Journals of Gerontology: Medical Sciences
cite as: J Gerontol A Biol Sci Med Sci, 2016, Vol. 71, No. 12, 1624-1630

GERONTOLOGICAL

Advance Access publication April 15, 2016
SOCIETY OF AMERICA®

X,

Research Article

Declines and Impairment in Executive Function Predict
Onset of Physical Frailty

Alden L. Gross,"?Qian-Li Xue,'**Karen Bandeen-Roche,**Linda P. Fried,® Ravi Varadhan,®
Mara A. McAdams-DeMarco,' Jeremy Walston,®* and Michelle C. Carlson?

'Department of Epidemiology, 2Department of Mental Health, *Division of Geriatric Medicine and Gerontology, Department of Medicine,
and *Department of Biostatistics, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland. *Department of Epidemiology,
Columbia University Mailman School of Public Health, New York. ®Division of Biostatistics and Bioinformatics, Sidney Kimmel
Comprehensive Cancer Care Center, Johns Hopkins School of Medicine, Baltimore, Maryland.

Address correspondence to Alden L. Gross, PhD, Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, 616 North
Wolfe Street, Baltimore, MD 21205. Email: agross14@jhu.edu

Received June 26, 2015; Accepted March 20, 2016

Decision Editor: Stephen Kritchevsky, PhD

Abstract

Background: Clinical cognitive impairment and physical frailty often co-occur. However, it is unclear whether preclinical impairment
or decline in cognitive domains are associated with onset of physical frailty. We tested this hypothesis and further hypothesized that
preclinical impairment and decline in executive functioning are more strongly associated with frailty onset than memory or general
cognitive performance.

Methods: We used 9 years of data from the Women’s Health and Aging Study II (six visits) that longitudinally measured psychomotor speed
and executive functioning using the Trail Making Test, parts A and B, respectively, and immediate and delayed word-list recall from the
Hopkins Verbal Learning Test. We used Cox proportional hazards models to regress time to frailty on indicators for impairment on these
cognitive tests and on rates of change of the tests. Models adjusted for depressive symptoms, age, years of education, and race.

Results: Of the 331 women initially free of dementia and frailty, 44 (13%) developed frailty. A binary indicator of impaired executive
functioning (Trail Making Test, part B [TMT-B]) was most strongly associated with hazard, or risk, of frailty onset (hazard ratio [HR] = 3.3,
95% confidence interval [CI] = 1.4, 7.6) after adjustment for covariates and other tests. Adjusting for baseline cognitive performance, faster
deterioration on TMT-B (HR = 0.6, 95% CI = 0.4, 1.0) was additionally associated with hazard of frailty onset.

Conclusions: Findings inform the association of executive functioning with transitions to frailty, suggesting both impairments in and declines
in executive functioning are associated with risk of frailty onset. It remains to be determined whether these associations are causal or whether
shared aging related or other mechanisms are involved.
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There is emerging recognition that older adults with physical frailty,
a common but potentially preventable condition, may also exhibit
poorer cognitive performance and steeper cognitive decline than
older adults without frailty (1-4). Physical frailty is manifested as a
medical syndrome (5) comprising slowness, weakness, reduced activ-
ity, weight loss, and exhaustion, which at the clinical level occurs
in between 10% and 15% of community-living older adults (6,7),
and is associated with elevated risk for adverse outcomes including
hospitalization, falls, delirium, future disability, and mortality (5).

Prospective studies demonstrate that people with cognitive
impairment or dementia are at elevated risk for physical frailty
(1,8-10). Early impairment in global cognitive performance has
been shown to be associated with elevated risk of onset of physi-
cal frailty (11). In addition to the associations of the level of cogni-
tive impairment with frailty and its markers, other studies show that
accelerated age-related cognitive decline, measured mostly via global
cognitive measures (2,12-14), is related to physical frailty (15-17).
Findings with respect to early preclinical impairments in cognitive
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performance are sparse and mixed, with one study reporting an asso-
ciation (14) and another not (12). It is possible that the preclinical
progressions of these two processes either are causally related or are
driven by shared underlying age-related processes. Thus, an impor-
tant gap in research is whether preclinical, age-related cognitive
impairment and decline are associated with onset of physical frailty.

Findings regarding the association of cognition with frailty
could differ according to the stage of preclinical cognitive decline
and impairment: in other words, associations with physical frailty
may differ for persons at preclinical cognitive levels versus clinical
cognitive impairment. Further, it is possible that global cognitive
measures may not be as sensitive to physical frailty interventions
as are domain-specific measures. These observations underscore the
importance of determining the associations between domain-specific
preclinical cognitive declines and impairment and the onset of physi-
cal frailty.

Few studies have examined the association of specific cognitive
domains with physical frailty (1). Declines in executive functioning
often precede declines in memory (18,19), and executive functioning
is related to instrumental activities of daily living (20,21) and dete-
rioration in mobility and balance (22,23), thus executive functioning
may be related to physical frailty among older adults without clinical
cognitive impairment. Indeed, some previous research suggests that
physical frailty is associated with higher level executive functions
including set-shifting ability, judgment of external and internal cues,
and other cognitive factors important to gait and physical function-
ing (24,25). However, the association of frailty with specific cogni-
tive domains is understudied (1).

In this study, we extend the previous findings by examining asso-
ciations of impairments and changes in cognitive domains important
to independent function with subsequent onset of physical frailty.
We used longitudinal data spanning up to 9 years from a well-char-
acterized sample of initially high-functioning women aged 70-79 at
baseline. Based on prior work, identifying age-related vulnerability
in executive functions (18,20), we hypothesized that deficits and
declines in executive functioning are more strongly associated with
the onset of physical frailty than measures of memory or general
cognitive functioning.

Methods

Participants

We used longitudinal data from the Women’s Health and Aging Study
IL. Details of the sample and recruitment strategies are described else-
where (18,26). Participants (N = 436) were initially selected from
Health Care Financing Administration Medicare eligibility lists and
represented the two thirds highest functioning community-living
older women in Baltimore, Maryland. Exclusion criteria included
scoring <24 on the Mini-Mental State Examination and difficulty in
more than one functional domain (upper extremity function, exer-
cise and mobility tolerance, and instrumental activities of daily liv-
ing) (13,27). Participants were interviewed at baseline and 1.5, 3,
6,7.5,and 9 years afterward. We excluded participants with frailty
at baseline (7 = 12) and who developed dementia during the study
(n = 93) to isolate a sample free of known neuropathologies (16).
Participants excluded due to dementia during follow-up or frailty at
baseline (7 = 105) had lower cognitive scores at baseline and were
older, less white, and reported fewer years of education (ps < .03).
Although the latter exclusion criterion potentially tilts the analytic
sample to people with later onset of impairment or cognitive decline,
it purifies the sample of persons with dementia pathologies and we

note that the original sample was also selected for higher than aver-
age physical functioning. The final sample size was N = 331. The
study was approved by the Institutional Review Board at Johns
Hopkins.

Physical frailty

Frailty was the primary study outcome (frail vs. pre-frail or robust).
It was assessed using the medical syndrome model based on Fried/
Cardiovascular Health Study criteria that operationalizes frailty as
the confluence of three or more of the following: weak grip strength,
slow gait, low levels of physical activity, self-reported exhaustion,
and unintentional weight loss (5). This syndrome is a manifestation
of physiologic dysregulation of multiple physiologic systems and the
complex adaptive system that maintains a resilient human organism
(28). We chose not to study associations of cognition with compo-
nents of the frailty phenotype because determining whether or not
one component drives the association does not inform the unique
associations between cognition and frailty, an outcome identified as
encompassing more than the sum of its parts (29).

Cognitive tests

Scores for psychomotor speed, executive functioning, and immedi-
ate and delayed episodic memory were obtained from a standard-
ized neuropsychological test battery administered at each Women’s
Health and Aging Study II visit. The Trail Making Test, part A is a
test of psychomotor speed that involves connecting randomly placed
numbers on a page. The Trail Making Test, part B (TMT-B) is a test
of psychomotor speed and set-shifting ability that involves alternat-
ing between randomly placed numbers and letters (30). Participants
were allowed 240 seconds and 420 seconds on Trails A and B, respec-
tively; scores were converted to speed by dividing (60 seconds)/time
so that higher scores reflect better performance (line drawings per
second) (20). The Hopkins Verbal Learning Test (HVLT) (31) is a
four-trial word list learning test of 12 semantically related words.
The sum of words recalled across the first three successive immediate
recall trials of the HVLT represents immediate recall (possible range:
0, 36 words). The fourth trial was a 20-minute delayed recall trial
(possible range: 0, 12 words).

Indicators for mild (preclinical) domain-specific cognitive
impairment were derived for each test (Trails A 281 seconds, Trails
B >225 seconds, HVLT immediate recall <16 words, and HVLT
delayed recall <4 words) based on external cutoffs using age- and
education-matched published norms (18,31). Cognitive tests were
treated continuously in analyses of longitudinal change. A summary
factor representing general cognitive performance was derived as a
factor score from a single-factor analysis of the four tests; the factor
analysis used a maximum likelihood estimator (32).

Analysis plan

We characterized the sample using means and percentages and eval-
uated differences between frail and non-frail groups using ¢ tests for
continuous variables and y? tests for categorical variables. To model
time to onset of frailty as a function of domain-specific cognitive
impairment, we used discrete-time proportional hazards survival
models with domain-specific cognitive impairment as a time-varying
exposure (33). We evaluated the proportional hazards assumption
by including interactions between cognitive impairment indicators
and time; none were statistically significant. To model time to onset
of physical frailty as a function of cognitive change, we used simi-
lar models but with model-estimated slopes of cognitive change as
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independent variables. Slopes were estimated from linear mixed
effects models with random effects for people and time. Higher
scores on cognitive tests indicate better performance, and steeper (eg,
less negative) slopes represent less cognitive decline.

We conducted sensitivity analyses by substituting the difference
between Trails B and A for Trails B performance and rerunning all
primary analyses using this score; impairment on Trails B-A was
based on the 20th percentile of the empirical distribution. We did
not use the difference score in the main analysis because of the lack
of available preclinical cutoffs. We conducted two additional sets of
sensitivity analyses to evaluate the robustness of our findings. The
first assumed participants who dropped out before the final study
visit developed frailty after they went missing. The second sensitiv-
ity analysis assumed participants with missing cognitive testing had
cognitive impairment at that visit. We reran all analyses under these
extreme assumptions.

Statistical models were controlled for depressive symptoms
based on the Geriatric Depression Scale score (34), age, race (white,
non-white), and years of education. Previous studies have reported
neurological deficits related to falls (35). We did not adjust for falls
because they were relatively rare in this cohort.

Results

The sample of N = 331 women were, on average, 73.6 years of age
at baseline; 44 (13%) were non-white, with mean years of education
13.0 years (Table 1). The analysis included 2,046 person-years, with

Table 1. Baseline Characteristics of the WHAS Il Sample (N = 331)

Characteristic Mean (SD) Range
Age 73.6 (2.7) 70.0, 80.0
Years of education 13.0 (3.2) 2.0,18.0
Black, 1 (%) 44 (13.3)
Geriatric Depression Scale 3.6(3.2) 0.0, 16.0
Number of comorbidities (of 14) 1.5 (1.0) 0.0, 5.0
Coronary artery disease, 72 (%) 53 (16.0)
Congested heart failure, 7 (%) 6 (1.8)
Peripheral artery disease, 77 (%) 10 (3.0)
Stroke, 7 (%) 3(0.9)
Pulmonary diseases, 72 (%) 72 (21.8)
Hip fracture, 7 (%) 5(1.5)
Diabetes, 72 (%) 24 (7.3)
Body mass index 26.8 (5.3) 15.8,47.1
High blood pressure, 7 (%) 170 (51.4)
Baseline smoking status, 7 (%)
Nonsmoker 176 (53.7)
Former 118 (36.0)
Current 34 (10.4)
Baseline activity status, 7 (%)
Inactive (0 min/wk) 23 (7.0)
Insufficient (1-149 min/wk) 112 (34.1)
Recommended (>150 min/wk) 193 (58.8)
Cognitive tests
Trail Making Test, part A 1.6 (0.5) 0.5,3.5
Trail Making Test, part B 0.6 (0.2) 0.1,1.4
HVLT immediate recall 23.4(5.2) 7.0, 35.0
HVLT delayed recall 8.6 (2.4) 0.0,12.0
General cognitive performance 0.3 (0.8) -2.4,1.9

factor

Notes: HVLT = Hopkins Verbal Learning Test; WHAS II = Women’s Health
and Aging Study II.

mean follow-up time of 6.8 years (median 9 years). Thirteen percent
(44/331) developed frailty over 9 years and 46% (132/284) devel-
oped cognitive impairment in one or more domains. Compared with
participants who experienced incident cognitive impairment dur-
ing follow-up (N = 132), participants without incident impairment
tended to be younger by 1.0 years, more educated by 1.2 years, and
reported fewer depressive symptoms (difference of 0.8 points in the
Geriatric Depression Scale score; p values < .05). Simultaneous onset
of impairment in a given cognitive domain and frailty at a given visit
was observed in between 36% and 62% of participants (Table 2,
last row). Onset of any cognitive impairment more often preceded
onset of physical frailty among 38% (n = 11/29) of participants who
developed both, whereas onset of physical frailty preceded onset of
any cognitive impairment in just 17% (1 = 5/29) of participants who
developed any cognitive impairment (Table 2). Five percent (15/331)
of the sample developed frailty without cognitive impairment.
Across cognitive domains, impairment in executive functioning was
most likely to precede frailty (Table 2).

Cognitive Impairment and Time to Onset of Frailty
Figure 1 and Table 3 show hazard ratios (HR) for the association
of preclinical impairment in each test with time to onset of frailty.
Impairment on each cognitive test was predictive of frailty onset,
adjusting for background characteristics. Impairment in executive
functioning (TMT-B) was most strongly associated with onset of
frailty (HR = 4.4, 95% confidence interval [CI] = 2.2, 9.0) after
adjusting for Trail Making Test, part A. In a model adjusted for
impairment in all cognitive tests together, only executive functioning
(TMT-B) was associated with frailty onset (HR = 3.3,95% CI = 1.4,
7.6; Table 3).

Cognitive Change and Time to Onset of Frailty

Table 4 shows HR for the association of baseline levels and changes
in each cognitive test with time to onset of frailty. To enable direct
comparisons of associations across cognitive tests, we standardized
each cognitive variable representing levels and rates of change to
mean 0 (SD 1), thus placing all HRs on a common scale. The stand-
ardized mean rate of change was -0.38 SD units for Trail Making
Test, part A, -0.83 SD units for TMT-B, -0.17 SD units for HVLT
immediate recall, =0.34 SD units for HVLT delayed recall, and -0.38
SD units for general cognitive performance. Better baseline perfor-
mance on psychomotor speed (Trail Making Test, part A; HR = 0.5,
95% CI = 0.3, 0.7), executive functioning (TMT-B; HR = 0.2, 95%
CI = 0.1, 0.5), delayed memory (HVLT delayed recall; HR = 0.7,
95% CI = 0.4, 1.0), and general cognitive performance (HR = 0.6,
95% CI = 0.4, 0.9) were associated with lower risk of onset of frailty.
Slower rate of annual decline in executive functioning (TMT-B) was
associated with a 40% reduction in risk of frailty onset (HR = 0.6,
95% CI = 0.4, 1.0) and was the only cognitive test whose trajectory
was associated with lower risk of frailty onset (Table 4).

Sensitivity Analyses
Preclinical impairment in the difference between Trails B and A was
associated with an HR = 2.5 (95% CI = 1.2, 5.0) elevated risk of
onset of physical frailty.

To account for potential underascertainment of physical frailty,
we assumed everyone who dropped out before the end of the study
developed frailty during their next visit following dropout. No infer-
ences changed. Cognitive tests were missing in 4.5%—5.9% of visits.
To accommodate the potential for selective attrition among more
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Table 2. Prevalence and Onset of Impairment in Each Cognitive Test Over 9 y: Results From WHAS Il (N = 331)

Any Cognitive

Executive Func- Executive Func- Memory (HVLT Memory (HVLT  Impairment
tioning (Trails A) tioning (Trails B) immediate recall)  delayed recall) Indicated
Prevalent at baseline 2 (4%) 1(6%) 4 (7%) 6(5%) 47 (14%)
Not prevalent at baseline 319 (96%) 0 (94%) 307 (93%) 315 (95%) 284 (86%)
Incidence (9y) 1(16%) 4 (30%) 5(21%) 3(17%) 132 (46%)
Incidence of 2+ cognitive impairments together 3(7%) 2 (10%) 4 (14%) 6 (11%) NA
Developed neither frailty nor cognitive 253 (79%) 8 (70%) 238 (78%) 247 (78%) 184 (65%)
impairment
Developed only frailty 7 (8%) 9 (6%) 8 (9%) 1(10%) 5(5%)
Developed only cognitive impairment 4 (11%) 9(22%) 9 (16%) 0 (13%) 103 (36%)
Developed both 7 (5%) 5 (8%) 6 (5%) 3 (4%) 9 (10%)
Cognition first 4 (24%) 0 (40%) 5 (31%) 3 (23%) 1(38%)
Frailty first 5(29%) 6 (24%) 4(25%) 2 (15%) 5(17%)
Co-occurring with frailty 8 (47%) 9 (36%) 7 (44%) 8 (62%) 13 (45%)

Notes: HVLT: Hopkins Verbal Learning Test; NA = not applicable; WHAS IT = Women’s Health and Aging Study II. Percentages in the first and second rows were
calculated based on the full sample of 331. Percentages in the third, fourth, fifth, sixth, seventh, and eighth rows were calculated based on the sample size without

prevalent impairment at baseline (second row). Denominators for percentages in the final three rows are the eighth row.
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Figure 1. Kaplan-Meier plots of time to onset of frailty by cognitive impairment: results from WHAS Il (N = 331). WHAS Il = Women'’s Health and Aging Study II.

cognitively impaired participants, we set missing indicators of cogni-
tive impairment to impaired if they were missing and reran analyses.
Inferences did not change.

Discussion

In this longitudinal study of initially healthy older women who were
free of physical frailty and cognitive impairment at baseline, impair-
ments and declines in executive functioning were associated with

elevated risk of frailty onset. Cognitive impairment, defined accord-
ing to cut points for preclinical impairment, preceded physical frailty
in most cases. Preclinical cognitive impairment was associated with
earlier onset of frailty, and executive functioning was a stronger
predictor than memory, as hypothesized. Further, after adjusting for
baseline cognitive performance, age, and other characteristics, faster
deterioration in executive functioning was additionally associated
with earlier frailty onset. Overall, these findings inform the role of
specific domains of cognitive functioning in transitions to clinical
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Table 3. Associations of Cognitive Impairment With Time to Onset of Frailty in WHAS Il (N = 331)

Associations With Time to Frailty, Unadjusted for

Other Domains

Associations With Time to Frailty, Adjusted for
Other Domains

HR (95% CI)

Cognitive Impairment Independent Variable

HR (95% CI)

Psychomotor speed (TMT-A) 4.1* (1.8,9.3)
Executive functioning (TMT-B) 4.4%(2.2,9.0)
Memory (HVLT immediate recall) 2.5%(1.1,5.7)
Delayed memory (HVLT delayed recall) 2.9% (1.3,6.5)
Any impairment 3.7%(2.0,7.2)

2.0(0.8,5.3)
3.3* (1.4,7.6)
1.0 (0.3, 3.4)
1.8 (0.5, 5.6)

Notes: CI = confidence interval; HR = hazard ratios; HVLT: Hopkins Verbal Learning Test; TMT-A = Trail Making Test, part A; TMT-B = Trail Making Test,
part B; WHAS II = Women’s Health and Aging Study II. HR represent the factor by which the hazard, or risk, of frailty onset differs between those with and with-
out cognitive impairment. The first column shows HR for cognitive variables and time to frailty onset, adjusting for depressive symptoms, age, race, and years of

education. The second column shows HR for cognitive tests and time to frailty onset, additionally adjusting for other cognitive tests.

*p < .0S.

Table 4. Associations of Cognitive Trajectory With Time to Onset of Frailty in WHAS Il (N = 331)

Associations of Baseline Cognition With Time to

Associations of Annual Rate of Change With

Onset of Frailty Time to Onset of Frailty
Cognitive Independent Variable R (95% CI) R (95% CI)
Psychomotor speed (TMT-A) 0 5’ (0.3,0.7) 0.8 (0.6, 1.1)
Executive functioning (TMT-B) *(0.1,0.5) 0.6% (0.4, 1.0)
Memory (HVLT immediate recall) 0 8 (0.5,1.2) 0.7 (0.5, 1.0)
Delayed memory (HVLT delayed recall) 0 7’ (0.4, 1.0) 0.9(0.7,1.2)
General cognitive performance *(0.4,0.9) 0.8 (0.6, 1.0)

Notes: CI = confidence interval; HR = hazard ratios; HVLT: Hopkins Verbal Learning Test; TMT-A = Trail Making Test, part A; TMT-B = Trail Making Test,
part B; WHAS II = Women’s Health and Aging Study II. The first column of HR represents the factor by which the hazard, or risk, of frailty onset differs for each
standard deviation unit increase in cognitive performance. The second column of HR represents the factor by which the hazard of frailty onset differs for each

standard deviation unit shallower rate of cognitive decline. Higher scores on cognitive tests indicate better performance. Steeper, or less negative, slopes indicate

less cognitive decline. All models are adjusted for depressive symptoms, age, race, and years of education.

*p <.0S.

frailty. Repeated measures of multiple domains of cognition in rela-
tion to incident physical frailty over a 9-year study period improved
our ability to specify these associations as older adults enter an age
of elevated risk for physical frailty.

The present findings demonstrate that the cognition—frailty
association exists among those with preclinical, specific cognitive
impairment and appears to be strongest for the domain of execu-
tive functioning. Executive functions, important to the maintenance
of independent functioning, deteriorate prior to memory in commu-
nity-dwelling older adults and thus may be more sensitive than other
cognitive domains to dysregulated brain processes at the preclinical
stage (18,19). Impaired executive functioning is found in vascular
dementia. Episodic memory, measured by the HVLT, is a hallmark
of early Alzheimer’s disease. Thus, because domain-specific changes
and impairment in executive functioning was more strongly asso-
ciated with frailty than memory, our results suggest impairments
underlying prodromal Alzheimer’s disease and physical frailty may
be distinct. In other studies, physical frailty has been shown to be
associated in diverse samples with incidence of dementia, particu-
larly vascular dementia as opposed to Alzheimer’s disease (8-10).

Mechanistic implications of this study require further investiga-
tion. Prefrontally mediated executive functions are related to mobil-
ity changes (24,36) and other features important in physical frailty,
but whether there is a causal relationship between cognition and
frailty or whether they are two manifestations of common underly-
ing systemic physiologic alterations is unclear from our study alone.

Common physiologic systems underlying cognitive declines and
physical frailty may include inflammatory pathways (37,38), energy
dysregulation, dysregulation of the hypothalamic—pituitary—adrenal
axis (39), and cerebrovascular disease (40). In particular, low-grade
inflammation has been found to be related to poorer executive func-
tioning in older adults (39,41). More generally, a growing body of
research has uncovered novel mechanisms through which biological
alterations affect brain aging and higher level cognitive functions
related to executive functioning (42,43). Subclinical deterioration
in subcortical networks of the brain, in particular, the prefrontal
cortex, basal ganglia, and medial temporal lobe, is associated cross-
sectionally and longitudinally with slowed gait speed (44). Other
research suggests control of gait speed is related to integrity of both
white and gray matter (45).

Although not all persons with cognitive impairment become
frail and not all persons with frailty become demented (46), the two
co-occur frequently and according to our data may begin around
the same time. Cognitive impairment and frailty have common
risk factors, antecedents, and consequences (17). Common ante-
cedents include cardiovascular risk factors, physical activity, and
poor nutrition. For example, cardiovascular risk factors and physi-
cal activity are each associated with frailty and cognitive impair-
ment (17). A large proportion of diagnosed cases of dementia have
substantial cerebrovascular disease observed at autopsy, suggesting
commonality in etiology of all of these conditions (47). Nutrition is
another potential common link: diet has both behavioral (eg, proper
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diet and meal planning) and biological contributors (eg, oxidative
stress and muscle weakness) (17). Adherence to a high-antioxidant
Mediterranean diet is protective against cognitive impairment and
physical frailty (48).

Our findings are consistent with previous work. Other studies
have suggested frailty is most strongly linked to executive function-
ing (1,25), although we are aware of no studies that have previously
examined longitudinal changes in executive functioning. Cognitive
change is a more informative phenotype than is a one-time measure
of cognitive level, because the latter is strongly influenced by educa-
tion and other early life experiences and thus does not reflect in an
unbiased fashion cognitive abilities in later life (49).

Several limitations should be mentioned. First, frailty may lead to
selective attrition, mortality, and other competing events that prevent
us from observing frailty. Dropout due to frailty is more likely than
dropout due to cognitive impairment. Because of this, we conducted
a sensitivity analysis assuming persons who dropped out of the study
developed frailty; this did not change inferences. A second limitation is
that Women’s Health and Aging Study IT is not a representative sample;
participants were selected for high functioning at baseline and were
demographically restricted to women. The high function of the sample
is exemplified by the low incidence of frailty (13%) in our sample over
9 years, which was lower than another study’s 26% over 8 years (50).
This is also a strength: we were able to observe the natural association
of early, domain-specific cognitive impairment with onset of frailty in
a sample relatively free of disability at baseline, strengthening causal
inferences. Regarding generalizability to men, frailty and clinical cog-
nitive impairment (dementia) are more prevalent among women (51),
placing them at elevated risk for the convergence of both outcomes.
However, there are no data examining the associations between frailty
and cognition by sex. Other research has found no evidence for sex
differences in associations between physical function and cognition
in older adults (52). A third limitation is that our study alone cannot
infer causation in the relationship between frailty and domain-specific
cognitive impairment and decline; the associations may be attribut-
able to shared common precursors such as cardiovascular risk factors
(17,47), low physical activity, and poor nutrition (48).

These findings inform our understanding of cognitive domain-
specific associations in the etiology of physical frailty and transitions
to clinical frailty. Our study is consistent with the notion that older
adults with impaired executive function at preclinical levels should
be more closely monitored for the onset of frailty. It would be of
public health importance to examine in future research whether both
impaired executive functioning and frailty share causal etiologies,
and if they are jointly associated with elevated risk of adverse out-
comes (eg, falls, hospitalization, and delirium) relative to either alone.
Further, the results have implications for selecting cognitive tests to
assess the risk of frailty: executive functioning tasks appear more sen-
sitive than others to frailty in community-living older adults.
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