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Background. Functional impairment in community-dwelling older adults is common and is associated with poor
outcomes. Our goal was to compare the contribution of impairment in executive function or global cognitive function to
predicting functional decline and mortality.

Methods. We studied 7717 elderly women enrolled in a prospective study (mean age 73.3 years) and identified women
with poor baseline executive function (score . 1 standard deviation [SD] below the mean on the Trail Making Test B
(Trails B; n¼957, 12.4%), poor global cognitive function (score . 1 SD below the mean on a modified Mini-Mental State
Examination [mMMSE], n¼ 387, 5.0%), impairment in both (n¼ 249, 3.2%), or no impairment (n¼ 6124, 79.4%). We
compared level of functional difficulty (Activities of Daily Living [ADLs] and Instrumental ADLs [IADLs]) at baseline
and at 6-year follow-up and survival at follow-up. We also determined if the association was independent of age,
education, depression, medical comorbidities, and baseline functional ability.

Results. At baseline, women with Trails B impairment only or impairment on both tests reported the highest proportion
of ADL and IADL dependence compared to the other groups. At the 6-year follow-up after adjusting for age, education,
medical comorbidities, depression, and baseline ADL or IADL, women with only Trails B impairment were 1.3 times
more likely to develop an incident ADL dependence (adjusted odds ratio [OR] ¼ 1.34; 95% confidence interval [CI],
1.07–1.69) and 1.5 times more likely to develop a worsening of ADL dependence (adjusted OR ¼ 1.48; 95% CI,
1.16–1.89) when compared to women with no impairment on either test. In addition, women with only Trails B im-
pairment had a 1.5-fold increased risk of mortality (adjusted hazard ratio [HR]¼ 1.48; 95% CI, 1.21–1.81). In contrast,
women with impairment on only mMMSE were not at increased risk to develop incident ADL or IADL dependence,
a worsening of ADL or IADL dependence, or mortality.

Conclusion. Compared to women with no impairment, women with executive function impairment had significantly
worse ADL and IADL function cross-sectionally and over 6 years. Individuals with executive dysfunction also had
increased risk of mortality. These results suggest that screening of executive function can help to identify women who are
at risk for functional decline and decreased survival.

FUNCTIONAL dependence in community-dwelling
older adults is common and is associated with lower

quality of life (1), increased health care costs (2), and mor-
tality (3,4). Established risk factors for functional impair-
ment in community-dwelling elderly individuals include
age, female gender, depression, medical comorbidities,
physical activity, and social factors [see (5) for review]. In
addition, several cross-sectional and prospective studies of
nondemented elders report an association between low
scores on global tests of cognitive function, such as the
Mini-Mental State Examination (MMSE) and functional
dependence (6–9). Longitudinal studies also suggest that
low baseline scores on measures of global cognition predict
the onset of new functional impairment (10,11) and an
increase in functional dependence over time (9,12,13).

Although an association between global cognitive impair-
ment and functional status has been established, few studies
have evaluated the contribution of domain-specific cogni-
tive impairment. Executive function is a cognitive ability
that involves the planning and execution of goal-directed
behaviors, abstract reasoning, and judgment (14). Because

the ability to perform Instrumental Activities of Daily
Living (IADL) requires these abilities, even mild executive
dysfunction may impair function. Several studies suggest
that executive and visuospatial functions are related to
functional impairment in patients with dementia (15–18).
However, fewer studies have explored cognitive predictors
of functional impairment in nondemented elderly individ-
uals. For example, several cross-sectional studies suggest
that community-dwelling, elderly individuals with low
scores on executive function tests have more functional
impairment than do elders without executive impairment
(7,19,20). However, it is difficult to establish the direction
of the association given the cross-sectional nature of these
studies. Thus, it is important to prospectively compare the
relative contribution of global cognition and executive
function to functional decline so that appropriate screening
tools can be used for identifying at-risk individuals. In
one of the few longitudinal studies, Wang and colleagues
(12) found that low cognitive function, as measured by
the Cognitive Abilities Screening Instrument (CASI), was
a predictor of functional decline. Another study found that
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a change in a measure of executive function better predicted
IADL decline than the MMSE did (21). These studies all
suggest that poor global cognition may be associated with
functional impairment. However, domain-specific cognitive
impairment, specifically executive dysfunction, may be a
stronger contributor than measures of global cognition.

The purpose of the current study was to investigate the
relationship between baseline impairment on executive
function or on global cognition and functional decline over
6 years. We hypothesized that poor baseline performance on
a brief test of executive function would be associated with
greater functional dependence at baseline and after 6 years
when compared to the performance of individuals without
executive impairment or to those with only global cognitive
impairment. We also hypothesized that this association
would be independent of age, education, depression, med-
ical comorbidities, and baseline ADL or IADL function.

METHODS

Participants
The Study of Osteoporotic Fractures (SOF) is a multicen-

ter, prospective study of risk factors for osteoporotic
fractures in 9704 community-dwelling women older than
65 years who were recruited from four metropolitan areas in
the United States (Baltimore, Pittsburgh, Minneapolis, and
Portland). Participants did not receive a dementia evaluation
at baseline; however, all women were living independently
and were able to provide consent. In addition to the col-
lection of extensive physical data, participants also under-
went repeated cognitive and functional evaluations. A brief
cognitive evaluation (including a modified MMSE [mMMSE]
and the Trail Making Test B [Trails B]) was administered at
baseline, and functional evaluations were completed at base-
line and at the 6-year follow-up visit. The analytic cohort
included the 7717 women who completed the cognitive and
functional evaluations at baseline and the 6313 women who
completed functional evaluations at the 6-year follow-up
visit. Participants who were unavailable at the 6-year visit
included 834 who were deceased, 397 who participated in
the follow-up but did not complete the functional evalua-
tion, 99 who withdrew from the study, and 74 who did not
complete the year 6 visit but remained in the study. All
participants provided written consent that was approved by
the institutional review boards.

Cognitive Tests
Global cognitive function was assessed using the 26-point

mMMSE, a commonly used screening test for dementia
(22). The mMMSE was modified from the original 30-point
MMSE by excluding several orientation items. A higher
score indicated better performance. The Trails B (23) was
used as a brief measure of executive function. This test
requires participants to connect numbers and letters in alter-
nating order and requires the ability to shift sets. The max-
imum amount of time to complete Trails B (300 seconds)
was used, and higher scores indicated worse performance.
We defined impairment on either test as a baseline score
that fell . 1 standard deviation (SD) below the sample mean

(, 23 for mMMSE and . 180 seconds for Trails B). The
cutoff values for Trails B (24) and mMMSE (25,26) are
similar to those in other studies.

Demographics and Health-Related Variables
We collected information on demographics, medical

history, and depression. We assessed medical comorbidity
including history of self-reported physician diagnosis of myo-
cardial infarction, stroke, transient ischemic attack (TIA),
hypertension, or diabetes. Symptoms of depression were
assessed using the Geriatric Depression Scale (GDS, short
form; range ¼ 0–15) (27), with higher scores indicating a
greater number of symptoms.

Measures of Functional Status and Decline
Functional status was assessed using a self-report ques-

tionnaire about ADLs and IADLs modified from the 1984
National Health Interview Survey Supplement on Aging
(28). Two scores were derived: One documented difficulty
on four items (0–4 point scale), and the other measured
degree of difficulty on the four items (0–12 point scale). To
assess ADLs, participants were asked whether they had
difficulty performing the following activities independently:
(1) walking two or three blocks outside on level ground, (2)
dressing, (3) getting in and out of bed, and (4) bathing.
Scores ranged from 0–4 reflecting no difficulty on any items
(0 points) to difficulty on all four items (4 points). At
baseline, ‘‘ADL difficulty’’ was defined as having difficulty
on one or more of the four items. At follow-up, an ‘‘incident
ADL difficulty’’ was defined as an increase in one or more
points on the four items. Participants also rated their level of
ADL difficulty for each of the four items on a scale from
0 to 3 (0 ¼ no difficulty, 1 ¼ some difficulty, 2 ¼ much
difficulty, and 3¼ cannot do). Individual scores (0–3) were
summed across each of the four items to yield a total score
from 0 to 12, with higher scores reflecting a higher level of
ADL difficulty. At follow-up, a ‘‘worsening of ADL
difficulty’’ was defined as an increase in two or more points
on the 12-point ADL difficulty level scale.

To assess IADLs, participants were asked whether they
had difficulty (1) preparing meals, (2) doing heavy house-
work, (3) doing other chores, or (4) shopping for groceries
or clothes. Scores again ranged from 0 to 4, reflecting no
difficulty to difficulty on all four items. ‘‘IADL difficulty’’
was defined as having difficulty on one or more of the IADL
items. At follow-up, an ‘‘incident IADL difficulty’’ was
defined as an increase in one or more points. Participants
also rated IADL difficulty level for each item (0 ¼ no
difficulty, 1¼ some difficulty, 2¼much difficulty, and 3¼
cannot do). Individual scores (0–3) were summed across
each of the four items to yield a total score from 0 to 12,
with higher scores reflecting a higher level of IADL
difficulty. At follow-up, a ‘‘worsening of IADL difficulty’’
was defined as an increase in two or more points on the
12-point IADL difficulty level scale.

Statistical Analyses
The participants were categorized into four groups based

on the baseline cognitive scores (i.e., no impairment on
mMMSE or Trails B, mMMSE impairment only, Trails B
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impairment only, or impairment on both mMMSE and
Trails B). Baseline characteristics were compared across
four groups (n ¼ 7717) using analysis of variance for
continuous variables and chi-square tests for dichotomous
variables. We calculated the change in functional status over
6 years and determined the proportion of women in each
group with ADL or IADL incident and worsening de-
pendence (n ¼ 6313). Logistics regression models were
used to estimate the relationship between baseline cogni-
tive function and a worsening or incident ADL and IADL
difficulty at follow-up. In order to explore whether the
association between cognition and function was confounded
by variables known to influence functional status, we ad-
justed for age, education, depression, medical comorbidities,
and baseline ADL or IADL function. We also used Cox
proportional hazard models to estimate the relationship
between baseline cognitive function and mortality at the
6-year follow-up (n ¼ 834).

RESULTS

At baseline, the 7717 women had a mean age of 73.3
years (SD 5.0 years, range 67–98 years) and 12.7 years of
education (SD 2.8 years, range 1–19 years). The mean
mMMSE was 24.8 points of 26 (SD 1.5, range 14–26). The
mean Trails B score was 132 seconds (SD 59 seconds, range
39–300). At baseline, 79.4% (n ¼ 6124) of the participants
performed within the normal range (i.e., at or above 1 SD
below the mean) on both the mMMSE and Trails B. Of
the remaining participants, 12.4% (n ¼ 957) were impaired
on Trails B only, 5.0% (n ¼ 387) on mMMSE only, and
3.2% (n ¼ 249) were impaired on both the mMMSE and
Trails B. These four cognitive groups were used in sub-
sequent analyses.

Table 1 summarizes the baseline demographic and health-
related variables for each of the four groups. There were
significant group differences (p , .05) on all variables with
the exception of the number of current smokers. Participants
with impaired Trails B only and those with both tests

impaired were older, had more medical comorbidities, and
had higher depression scores. In contrast, participants with
no impairment on either test were younger, better educated,
and had the lowest proportion of medical comorbidities.

At the 6-year follow-up, 6313 women had available
functional data. When comparing baseline characteristics of
the follow-up sample (n¼ 7717) and those without follow-
up (n ¼ 1404), the follow-up sample was slightly younger
(72.8 vs 75.6 years), had slightly higher education (12.8 vs
12.4 years), and had fewer medical comorbidities: history of
myocardial infarction (5.8% vs 12.4%), stroke/TIA (2.2% vs
5.1%), hypertension (35.9% vs 44.4%), and diabetes (5.5%
vs 10.6%) (all p , .001). Participants with follow-up data
also reported lower proportions of baseline ADL difficulty
(22.3%) when compared to participants without follow-up
data (36.8%) (p , .0001). Similarly, the follow-up sample
reported lower proportions of baseline IADL difficulty
(32.2%) when compared to participants without follow-up
data (47.9%) (p , .0001). The women in the follow-up
sample also had significantly higher baseline mMMSE (24.9
vs 24.5, p , .0001) and Trails B scores (125.5 vs 163.6, p ,
.0001). Of the 99 participants who withdrew from the study,
the majority were from the ‘‘Both Impaired’’ (n ¼ 62) and
‘‘Trails B Only Impaired’’ (n ¼ 29) groups.

Baseline Prevalent Functional Difficulty
At baseline, 1926 of all participants reported difficulty on

one or more of the four ADL items. The relative rates of
baseline ADL difficulty within each of the four cognitive
groups were 22.4% (No Impairment), 28.2% (mMMSE
Only Impaired), 36.3% (Trails B Only Impaired), and 38.6%
(Both Impaired). Thus, women with impairment on Trails
B only and on both tests reported the highest proportion
of baseline ADL difficulty compared to women with no
impairment or mMMSE only impairment.

In terms of baseline IADL difficulty, 2704 women
reported difficulty on one or more of the four IADL items.
Relative rates of IADL difficulty within each of the four

Table 1. Baseline Characteristics by Cognitive Impairment Group

Characteristics

No Impairment

(N ¼ 6124)

mMMSE Only

Impaired (N ¼ 387)

Trails B Only

Impaired (N ¼ 957)

Both Impaired

(N ¼ 249) p Value*

Age, y 72.6 6 4.5 73.7 6 4.9 76.4 6 5.8 77.9 6 5.6 , .001

Education, y 13.0 6 2.7 11.4 6 2.9 11.8 6 2.8 10.4 6 3.0 , .001

% Current smoking 7.6 6.5 9.0 6.4 .30

% History of:

Myocardial infarction 6.0 7.5 11.2 13.2 , .001

Stroke/TIA 2.1 2.3 6.4 5.2 , .001

Hypertension 35.7 39.0 46.9 42.6 , .001

Diabetes 5.7 6.2 10.3 8.9 , .001

Geriatric Depression Scale 1.5 6 2.0 1.8 6 2.2 2.4 6 2.5 3.1 6 3.1 , .001

mMMSE score (max. 26) 25.2 6 0.9 21.3 6 1.1 24.7 6 1.0 20.8 6 1.4 , .001

Trails B, s 110 6 31 131 6 30 243 6 41 258 6 40 , .001

% of ADL impairment, �1 item 22.4 28.2 36.3 38.6 , .001

% of IADL impairment, �1 item 32.4 33.1 48.5 50.6 , .001

Notes: Values are presented as mean 6 standard deviation %.

*p Values were from analysis of variance (ANOVA) for continuous variables and chi-square for dichotomous variables.

mMMSE¼modified MMSE; TIA¼ transient ischemic attack; Trails B¼Trail Making Test B; ADL¼Activities of Daily Living; IADL¼ Instrumental Activities

of Daily Living.
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groups were 32.4% (No Impairment), 33.1% (mMMSE
Only Impaired), 48.5% (Trails B Only Impaired), and 50.6%
(Both Impaired). When comparing the four groups, women
with impairment on Trails B only and on both tests reported
the highest proportion of IADL difficulty.

Incident Functional Difficulty at Follow-Up
At the 6-year follow-up, 1272 (20%) of the women

reported incident difficulty on one or more of the four
ADLs. Table 2 summarizes the likelihood of developing
incident ADL or IADL difficulty (increase in 1 or more
points on the 0–4 point scale) over 6 years. Compared to
women with no impairment on either test, women with
impairment on Trails B only and on both tests were
approximately 2 times more likely to develop incident ADL
difficulty (Trails B Only Impaired odds ratio [OR] ¼ 1.87;
95% confidence interval [CI], 1.56–2.26 and Both Impaired
OR ¼ 2.09; 95% CI, 1.47–2.96). The unadjusted OR was
significantly higher for participants with Trails B impair-
ment only when compared with the OR for mMMSE
impairment only (p , .05). When adjusting for age, educa-
tion, medical comorbidities, GDS, and baseline ADL, the
magnitude of the association diminished. After adjustment,
the Trails B Only Impaired and Both Impaired groups were
1.3 times more likely to develop incident ADL impairment
(Trails B Only Impaired adjusted OR¼ 1.34; 95% CI, 1.07–
1.69 and Both Impaired adjusted OR¼ 1.27;95% CI, 0.84–
1.93), although the both impaired group result did not reach
statistical significance. Adjusting for age was a primary

factor that weakened the OR values, particularly in the Both
Impaired group. In contrast, the participants with mMMSE
only impairment were not likely to develop incident ADL
difficulty (adjusted OR ¼ 1.06; 95% CI, 0.77–1.47).

In terms of IADLs, 1653 participants (26%) reported
incident difficulty on one or more of the four IADL items
after 6 years. The women with impairment on Trails B only
or on both tests were between 1.5 and 1.9 times more likely
to develop incident IADL difficulty (Trails B Only Impaired
OR ¼ 1.51; 95% CI, 1.26–1.80 and Both Impaired OR ¼
1.87; 95% CI, 1.33–2.61) (Table 2). In contrast, partici-
pants with mMMSE only impairment were not at an in-
creased risk to develop incident IADL difficulty (OR¼1.13;
95% CI, 0.88–1.45). After adjusting for age, education,
GDS, medical comorbidities, and baseline ADL, none of
the groups were more likely to develop incident IADL
impairment. However, the trend for participants in the Trails
B Only Impaired group to have increased risk for IADL
difficulty remained (OR¼ 1.11; 95% CI, 0.90–1.39) but did
not reach statistical significance.

Worsening of Functional Difficulty at Follow-up
Table 3 summarizes the likelihood of developing a wors-

ening of ADL difficulty level (0–12 point scale) for each
group at the 6-year follow-up. Participants who had either
impairment on Trails B only or on both tests were between
2.4 and 2.8 times more likely to develop a worsening
of ADL difficulty (Trails B Only Impaired OR ¼ 2.37;
95% CI, 1.94–2.89 and Both Impaired OR¼ 2.80; 95% CI,

Table 2. Odds Ratio and 95% Confidence Interval of Incident Functional Difficulty

(Increase in 1 or More Points on the 0–4 Scale) at 6-Year Follow-Up

Model No Impairment mMMSE Only Impaired Trails B Only Impaired Both Impaired

ADLs

Unadjusted 1.0 1.22 (0.93, 1.61) 1.87 (1.56, 2.26) 2.09 (1.47, 2.96)

Age adjusted 1.0 1.14 (0.86, 1.50) 1.52 (1.25, 1.84) 1.50 (1.04, 2.15)

Adjusted for age, education, comorbidities, GDS, baseline ADL 1.0 1.06 (0.77, 1.47) 1.34 (1.07, 1.69) 1.27 (0.84, 1.93)

IADLs

Unadjusted 1.0 1.13 (0.88, 1.45) 1.51 (1.26, 1.80) 1.87 (1.33, 2.61)

Age adjusted 1.0 1.05 (0.81, 1.35) 1.21 (1.00, 1.45) 1.32 (0.93, 1.86)

Adjusted for age, education, comorbidities, GDS, baseline ADL 1.0 1.02 (0.76, 1.37) 1.11 (0.90, 1.39) 0.95 (0.63, 1.42)

Note: mMMSE¼modified Mini-Mental State Examination; Trails B¼Trail Making Test B; ADLs¼Activities of Daily Living; IADLs¼ Instrumental Activities of

Daily Living; GDS¼ Geriatric Depression Scale.

Table 3. Odds Ratios and 95% Confidence Intervals of Developing a Worsening of Functional Difficulty

(an Increase in 2 or More Points on the 0–12 Scale) at 6-Year Follow-Up

Model No Impairment mMMSE Only Impaired Trails B Only Impaired Both Impaired

ADL

Unadjusted 1.0 1.25 (0.92, 1.71) 2.37 (1.94, 2.89) 2.80 (1.95, 4.03)

Age adjusted 1.0 1.14 (0.83, 1.56) 1.82 (1.48, 2.24) 1.84 (1.26, 2.69)

Adjusted for age, education, comorbidities, GDS, baseline ADL 1.0 1.10 (0.77, 1.58) 1.48 (1.16, 1.89) 1.31 (0.84, 2.04)

IADL

Unadjusted 1.0 1.22 (0.93, 1.58) 1.80 (1.50, 2.16) 2.44 (1.74, 3.41)

Age adjusted 1.0 1.11 (0.85, 1.46) 1.39 (1.15, 1.68) 1.63 (1.15, 2.31)

Adjusted for age, education, comorbidities, GDS, baseline ADL 1.0 1.09 (0.80, 1.49) 1.23 (0.98, 1.54) 1.22 (0.81, 1.83)

Note: mMMSE¼modified Mini-Mental State Examination; Trails B¼Trail Making Test B; ADL¼Activities of Daily Living; GDS¼Geriatric Depression Scale;

IADL ¼ Instrumental Activities of Daily Living.
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1.95–4.03). The unadjusted OR for the Trails B Only
Impaired group was significantly higher than the OR for the
mMMSE Only Impaired group (p , .05). When adjusting
for age, education, GDS, medical comorbidities, and base-
line ADL difficulty level, the magnitude of the association
diminished, and the association remained significant for
only Trails B impairment (adjusted OR ¼ 1.48; 95% CI,
1.16–1.89). The trend for the Both Impaired group remained
but did not reach statistical significance (adjusted OR ¼
1.31; 95% CI, 0.84–2.04). In contrast, participants with
impaired mMMSE alone were not more likely to develop
a worsening of ADL difficulty after 6 years (adjusted OR¼
1.10; 95% CI, 0.77–1.58).

In terms of IADL difficulty level at follow-up, partic-
ipants with impairment on Trails B only or on both tests
were 1.8 and 2.4 times more likely to develop a worsening
of IADL difficulty (Trails B Only Impaired OR¼ 1.80; 95%
CI, 1.50–2.16 and Both Impaired OR¼ 2.44; 95% CI, 1.74–
3.41) (Table 3). The unadjusted OR for the Trails B Only
Impaired group was significantly greater than the OR for the
mMMSE only impairment (p , .05). This association did
not remain statistically significant after adjustment for age,
education, GDS, medical comorbidities, and baseline IADL
difficulty level. However, the trend remained for the Trails
B Only Impaired (adjusted OR ¼ 1.2; 95% CI, 0.98–1.54)
and Both Impaired groups (adjusted OR ¼ 1.22; 95% CI,
0.81–1.83).

Survival at Follow-Up
At the 6-year follow-up, 834 (10.8%) of the women were

deceased. Compared to women with no impairment on
either test, the women with Trails B only impaired or both
tests impaired had between 2.4- and 2.8-fold increased risks
of mortality after 6 years (Trails B Only Impaired hazard
ratio [HR] ¼ 2.42; 95% CI, 2.05–2.84 and Both Impaired
HR ¼ 2.81; 95% CI, 2.15–3.66) (Table 4). In contrast, the
women with mMMSE only impairment did not have an
increased risk for mortality. After adjusting for age,
education, medical comorbidities, and GDS, this association
remained statistically significant. Women with Trails B only
impaired and both tests impaired had an approximately 1.5
times greater risk of mortality (Trails B Only Impaired
HR¼1.48; 95% CI, 1.21–1.81 and Both Impaired HR¼1.39;
95% CI, 1.00–1.04) than did women with no impairment.
Thus, women who scored lower on Trails B at baseline
(with or without a low mMMSE score) were at increased
risk for mortality after 6 years.

DISCUSSION

In this large sample of community-dwelling older
women, baseline scores on a brief measure of executive

function (Trails B) and a combination of impairment on
Trails B and a test of global cognitive function (mMMSE)
were associated with ADL and IADL difficulty both cross-
sectionally and longitudinally. The cross-sectional results
suggest that individuals with poor executive function, either
with or without impaired scores on the mMMSE, were more
likely to have prevalent functional difficulty when compared
to women with no cognitive impairment. This finding is
supported by prior studies that also found a strong cross-
sectional relationship between executive function and
functional dependence (7,19,20,29).

In addition, the participants with Trails B impairment at
baseline were more likely to develop incident as well as
worsening of functional difficulty level, especially ADL
difficulty, after 6 years, suggesting that a low score on an
executive function test is also a risk for future functional
decline. This association remained after adjusting for age,
education, medical comorbidities, depression, and baseline
functional difficulty level. This finding is important to
demonstrate because other studies suggest that age, educa-
tion, and medical comorbidities influence functional status
(30,31). Finally, women with low scores on Trails B, either
with or without mMMSE impairment, also had an increased
risk of mortality after 6 years, suggesting that low scores on
a brief test of executive function are associated with poor
outcomes on multiple measures.

Our results also suggested that the participants with Trails
B impairment were at greater risk for changes in ADL than
IADL dependence. This is a curious observation because
most studies link executive dysfunction with IADL de-
pendence. In our study, the ADLs included walking several
blocks, dressing, getting in and out of bed, and bathing.
Thus, the ADLs assessed in the current study may require
a higher level of functioning than other ADLs assessed
(such as toileting) and depend on executive function. A
recent study suggests that dependence in bathing, which
requires multiple steps, is associated with risk for nursing
home placement in a community-dwelling sample (32) and,
thereby, may require some higher cognitive functions. It is
also important to keep in mind that few studies assess both
ADLs and IADLs and executive function in the same study,
and several combine ADL and IADL scores. In one study,
Wang and colleagues (12) assessed both ADLs and IADLs
but did not comment extensively about the differential
effects. Most models of functional dependence [e.g., (33)]
predict that IADLs are more strongly associated with tests of
higher cognitive function than ADLs. Future studies should
directly compare the impact of global cognition and domain-
specific cognition on ADLs and IADLs independently.

Executive functioning is a cognitive skill that involves
the planning, initiation, and execution of goal-directed
behaviors, mental flexibility, and problem solving (34–36).

Table 4. Hazard Ratios and 95% Confidence Intervals of Mortality at 6-Year Follow-Up

Model No Impairment mMMSE Only Impaired Trails B Only Impaired Both Impaired

Unadjusted 1.0 0.95 (0.67, 1.34) 2.42 (2.05, 2.84) 2.81 (2.15, 3.66)

Age adjusted 1.0 0.85 (0.60, 1.21) 1.75 (1.47, 2.08) 1.81 (1.37, 2.38)

Adjusted for age, education, comorbidities, GDS 1.0 0.80 (0.54, 1.19) 1.48 (1.21, 1.81) 1.39 (1.00, 1.94)

Note: mMMSE ¼ modified Mini-Mental State Examination; Trails B¼ Trail Making Test B; GDS ¼ Geriatric Depression Scale.
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Because the ability to perform ADL and IADLs, such as
paying bills, dressing, preparing meals, and shopping,
involves many of these skills, it is possible that even mild
executive dysfunction could impact functional ability. Trails
B, the measure of executive function in the current study,
requires mental flexibility, set-shifting, and attention, which
are needed for many ADLs, IADLs, and other daily
functions (7,19). It is important to note that using Trails B
alone without the Trails A condition, which controls for the
motor component, is not an optimal measure of executive
function; however, several studies, particularly older epide-
miological studies, administer only Trails B [e.g., (37–39)].
Carlson and colleagues (20) found that Trails B, but not
Trails A, accounted for a significant proportion of the
variance in IADL performance in a sample of community-
dwelling older adults. Future studies should use more com-
prehensive measures of executive function.

Measures of executive function may be a more sensitive
marker than global measures of cognition of functional
difficulty (7,40). In our study, Trails B was also a stronger
predictor than the mMMSE of functional decline over time.
This is not surprising because measures of global cognition
test a wide range of skills in a superficial manner and do
not adequately test executive function. It is also plausible
that executive function is more sensitive than other cog-
nitive domains. For example, Carlson and colleagues (20)
found that a factor score derived from four tests of execu-
tive function was more strongly associated with IADLs than
with learning and memory performance in community-
dwelling women. Another study with 27 community-
dwelling elders found that executive measures were better
predictors of functional status than memory, language,
visuospatial, or psychomotor function (19). Intact executive
function, in particular, appears to be important for per-
forming ADLs and IADLs. Our findings are also supported
by a recent study (21) that found that a decline in execu-
tive function, as measured by the Executive Interview
(EXIT25), over time was related to a decline in functional
status over 3 years in nondemented elderly persons. This
study also found that the MMSE was not associated with
a change in IADLs over time.

The presence of executive dysfunction despite a normal
score on the MMSE may represent a continuum of normal
aging or possibly a preclinical stage of dementia. The
prefrontal cortex is particularly vulnerable to the effects
of aging. Older individuals perform worse than younger
individuals on tests of executive function (41), and brain
imaging studies document a preferential decrease in pre-
frontal cortex volume with age (42,43). Dysexecutive-like
behaviors, such as difficulty with planning, impulsivity, and
lapses of attention, have been described in normal, older
adult populations (44–46). However, some individuals may
show preferential damage to the prefrontal cortex and
develop executive dysfunction (47). Grigsby and colleagues
(29) found that 9% of community-dwelling elders older than
60 years had impairment on the Behavioral Dyscontrol
Scale despite normal performance on the MMSE, which is
similar to the proportion of individuals with an isolated
impairment on the Trails B test in the current study. An
isolated impairment in executive function has also been

documented in vascular cognitive impairment (48) and in
preclinical stages of frontotemporal dementia (49) and
Parkinson’s disease (50). Thus, differentiating between nor-
mal, age-related changes and declines that hallmark a pre-
clinical disease stage is important.

Cognitive impairment in older adults is a well-known
predictor of mortality in both demented and nondemented
populations, even after controlling for demographic and
baseline characteristics. Although it is well-documented that
moderate to severe cognitive impairment is associated with
mortality, fewer studies evaluate the effect of subtle cog-
nitive impairment on mortality. Several studies document
a relationship between the MMSE (or other tests of general
cognition) and mortality in nondemented samples (51–53);
however, other studies have not found this relationship (3).
Although few studies evaluate cognitive tests from multiple
cognitive domains, earlier studies found that low perfor-
mance on verbal fluency and episodic memory tasks are
significant predictors of mortality (54). Fried and colleagues
(3) found that the Digit Symbol Substitution task (which
requires visuomotor coordination), but not the MMSE,
predicted mortality after 5 years. In our study, low scores
on Trails B were also associated with an increased risk of
mortality.

There are several limitations of this study. First, the use of
self-report functional questionnaires, and not performance-
based measures, may underestimate functional dependence
in elderly individuals (6). In addition, tests from multiple
cognitive domains were not available to compare the con-
tribution to functional dependence. The use of Trails B
(without using Trails A as a control) is also not ideal. Future
studies should use more comprehensive measures of exec-
utive function. Although several studies suggest that execu-
tive function is a good predictor of functional decline,
few studies compare multiple cognitive domains (19,20) or
use a comprehensive selection of executive function tests.
Another weakness of this study is the absence of a com-
prehensive dementia evaluation. It is possible that women
with mild cognitive impairment or possibly mild dementia
were included in the sample. Although we can infer that
the community-dwelling individuals were not severely de-
mented, a comprehensive dementia evaluation is the only
way to confirm the absence of dementia. A dementia eval-
uation was not possible due to the large sample size.
Another limitation was the fact that the follow-up sample
was 18% smaller than the original sample. The participants
who completed the 6-year follow-up visit reported sig-
nificantly less baseline difficulty on both ADL and IADL
scales, and the longitudinal results are likely an under-
estimate of functional decline. Finally, the study popula-
tion was composed of only women who were primarily
Caucasian, making it difficult to generalize to men or other
ethnic groups.

Summary
Executive dysfunction is a predictor of functional dif-

ficulty in community-dwelling elderly women both cross-
sectionally and longitudinally. The findings from this study
add to other studies suggesting that executive function
is more strongly associated with functional difficulty than
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measures of global cognition. This study is unique in that it
provides strong support that executive function is a predictor
of future functional difficulty and decline over time. This
result emphasizes the importance of screening for executive
impairment, in addition to measures of global cognition, in
elderly individuals. Future studies should also better inves-
tigate the clinical outcome of individuals who have execu-
tive impairment and preserved global cognition.

ACKNOWLEDGMENTS

This work was supported by Public Health Service Grants AG05407,
AR35582, AG05394, AR35584, and AR35583. Dr. Johnson is supported
by National Institutes of Health/National Institute on Aging (NIH/NIA)
Grant R01-AG22538, and Dr. Yaffe is supported in part by NIA-R01
AG021918-01 and R01 AG026720-01.

An abstract of this article was presented at the 2004 Academy of
Neurology conference.

CORRESPONDENCE

Address correspondence to Julene K. Johnson, PhD, UCSF Department
of Neurology, Memory and Aging Center, 350 Parnassus, Suite 706, San
Francisco, CA 94117. E-mail: jjohnson@memory.ucsf.edu

REFERENCES

1. Broe GA, Jorm AF, Creasey H, et al. Impact of chronic systemic and
neurological disorders on disability, depression and life satisfaction.
Int J Geriatr Psychiatry. 1998;13:667–673.

2. Fried LP, Guralnik JM. Disability in older adults: evidence regarding
significance, etiology, and risk. J Am Geriatr Soc. 1997;45:92–100.

3. Fried LP, Kronmal RA, Newman AB, et al. Risk factors for 5-year
mortality in older adults: the Cardiovascular Health Study. JAMA. 1998;
279:585–592.

4. Scott WK, Macera CA, Cornman CB, Sharpe PA. Functional health
status as a predictor of mortality in men and women over 65. J Clin
Epidemiol. 1997;50:291–296.

5. Stuck AE, Walthert JM, Nikolaus T, Bula CJ, Hohmann C, Beck
JC. Risk factors for functional status decline in community-living
elderly people: a systematic literature review. Soc Sci Med. 1999;48:
445–469.

6. Kelly-Hayes M, Jette AM, Wolf PA, D’Agostino RB, Odell PM.
Functional limitations and disability among elders in the Framingham
Study. Am J Public Health. 1992;82:841–845.

7. Grigsby J, Kaye K, Baxter J, Shetterly SM, Hamman RF. Executive
cognitive abilities and functional status among community-dwelling
older persons in the San Luis Valley Health and Aging Study. J Am
Geriatr Soc. 1998;46:590–596.

8. Warren EJ, Grek A, Conn D, et al. A correlation between cognitive
performance and daily functioning in elderly people. J Geriatr
Psychiatry Neurol. 1989;2:96–100.

9. Aguero-Torres H, Thomas VS, Winblad B, Fratiglioni L. The impact
of somatic and cognitive disorders on the functional status of the
elderly. J Clin Epidemiol. 2002;55:1007–1012.

10. Moritz DJ, Kasl SV, Berkman LF. Cognitive functioning and the
incidence of limitations in activities of daily living in an elderly
community sample. Am J Epidemiol. 1995;141:41–49.

11. Gill TM, Williams CS, Richardson ED, Tinetti ME. Impairments in
physical performance and cognitive status as predisposing factors for
functional dependence among nondisabled older persons. J Gerontol
Med Sci. 1996;51A:M283–M288.

12. Wang L, van Belle G, Kukull WB, Larson EB. Predictors of functional
change: a longitudinal study of nondemented people aged 65 and older.
J Am Geriatr Soc. 2002;50:1525–1534.

13. Gill TM, Hardy SE, Williams CS. Underestimation of disability in
community-living older persons. J Am Geriatr Soc. 2002;50:1492–
1497.

14. Lezak MD. Neuropsychological Assessment, 3rd ed. New York: Oxford
University Press; 1995.

15. Boyle PA, Malloy PF, Salloway S, Cahn-Weiner DA, Cohen R,
Cummings JL. Executive dysfunction and apathy predict functional
impairment in Alzheimer disease. Am J Geriatr Psychiatry. 2003;
11:214–221.

16. Glosser G, Gallo J, Duda N, de Vries JJ, Clark CM, Grossman M.
Visual perceptual functions predict instrumental activities of daily
living in patients with dementia. Neuropsychiatry Neuropsychol Behav
Neurol. 2002;15:198–206.

17. Boyle PA, Paul R, Moser D, Zawacki T, Gordon N, Cohen R.
Cognitive and neurologic predictors of functional impairment in vas-
cular dementia. Am J Geriatr Psychiatry. 2003;11:103–106.

18. Jefferson AL, Paul RH, Ozonoff A, Cohen RA. Evaluating ele-
ments of executive functioning as predictors of instrumental activ-
ities of daily living (IADLs). Arch Clin Neuropsychol. 2006;21:
311–320.

19. Cahn-Weiner DA, Malloy PF, Boyle PA, Marran M, Salloway S.
Prediction of functional status from neuropsychological tests in
community-dwelling elderly individuals. Clin Neuropsychol. 2000;14:
187–195.

20. Carlson MC, Fried LP, Xue QL, Bandeen-Roche K, Zeger SL, Brandt J.
Association between executive attention and physical functional
performance in community-dwelling older women. J Gerontol Soc Sci.
1999;54B:S262–S270.

21. Royall DR, Palmer R, Chiodo LK, Polk MJ. Declining executive
control in normal aging predicts change in functional status: the
Freedom House study. J Am Geriatr Soc. 2004;52:346–352.

22. Folstein MF, Folstein SE, McHugh PR. ‘‘Mini-mental state’’. A
practical method for grading the mental state of patients for the
clinician. J Psychiatr Res. 1975;12:189–198.

23. Reitan RM. Trail Making Test: Manual for Administration and
Scoring. Tuscon, AZ: Reitan Neuropsychology Laboratory; 1992.

24. Yeudall LT, Reddon JR, Gill DM, Stefanyk WO. Normative data for
the Halstead-Reitan neuropsychological tests stratified by age and sex.
J Clin Psychol. 1987;43:346–367.

25. Lin MY, Gutierrez PR, Stone KL, et al. Vision impairment and com-
bined vision and hearing impairment predict cognitive and functional
decline in older women. J Am Geriatr Soc. 2004;52:1996–2002.

26. Elkins JS, Yaffe K, Cauley JA, Fink HA, Hillier TA, Johnston SC. Pre-
existing hypertension and the impact of stroke on cognitive function.
Ann Neurol. 2005;58:68–74.

27. Yesavage JA, Brink TL, Rolse TL, et al. Development and validity of
a Geriatric Depression Scale: a preliminary report. J Psychiatr Res.
1983;17:37–49.

28. Fitti JE, Koval MG. The Supplement on Aging to the 1984 National
Health Interview Survey. Vital Health Stat 1. 1987;21:1–115.

29. Grigsby J, Kaye K, Shetterly SM, Baxter J, Morgenstern NE, Hamman
RF. Prevalence of disorders of executive cognitive functioning among
the elderly: findings from the San Luis Valley Health and Aging Study.
Neuroepidemiol. 2002;21:213–220.

30. Mehta KM, Yaffe K, Covinsky KE. Cognitive impairment, depressive
symptoms, and functional decline in older people. J Am Geriatr Soc.
2002;50:1045–1050.

31. Chen P, Yu ES, Zhang M, Liu WT, Hill R, Katzman R. ADL
dependence and medical conditions in Chinese older persons: a
population-based survey in Shanghai, China. J Am Geriatr Soc. 1995;
43:378–383.

32. Gill TM, Allore HG, Han L. Bathing disability and the risk of long-term
admission to a nursing home. J Gerontol Biol Sci Med Sci. 2006;61A:
821–825.

33. Lawton MP, Brody EM. Assessment of older people: self-maintaining
and instrumental activities of daily living. Gerontologist. 1969;9:
179–186.

34. Stuss DT, Alexander MP. Executive functions and the frontal lobes:
a conceptual view. Psychol Res. 2000;63:289–298.

35. Fuster JM. Executive frontal functions. Exp Brain Res. 2000;133:
66–70.

36. Boone KB. Neuropsychological assessment of executive functions.
In: Miller BL, Cummings JL, eds. The Human Frontal Lobes. New
York: The Guilford Press; 1999.

37. Yaffe K, Lui LY, Zmuda J, Cauley J. Sex hormones and cognitive
function in older men. J Am Geriatr Soc. 2002;50:707–712.

1140 JOHNSON ET AL.

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/article/62/10/1134/568423 by guest on 09 April 2024



38. Rapp MA, Reischies FM. Attention and executive control predict
Alzheimer disease in late life: results from the Berlin Aging Study
(BASE). Am J Geriatr Psychiatry. 2005;13:134–141.

39. Kritz-Silverstein D, Barrett-Connor E. Hysterectomy, oophorectomy, and
cognitive function in older women. J Am Geriatr Soc. 2002;50:55–61.

40. Kaye K, Grigsby J, Robbins LJ, Korzun B. Prediction of independent
functioning and behavior problems in geriatric patients. J Am Geriatr
Soc. 1990;38:1304–1310.

41. Salthouse TA, Atkinson TM, Berish DE. Executive functioning as
a potential mediator of age-related cognitive decline in normal adults.
J Exp Psychol Gen. 2003;132:566–594.

42. Raz N, Gunning FM, Head D, et al. Selective aging of the human
cerebral cortex observed in vivo: differential vulnerability of the
prefrontal gray matter. Cereb Cortex. 1997;7:268–282.

43. Salat DH, Kaye JA, Janowsky JS. Prefrontal gray and white matter
volumes in healthy aging and Alzheimer disease. Arch Neurol. 1999;
56:338–344.

44. Chan RC. Dysexecutive symptoms among a non-clinical sample:
a study with the use of the Dysexecutive Questionnaire. Br J Psychol.
2001;92 Part 3:551–565.

45. Amieva H, Phillips L, Della Sala S. Behavioral dysexecutive symptoms
in normal aging. Brain Cogn. 2003;53:129–132.

46. Fallgatter AJ, Bartsch AJ, Strik WK, et al. Test-retest reliability of
electrophysiological parameters related to cognitive motor control.
Clin Neurophysiol. 2001;112:198–204.

47. Johnson JK, Vogt BA, Kim R, Cotman CW, Head E. Isolated executive
impairment and associated frontal neuropathology. Dement Geriatr
Cogn Disord. 2004;17:360–367.

48. Frisoni GB, Galluzzi S, Bresciani L, Zanetti O, Geroldi C. Mild cog-
nitive impairment with subcortical vascular features: clinical character-
istics and outcome. J Neurol. 2002;249:1423–1432.

49. Geschwind DH, Robidoux J, Alarcon M, et al. Dementia and
neurodevelopmental predisposition: cognitive dysfunction in presymp-
tomatic subjects precedes dementia by decades in frontotemporal
dementia. Ann Neurol. 2001;50:741–746.

50. Woods SP, Troster AI. Prodromal frontal/executive dysfunction
predicts incident dementia in Parkinson’s disease. J Int Neuropsychol
Soc. 2003;9:17–24.

51. McGuire LC, Ford ES, Ajani UA. Cognitive functioning as a predictor
of functional disability in later life. Am J Geriatr Psychiatry. 2006;14:
36–42.

52. Kelman HR, Thomas C, Kennedy GJ, Cheng J. Cognitive impairment
and mortality in older community residents. Am J Public Health. 1994;
84:1255–1260.

53. Ramos LR, Simoes EJ, Albert MS. Dependence in activities of daily
living and cognitive impairment strongly predicted mortality in older
urban residents in Brazil: a 2-year follow-up. J Am Geriatr Soc. 2001;
49:1168–1175.

54. Small BJ, Backman L. Cognitive correlates of mortality: evidence
from a population-based sample of very old adults. Psychol Aging.
1997;12:309–313.

Received June 23, 2006
Accepted January 9, 2007
Decision Editor: Darryl Wieland, PhD, MPH

1141EXECUTIVE FUNCTION AND IADL DECLINE

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/article/62/10/1134/568423 by guest on 09 April 2024


