Haefeli	WE,	Quinzler	R,	Matschinger	H,	et	al.	
Associations	of	frailty	with	health	care	costs--results	of	the	ESTHER	cohort	study.	
BMC	Health	Serv	Res	2016;	16:128.	
	
29.	Comans	TA,	Peel	NM,	Hubbard	RE,	Mulligan	AD,	Gray	LC,	Scuffham	PA.	The	increase	in	
healthcare	costs	associated	with	frailty	in	older	people	discharged	to	a	post-acute	

transition	care	program.	Age	Ageing	2016;	45(2):317-320.	
	
30.	Collard	RM,	Boter	H,	Schoevers	RA,	Oude	Voshaar	RC.	Prevalence	of	frailty	in	
community-dwelling	older	persons:	a	systematic	review.	J	Am	Geriatr	Soc	2012;	
60(8):1487-1492.	
	
31.	Bandeen-Roche	K,	Seplaki	CL,	Huang	J,	Buta	B,	Kalyani	RR,	Varadhan	R,	et	al.	Frailty	in	
Older	Adults:	A	Nationally	Representative	Profile	in	the	United	States.	The	Journals	of	
Gerontology	Series	A:	Biological	Sciences	and	Medical	Sciences	2015;	70(11):1427-1434.	
	
32.	Gill		TM,	Baker		DI,	Gottschalk		M,	Peduzzi		PN,	Allore		H,	Byers		A.	A	Program	to	
Prevent	Functional	Decline	in	Physically	Frail,	Elderly	Persons	Who	Live	at	Home.	
New	England	Journal	of	Medicine	2002;	347(14):1068-1074.	
	
33.	Cameron	ID,	Fairhall	N,	Langron	C,	Lockwood	K,	Monaghan	N,	Aggar	C,	et	al.	A	
multifactorial	interdisciplinary	intervention	reduces	frailty	in	older	people:	

randomized	trial.	BMC	Medicine	2013;	11(1):65.	
	
34.	Liu	CK,	Fielding	RA.	Exercise	as	an	intervention	for	frailty.	Clin	Geriatr	Med	2011;	
27(1):101-110.	
	
35.	Puts	MT,	Toubasi	S,	Atkinson	E,	Ayala	AP,	Andrew	M,	Ashe	MC,	et	al.	Interventions	to	
prevent	or	reduce	the	level	of	frailty	in	community-dwelling	older	adults:	a	protocol	

for	a	scoping	review	of	the	literature	and	international	policies.	BMJ	Open	2016;	
6(3):e010959.	
	
36.	Manal	B,	Suzana	S,	Singh	DK.	Nutrition	and	Frailty:	A	Review	of	Clinical	Intervention	
Studies.	J	Frailty	Aging	2015;	4(2):100-106.	



	77	

	
37.	Goisser	S,	Guyonnet	S,	Volkert	D.	The	Role	of	Nutrition	in	Frailty:	An	Overview.	J	
Frailty	Aging	2016;	5(2):74-77.	
	
38.	Gustafson	DR,	Shi	Q,	Thurn	M,	Holman	S,	Minkoff	H,	Cohen	M,	et	al.	Frailty	and	
Constellations	of	Factors	in	Aging	HIV-infected	and	Uninfected	Women--The	

Women's	Interagency	HIV	Study.	J	Frailty	Aging	2016;	5(1):43-48.	
	
39.	Szanton	SL,	Seplaki	CL,	Thorpe	RJ,	Jr.,	Allen	JK,	Fried	LP.	Socioeconomic	status	is	
associated	with	frailty:	the	Women's	Health	and	Aging	Studies.	J	Epidemiol	Community	
Health	2010;	64(1):63-67.	
	
40.	Levett	TJ,	Cresswell	FV,	Malik	MA,	Fisher	M,	Wright	J.	Systematic	Review	of	
Prevalence	and	Predictors	of	Frailty	in	Individuals	with	Human	Immunodeficiency	

Virus.	J	Am	Geriatr	Soc	2016;	64(5):1006-1014.	
	
41.	Desquilbet	L,	Jacobson	LP,	Fried	LP,	Phair	JP,	Jamieson	BD,	Holloway	M,	et	al.	HIV-1	
infection	is	associated	with	an	earlier	occurrence	of	a	phenotype	related	to	frailty.	J	
Gerontol	A	Biol	Sci	Med	Sci	2007;	62(11):1279-1286.	
	
42.	Althoff	KN,	Jacobson	LP,	Cranston	RD,	Detels	R,	Phair	JP,	Li	X,	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;	69A(2):189-198.	
	
43.	Kojima	G,	Iliffe	S,	Jivraj	S,	Liljas	A,	Walters	K.	Does	current	smoking	predict	future	
frailty?	The	English	longitudinal	study	of	ageing.	Age	Ageing	2018;	47(1):126-131.	
	
44.	Terzian	AS,	Holman	S,	Nathwani	N,	Robison	E,	Weber	K,	Young	M,	et	al.	Factors	
associated	with	preclinical	disability	and	frailty	among	HIV-infected	and	HIV-

uninfected	women	in	the	era	of	cART.	J	Womens	Health	(Larchmt)	2009;	18(12):1965-
1974.	
	
45.	Centers	for	Disease	Control	and	Prevention.	Health	Effects	of	Cigarette	Smoking.	
https://www.cdc.gov/tobacco/data_statistics/fact_sheets/health_effects/effects_cig_smoki
ng/index.htm.	[Accessed	19	April	2018].	
	
46.	Centers	for	Disease	Control	and	Prevention.	Tobacco-Related	Mortality.	
https://www.cdc.gov/tobacco/data_statistics/fact_sheets/health_effects/tobacco_related_
mortality/index.htm.	[Accessed	19	April	2018].	
	
47.	Siegel	RL,	Jacobs	EJ,	Newton	CC,	Feskanich	D,	Freedman	ND,	Prentice	RL,	et	al.	Deaths	
Due	to	Cigarette	Smoking	for	12	Smoking-Related	Cancers	in	the	United	States.	JAMA	
internal	medicine	2015;	175(9):1574-1576.	
	
48.	van	der	Vaart	H,	Postma	DS,	Timens	W,	ten	Hacken	NH.	Acute	effects	of	cigarette	
smoke	on	inflammation	and	oxidative	stress:	a	review.	Thorax	2004;	59(8):713-721.	



	78	

	
49.	Mdodo	R,	Frazier	EL,	Dube	SR,	Mattson	CL,	Sutton	MY,	Brooks	JT,	et	al.	Cigarette	
smoking	prevalence	among	adults	with	HIV	compared	with	the	general	adult	

population	in	the	United	States:	cross-sectional	surveys.	Ann	Intern	Med	2015;	
162(5):335-344.	
	
50.	Blair	JM,	Fagan	JL,	Frazier	EL,	Do	A,	Bradley	H,	Valverde	EE,	et	al.	Behavioral	and	
clinical	characteristics	of	persons	receiving	medical	care	for	HIV	infection	-	Medical	

Monitoring	Project,	United	States,	2009.	MMWR	supplements	2014;	63(5):1-22.	
	
51.	Centers	for	Disease	Control	and	Prevention.	Smoking	and	HIV.	
https://www.cdc.gov/tobacco/campaign/tips/diseases/smoking-and-hiv.html.	[Accessed	
19	April	2018].	
	
52.	Kirk	GD,	Merlo	C,	P	OD,	Mehta	SH,	Galai	N,	Vlahov	D,	et	al.	HIV	infection	is	associated	
with	an	increased	risk	for	lung	cancer,	independent	of	smoking.	Clin	Infect	Dis	2007;	
45(1):103-110.	
	
53.	Helleberg	M,	Afzal	S,	Kronborg	G,	Larsen	CS,	Pedersen	G,	Pedersen	C,	et	al.	Mortality	
attributable	to	smoking	among	HIV-1-infected	individuals:	a	nationwide,	population-

based	cohort	study.	Clin	Infect	Dis	2013;	56(5):727-734.	
	
54.	Shirley	DK,	Kaner	RJ,	Glesby	MJ.	Effects	of	smoking	on	non-AIDS-related	morbidity	
in	HIV-infected	patients.	Clin	Infect	Dis	2013;	57(2):275-282.	
	
55.	Barkan	SE,	Melnick	SL,	Preston-Martin	S,	Weber	K,	Kalish	LA,	Miotti	P,	et	al.	The	
Women's	Interagency	HIV	Study.	WIHS	Collaborative	Study	Group.	Epidemiology	1998;	
9(2):117-125.	
	
56.	Bacon	MC,	von	Wyl	V,	Alden	C,	Sharp	G,	Robison	E,	Hessol	N,	et	al.	The	Women's	
Interagency	HIV	Study:	an	observational	cohort	brings	clinical	sciences	to	the	bench.	
Clin	Diagn	Lab	Immunol	2005;	12(9):1013-1019.	
	
57.	Adimora	AA,	Ramirez	C,	Benning	L,	Greenblatt	RM,	Kempf	M-C,	Tien	PC,	et	al.	Cohort	
Profile:	The	Women’s	Interagency	HIV	Study	(WIHS).	Int	J	Epidemiol	2018:dyy021-
dyy021.	
	
58.	Greenland	S,	Pearl	J,	Robins	JM.	Causal	Diagrams	for	Epidemiologic	Research.	
Epidemiology	1999;	10(1):37-48.	
	
59.	Centers	for	Disease	Control	and	Prevention.	HIV	Among	People	Aged	50	and	Over.	
http://www.cdc.gov/hiv/group/age/olderamericans/index.html.	[Accessed	10	October	
2017].	
	
60.	Panel.	Guidelines	for	the	use	of	antiretroviral	agents	in	HIV-1-infected	adults	and	
adolescents,	May	1,	2014.	



	79	

https://aidsinfo.nih.gov/contentfiles/AdultandAdolescentGL003390.pdf.	[Accessed	10	
October	2017].	
	
61.	Zhang	X,	Hu	Y,	Justice	AC,	Li	B,	Wang	Z,	Zhao	H,	et	al.	DNA	methylation	signatures	of	
illicit	drug	injection	and	hepatitis	C	are	associated	with	HIV	frailty.	Nat	Commun	2017;	
8(1):2243.	
	
62.	Bregigeon	S,	Galinier	A,	Zaegel-Faucher	O,	Cano	CE,	Obry	V,	Laroche	H,	et	al.	Frailty	in	
HIV	infected	people:	a	new	risk	factor	for	bone	mineral	density	loss.	AIDS	2017;	
31(11):1573-1577.	
	
63.	Cesari	M,	Vellas	B,	Hsu	FC,	Newman	AB,	Doss	H,	King	AC,	et	al.	A	physical	activity	
intervention	to	treat	the	frailty	syndrome	in	older	persons-results	from	the	LIFE-P	

study.	J	Gerontol	A	Biol	Sci	Med	Sci	2015;	70(2):216-222.	
	
64.	Gill	TM,	Gahbauer	EA,	Allore	HG,	Han	L.	Transitions	between	frailty	states	among	
community-living	older	persons.	Arch	Intern	Med	2006;	166(4):418-423.	
	
65.	Gao	X,	Zhang	Y,	Saum	K-U,	Schöttker	B,	Breitling	LP,	Brenner	H.	Tobacco	smoking	and	
smoking-related	DNA	methylation	are	associated	with	the	development	of	frailty	

among	older	adults.	Epigenetics	2017;	12(2):149-156.	
	
66.	Bandeen-Roche	K,	Seplaki	CL,	Huang	J,	Buta	B,	Kalyani	RR,	Varadhan	R,	et	al.	Frailty	in	
Older	Adults:	A	Nationally	Representative	Profile	in	the	United	States.	J	Gerontol	A	Biol	
Sci	Med	Sci	2015;	70(11):1427-1434.	
	
67.	Centers	for	Disease	Control	and	Prevention.	Tobacco	Use	Among	Adults	with	Mental	
Illness	and	Substance	Use	Disorders.	https://www.cdc.gov/tobacco/disparities/mental-
illness-substance-use/index.htm.	[Accessed	19	April	2018].	
	
68.	Centers	for	Disease	Control	and	Prevention.	Illegal	Drug	Use.	
https://www.cdc.gov/nchs/fastats/drug-use-illegal.htm.	[Accessed	19	April	2018].	
	
69.	Guaraldi	G,	Raggi	P,	Gomes	A,	Zona	S,	Marchi	E,	Santoro	A,	et	al.	Lung	and	Heart	
Diseases	Are	Better	Predicted	by	Pack-Years	than	by	Smoking	Status	or	Duration	of	

Smoking	Cessation	in	HIV	Patients.	PLoS	One	2015;	10(12):e0143700.	
	
70.	Lubin	JH,	Couper	D,	Lutsey	PL,	Woodward	M,	Yatsuya	H,	Huxley	RR.	Risk	of	
cardiovascular	disease	from	cumulative	cigarette	use	and	the	impact	of	smoking	

intensity.	Epidemiology	2016;	27(3):395-404.	
	
71.	McEvoy	JW,	Nasir	K,	DeFilippis	AP,	Lima	JA,	Bluemke	DA,	Hundley	WG,	et	al.	
Relationship	of	cigarette	smoking	with	inflammation	and	subclinical	vascular	

disease:	the	Multi-Ethnic	Study	of	Atherosclerosis.	Arterioscler	Thromb	Vasc	Biol	2015;	
35(4):1002-1010.	
	



	80	

72.	Gale	CR,	Baylis	D,	Cooper	C,	Sayer	AA.	Inflammatory	markers	and	incident	frailty	in	
men	and	women:	the	English	Longitudinal	Study	of	Ageing.	Age	(Dordr)	2013;	35.	
	
73.	Wada	NI,	Jacobson	LP,	Margolick	JB,	Breen	EC,	Macatangay	B,	Penugonda	S,	et	al.	The	
effect	of	HAART-induced	HIV	suppression	on	circulating	markers	of	inflammation	

and	immune	activation.	AIDS	2015;	29(4):463-471.	
	
74.	Neuhaus	J,	Jacobs	DR,	Jr.,	Baker	JV,	Calmy	A,	Duprez	D,	La	Rosa	A,	et	al.	Markers	of	
inflammation,	coagulation,	and	renal	function	are	elevated	in	adults	with	HIV	

infection.	J	Infect	Dis	2010;	201(12):1788-1795.	
	


