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Abstract

Background: Both cognitive function and gait speed are im-
portant correlates of disability. However, little is known
about the combined effect of cognitive function and gait
speed on multiple domains of disability as well as about the
role of gait speed in the association between cognitive func-
tion and late-life disability. Objective: To investigate (1) how
cognition and habitual gait speed are related to late-life dis-
ability; (2) the role of habitual gait speed in the cognition-
disability association; and (3) the combined effect of cogni-
tive function and habitual gait speed on late-life disability.
Method: Participants (>60 years, n = 2,481) were from the
National Health and Nutrition Examination Survey 1999-
2002. Disability in activities of daily living (ADL), instrumen-
tal ADL (IADL), leisure and social activities (LSA), and lower
extremity mobility (LEM) was obtained by self-report. Cog-
nitive function was measured by a 2-min timed Digit Symbol
Substitution Test (DSST), an executive function measure
from the Wechsler Adult Intelligence Test. Habitual gait
speed was obtained from a 20-foot timed walk. Multiple lo-

gistic regression was used to assess the association between
cognitive function and disability. Results: Cognitive func-
tion was associated with decreased likelihood for disability
in each domain. The odds ratios (ORs) for disability in ADL,
IADL, LSA, and LEM for each standard deviation (SD) increase
in the DSST score were 0.47 (95% confidence interval [Cl] =
0.34-0.64), 0.53 (95% Cl = 0.42-0.67), 0.61 (95% Cl = 0.47-
0.79),and 0.73 (95% CI=0.61-0.86), respectively, in the multi-
variable models. After additional adjustment for habitual
gait speed in the cognition-disability relationship, DSST
score was no longer a significant correlate for LSA and LEM
disability. The strength of the association between DSST
score and disability in ADL/IADL was also diminished. The
attenuated association between cognition and disability im-
plies that limitation in gait speed likely mediates the asso-
ciation between cognitive function and disability. We found
additive effects of cognition and habitual gait speed on late-
life disability. The OR of disability in respective domains were
lowest among participants with high-DSST score (high ex-
ecutive function) and with high gait speed. In contrast, the
OR tended to be highest among participants with low-DSST
score (low executive function) and low gait speed. Conclu-
sion: Cognitive function was associated with multiple do-
mains of disability. There was a joint effect of cognitive func-
tion and gait speed on late-life disability. This study also
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suggested that habitual gait speed partially mediated the
inverse association between cognitive function and late-life
disability, providing a mechanistic explanation in the con-
text of disablement process. Copyright © 2007 S. Karger AG, Basel

Introduction

With life expectancy reaching a historic acme, disabil-
ity and loss of independence have become common fea-
tures in an aging society [1]. Functional disability repre-
sents the interaction of performance ability with an indi-
vidual’s environment, and affects the quality of life of
elderly people. Functional disability is associated with the
frequent use of health and social services. Disability in
older adults has become a major public health concern,
receiving increasing attention internationally [2-4]. Op-
erationally, the concept of disability encompasses a num-
ber of domains. These include activities of daily living
(ADL), instrumental activities of daily living (IADL), so-
cial activities, and leisure activities [5].

Because of the prevalence and complexity of this issue
it has become increasingly important to understand the
predictors and correlates of functional disability in aging
adults. Two seemingly independent but important pre-
dictors of disability in old age is the presence of declines
in cognition, and gait. Cognitive function has been iden-
tified as one of the most important correlates of disabil-
ity. Cross-sectional studies have shown that low cognitive
performance was associated with disability in ADL and
IADL [6, 7]. The cross-sectional association was further
supported by several prospective studies. For example,
Raji et al. [8] found that low Mini-Mental State Examina-
tion scores were associated with increased risk of ADL
disability over a 7-year period in older Mexican Ameri-
cans. Dodge et al. [9] also showed that cognitive impair-
ment predicted incident disability in specific ADL-IADL
tasks among community-dwelling Japanese elders [9].

Gait speed, a measure of lower-extremity function, is
another important predictor of disability. Guralnik et al.
[10] found that lower-extremity function, evaluated by
tests of gait speed, standing balance, and time to rise from
a chair, was inversely associated with mobility and ADL
disability after a 4-year period. Shinkai et al. [11], too,
demonstrated that gait speed was a good predictor for
ADL dependence in a group of Japanese community-
dwelling elders. Moreover, gait speed has been suggested
to be related to cognitive function as evidenced by sev-
eral geriatric studies. Waite et al. [12] suggested that par-
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ticipants with dementia had gait abnormalities charac-
terized by slowing and ataxia. The InCHIANTI study
also demonstrated that executive function correlated
with gait speed in older persons [13].

Animportant theoretical model of the pathway to late-
life disability was proposed by Nagi [14]. Nagi’s construct
of disablement consists of four related but distinct catego-
ries that represent the causal connection between pathol-
ogy and actual disability. These are: ‘active pathology’
(such as stroke), ‘impairment’ (such as low muscle
strength and cognitive impairment), ‘functional limita-
tion’ (such as slow gait speed), and ‘disability’. Critical to
the current data is the idea that disability can be opera-
tionalized within several different dimensions including:
basic ADL, IADL, role activities, social activities and lei-
sure activities [13-15]. Presumably different underlying
pathologies may be linked to different dimensions. Al-
though it is becoming clear that cognitive impairment
(‘impairment’) and slow gait speed (‘functional limita-
tion”) may co-occur with advancing age, and that each of
these factors may contribute to disability, little is known
about the role of gait speed in the association between
cognition and disability. Moreover, the combined effect
of cognition and gait speed on different aspects of dis-
ability has not been well-examined. Therefore, we hy-
pothesize that habitual gait speed mediates the cogni-
tion-disability association and that there is an additive
effect of cognition and habitual gait speed on disability
and that this will affect more than one dimension of dis-
ability. We will investigate the study hypotheses by ana-
lyzing data from the US National Health and Nutrition
Examination Survey (NHANES) 1999-2002.

Methods

Study Design and Population

The NHANES is a population-based survey designed to col-
lect information on the health and nutrition of the US household
population. The NHANES used a stratified, and cluster sampling
design to obtain a representative sample of the non-institutional-
ized civilian US population. Beginning in 1999, the NHANES
became a continuous, annual survey rather than the periodic sur-
vey that it had been in the past. The survey data are released every
2 years. Detailed Survey Operations Manuals, Consent Docu-
ments, and Brochures of the NHANES 1999-2002 are available in
the NHANES website [16, 17].

Cognitive functioning was assessed in the NHANES partici-
pants aged 60 years and older using the Digit Symbol Substitution
Test (DSST). Among the 3,342 participants who could be tested
in a quiet place with minimal distractions, 77 refused the sample
exercise of DSST. Another 206 potential participants were unable
to be tested on the sample DSST because of severe cognitive limi-
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Table 1. Self-report disability* )
Domains

Components

Activities of daily living

Eating difficulty

Dressing yourself difficulty

Walking between rooms on same floor difficulty
Getting in and out of bed difficulty

Instrumental activities of daily living

Managing money difficulty
House chore difficulty
Preparing meals difficulty

Leisure and social activities

Going out to movies and events difficulty
Attending social event difficulty
Leisure activity at home difficulty

Lower extremity mobility

Walking for a quarter mile difficulty
Walking up ten steps difficulty

* Participants aged 60 and older were asked 19 questions in the Physical Functioning
Questionnaire. The remaining 7 questions, without specifically addressing the above
disability domains, were not included in the analyses. These 7 questions were (1) stoop-
ing, crouching, kneeling difficulty; (2) lifting or carrying difficulty; (3) standing up from
armless chair difficulty; (4) standing for long periods difficulty; (5) sitting for long pe-
riods difficulty; (6) reaching up over head difficulty; and (7) grasp/holding small objects

difficulty.

tations (e.g. inability to understand the instructions), physical
limitations (e.g. arthritis or hand injury etc.), or other reasons re-
lated to testing conditions (e.g. no flat surface for writing). Of the
3,059 participants who successfully completed the sample DSST,
19 never worked on the 2-min timed DSST while 65 started the
2-min DSST but did not complete the test, leaving 2,975 partici-
pants who worked for the entire 2-min duration. All of the 2,975
participants finished the Physical Functioning Questionnaire
(PFQ) to assess the level of disability in performing various tasks
without using any special equipment. Of these, 494 were missing
values in timed 20-foot walk test because of participants’ absence
for gait speed evaluation (263 participants), being unable to walk
alone without holding onto someone (227 participants), or other
reasons not specified (4 participants). Those with non-missing
values tended to perform better in the DSST (correct answers 42
vs. 34), be younger (71.0 vs. 74.7 years), be more male (49.4 vs.
43.2%), and be less disabled in all disability domains. No differ-
ences were noted in body mass index (BMI) or race/ethnicity.
Therefore, the analytic sample was composed of 2,481 partici-
pants who completed the DSST, timed walk test, as well as PFQ to
ascertain self-reported disability.

Cognitive Function

DSST, the cognitive test in the NHANES, was administered
during the household interview. The DSST, a component of the
Wechsler Adult Intelligence Test [18] and a test of visuospatial and
motor speed-of-processing, has a considerable executive function
component and is frequently used as a sensitive measure of fron-
tal lobe executive functions [19, 20]. Participants were asked to
copy symbols that were paired with numbers within 2 min. Fol-
lowing the standard scoring method, one point is given for each
correctly drawn symbol. The maximum score is 133.
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Disability

The PFQ was designed to assess levels of dependence in per-
forming various tasks. Twelve questions, selected from the origi-
nal 19 questions, were classified into four disability domains:
ADL,IADL, leisure and social activities (LSA), and lower extrem-
ity mobility (LEM) (table 1). A participant’s answer to a given
question was coded as ‘no difficulty’, ‘some difficulty’, ‘much dif-
ficulty’, or ‘unable to do’. Disability was defined if a person re-
ported much difficulty or unable to perform any activities within
a given domain.

Habitual Gait Speed

Habitual gait speed was measured in the Medical Examination
Center (MEC) of the NHANES according to a standardized pro-
tocol. A 20 feet long test tract area was set up in a corridor of the
MEC. The 20-foot walk was timed using a hand-held stopwatch.
Habitual gait speed was selected as the measure of walking func-
tion because it predicted subsequent disability [10, 11]. The 20-
foot timed walk test was performed at the participant’s usual pace.
Use of a walker or cane was allowed if needed. Habitual gait speed
was calculated as walking distance (20 feet = 6.15 m) divided by
time (s).

Adjusted Covariates

Age, gender, race, educational level, and smoking status were
obtained from self-report. Diabetes was defined by a self-re-
port doctor’s diagnosis, the presence of a random glucose level
>200 mg/dl, or the use of diabetic medications (insulin and/or
oral hypoglycemic agents). Three and sometimes four blood pres-
sure (BP) determinations were taken using a mercury sphygmo-
manometer by a physician. BP was measured in the right arm
unless otherwise specified. Averaged systolic and diastolic BPs
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were obtained. The presence of hypertension was defined by a
self-report of the doctor’s diagnosis, use of anti-hypertensive
medications, or averaged BP >140/90 mm Hg. BM], calculated as
weight (kg) divided by height square (m?), was categorized ac-
cording to the National Institutes of Health standards: <18.5 un-
derweight; 18.5-24.9 normal weight; 25.0-29.9 overweight; and
>30 obese [21]. Co-morbidities including stroke, myocardial in-
farction, coronary heart disease, congestive heart failure, angina,
chronicbronchitis, emphysema, and arthritis were ascertained by
self-report. Heart disease was defined if participants had myocar-
dial infarction, coronary heart disease, congestive heart failure,
or angina; while chronic obstructive pulmonary disease (COPD)
if participants had chronic bronchitis or emphysema. Health per-
ception was ascertained by the questionnaire ‘How would you say
your health in general is?” and was categorized to excellent, very
good, good, fair, or poor. The need of wearing glasses to read was
recorded. Alcohol intake was determined by asking ‘In any 1 year,
have you had at least 12 drinks of any type of alcohol beverage?’
and was dichotomized. Plasma homocysteine was measured by an
automated fluorescence polarization immunoassay method. Nu-
tritional markers including serum vitamin B;, and folate levels
were measured by using the Bio-Rad Laboratories Folate/vitamin
B, radioassay kit. C-reactive protein (CRP) was quantified by
utilizing latex-enhanced nephelometry.

Analysis

DSST scores were normally distributed. Therefore, individual
standard deviation (SD) score for DSST were obtained from the
formula (X;- X.,)/SD, where X; is the individual value of the DSST
score in the individual participant, X, the mean values of the
DSST score in the study cohort, and SD the standard deviation of
the DSST score in the study cohort. The SD scores of DSST were
related to multiple domains of disability by using multiple logistic
regression. We used an extended-model approach for covariates
adjustments: Model 1 = demographics, educational level, BMI
categories, and use of eye glasses for reading; Model 2 = Mod-
el 1 + co-morbidities (hypertension, diabetes, stroke, heart dis-
ease, COPD, and arthritis); Model 3 = Model 2 + health behaviors
(smoking status and alcohol intake) + health perception + nutri-
tional and inflammatory markers (folate, vitamin Bj,, homocys-
teine, and CRP); while Model 4 = Model 3 + habitual gait speed.
The odds ratio (OR) for disability was obtained for each SD in-
crease in the DSST scores. In addition, we categorized DSST scores
into quartiles with the lowest quartile as the reference group.

To evaluate joint effects of cognition and habitual gait speed
on disability, study participants were re-classified in one of four
groups based upon whether their DSST scores and habitual gait
speed were above or below the respective study medians (DSST
median = 42, habitual gait speed median = 0.943 m/s): high-
DSST/high-speed (792 participants), high-DSST/low-speed (408
participants), low-DSST/high-speed (448 participants), and low-
DSST/low-speed (833 participants). The ORs for disability were
obtained using multiple logistic regression with participants in
the high-DSST/high-speed as the reference group.

Because the NHANES population weights are only applicable
to analyses using the entire population and we limited our analy-
ses to a special subset of participants, we did not use the NHANES
population weights for the purposes of this study. Data analyses
were performed using STATA 8.0 software (STATA Corporation,
College Station, Tex., USA).

Cognitive Function, Gait Speed, and
Disability in the NHANES

Results

Characteristics of Study Population

Baseline characteristics of the group as a whole (n =
2,481, mean age = 71.0 years) and by quartiles of DSST
were summarized (table 2). More than half of the study
sample was non-Hispanic White (61.1%) and the mean
BMI was 28.2 kg/m?. In the context of chronic condi-
tions, 69.0% of the participants showed evidence of hy-
pertension, 17.0% diabetes, 5.9% stroke, 19.3% heart dis-
eases, 9.8% COPD, and 46.8% arthritis.

Participants in the upper quartiles of DSST scores
tended to be female, younger, and non-Hispanic white.
Participants with high-DSST score tended to receive
higher education, walk faster, have lower prevalence of
hypertension, diabetes mellitus, stroke, heart disease,
and disability, as well as have lower levels of homocyste-
ine and CRP.

Habitual Gait Speed in the Association between

Cognitive Function and Disability

We observed a positive association between cog-
nitive function and gait speed. There was a small, yet
statistically significant increase in habitual gait speed
(0.055 m/s, p < 0.001; effect size = 0.22) for each SD in-
crease in the DSST scores after adjustment for demo-
graphics, educational level, BMI categories, use of eye
glasses, co-morbidities, smoking status, alcohol intake,
health perception, as well as markers of nutrition and in-
flammation. Gait speed was inversely associated with
disability. At the same level of adjustment, the ORs for
disability in ADL, IADL, LSA, and LEM for each 0.1 m/s
increase in habitual gait speed were 0.62 (95% confidence
interval [CI] =0.55-0.69), 0.65 (95% CI = 0.60-0.70), 0.61
(95% CI = 0.55-0.67), and 0.66 (95% CI = 0.62-0.71), re-
spectively.

Higher scores of DSST were associated with de-
creased odds of late-life disability after adjustment for
demographics, education levels, use of eye glasses, and
BMI categories (Model 1, table 3). After additionally
controlling for covariates including co-morbidities,
smoking status, alcohol intake, health perception, as
well as nutritional and inflammatory markers (Models
2 and 3, table 3), the negative association between cogni-
tive function and disability was mildly attenuated and
remained highly significant. In Model 4, where habitual
gait speed was introduced as a covariate in the cogni-
tion-disability interrelationships, DSST score was no
longer a significant predictor for disability in LSA and
LEM. The strength of the association between DSST
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Table 2. Characteristics of study population according to performance of digit symbol substitution test (n = 2,481)

Characteristics Quartiles of Digit Symbol Substitution Test scores
0-30 31-42 43-55 56-117 Total p value
(n=661) (n =620) (n =596) (n=604)

Continuous variables®
Age, year 72.8 (8.1) 72.4 (7.8) 70.9 (7.4) 67.7 (6.4) 71.0 (7.7) <0.001
Body mass index, kg/m? 28.2 (5.4) 27.9 (5.6) 28.4 (5.2) 28.3 (5.4) 28.2 (5.4) 0.332
Habitual gait speed, m/s 0.798 (0.239)  0.891 (0.224)  0.985 (0.221)  1.080 (0.241) ~ 0.935 (0.255)  <0.001
Homocysteine, p“molllb 9.87 (4.84) 9.81 (4.11) 9.01 (3.45) 8.44 (3.22) 9.24 (3.91) <0.001
Folate, ng/mlb 14.7 (10.0) 15.8 (11.2) 16.2 (11.8) 18.5(13.0) 16.2 (11.9) <0.001
Vitamin By, pg/mI® 487 (320) 469 (287) 479 (269) 484 (288) 479 (289) 0.807
C-reactive protein, rng/dlb 0.33 (0.51) 0.26 (0.42) 0.28 (0.40) 0.25 (0.43) 0.28 (0.44) <0.001
Categorical variables*
Female 306 (46.3) 288 (46.5) 303 (50.8) 360 (59.6) 1,257 (50.7)  <0.001
Non-Hispanic white 237 (35.8) 375 (60.5) 422 (70.8) 483 (80.0) 1,517 (61.1) <0.001
Education higher than high school 69 (10.4) 187 (30.2) 282 (47.3) 363 (60.1) 901 (36.3) <0.001
Current smoker 94 (14.2) 92 (14.8) 79 (13.3) 67 (11.1) 332 (13.4) 0.233
Alcohol intake >12 drinks per year 351 (53.1) 354 (57.1) 373 (62.6) 415 (68.7) 1,493 (60.2) <0.001
Hypertension 491 (74.3) 442 (71.3) 410 (68.8) 368 (60.9) 1,711 (69.0)  <0.001
Diabetes mellitus 162 (24.5) 125 (20.2) 75 (12.6) 60 (9.9) 422 (17.0) <0.001
Stroke 68 (10.3) 46 (7.4) 19 (3.2) 13 (2.2) 146 (5.9) <0.001
Heart diseases? 147 (22.2) 154 (24.8) 97 (16.3) 81 (13.4) 479 (19.3)  <0.001
Chronic obstructive pulmonary diseases? 65 (9.8) 74 (11.9) 55(9.2) 50 (8.3) 244 (9.8) 0.173
Arthritis 316 (47.8) 302 (48.7) 278 (46.6) 265 (43.9) 1,161 (46.8) 0.650
Self-reported disability®

Activities of daily living 52 (7.9) 32(5.2) 13(2.2) 6 (1.0) 103 (4.2) <0.001

Instrumental activities of daily living 116 (17.6) 56 (9.0) 27 (4.5) 19 (3.2) 218 (8.8) <0.001

Leisure and social activities 77 (11.7) 50 (8.1) 17 (2.9) 15 (2.5) 159 (6.4) <0.001

Lower extremity mobility 175 (26.5) 140 (22.6) 73 (12.3) 55(9.1) 443 (17.9) <0.001

 Values in the continuous variables were expressed as mean (standard deviation) unless otherwise specified.

b Values were expressed as median (interquartile range) due to right skewness.

¢ Values in the categorical variables were expressed as number (%).

d Heart diseases include myocardial infarction, angina, coronary heart disease, or congestive heart failure; while chronic obstruc-

tive pulmonary diseases include chronic bronchitis or emphysema.

¢ Disability in a specific functional domain was defined if a person reported much difficulty or unable to perform one or more ac-

tivities within a given disability domain.

Uni-variable regression was used to determine significance difference of selected continuous variables between groups of the Dig-
it Symbol Substitution Test scores; while Chi-square test was used in the selected categorical variables.

score and disability in ADL and IADL had weakened
but persisted to be significant. The results were un-
changed using a quartile-based (of DSST scores) ap-
proach.

Joint Effect of Cognitive Performance and Habitual

Gait Speed on Disability

We computed the ORs for disability in analyses where
study participants were stratified into four groups: high-
DSST/high-speed  (reference), high-DSST/low-speed,
low-DSST/high-speed, and low-DSST/low-speed. We
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found additive effects of cognition and habitual gait speed
on late-life disability. The odds of disability in respective
domains were lowestamong participants with high-DSST
score and high gait speed and were highest among par-
ticipants with low-DSST score and low gait speed (fig. 1).
The ORs for disability in ADL, IADL, LSA, and LEM
were 16.85 (95% CI = 4.82-58.80, p < 0.001), 10.34 (95%
CI = 4.88-21.92, p < 0.001), 8.12 (95% CI = 3.46-19.04,
P <0.001), and 4.45 (95% CI = 2.88-6.88, p < 0.001), re-
spectively, comparing participants with low-DSST/low-
speed vs. high-DSST/high-speed.
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Table 3. Association between cognitive function and late-life disability

Models? Models with Digit Symbol Substitution Test performance (correct numbers) as a continuous variable
ADL disability TADL disability LSA disability LEM disability
ORP (95% CI) p value ORP (95% CI) p value OR? (95% CI) p value OR® (95% CI) p value
1 0.45 (0.34-0.60)  <0.001 0.46 (0.38-0.56)  <0.001 0.52 (0.41-0.65) <0.001 0.61 (0.53-0.71)  <0.001
2 0.45(0.34-0.61)  <0.001 0.47 (0.38-0.58)  <0.001 0.54 (0.42-0.68) <0.001 0.63 (0.54-0.74)  <0.001
3 0.47 (0.34-0.64)  <0.001 0.53 (0.42-0.67)  <0.001 0.61 (0.47-0.79)  <0.001 0.73 (0.61-0.86)  <0.001
4 0.59 (0.42-0.83) 0.002 0.66 (0.52-0.83) 0.001 0.79 (0.60-1.05) 0.101 0.90 (0.75-1.08) 0.248
Models* Quartiles Models with Digit Symbol Substitution Test performance (correct numbers) by increasing quartiles
com-
parison ADL disability TADL disability LSA disability LEM disability
OR* (95% CI) pfortrend  OR®(95% CI) pfortrend  ORC(95% CI) pfortrend OR®(95% CI) p for trend
1 Q2vs. Q1 0.65 (0.40-1.07)  <0.001 0.46 (0.32-0.66)  <0.001 0.70 (0.46-1.05)  <0.001 0.83 (0.63-1.10)  <0.001
Q3vs. Q1 0.26 (0.13-0.53) 0.22 (0.13-0.35) 0.25 (0.14-0.45) 0.40 (0.28-0.57)
Q4 vs. Q1 0.12 (0.04-0.31) 0.15 (0.08-0.28) 0.24 (0.12-0.48) 0.30 (0.20-0.45)
2 Q2vs. Q1 0.65(0.39-1.07)  <0.001 0.44 (0.30-0.64)  <0.001 0.69 (0.45-1.06)  <0.001 0.80 (0.59-1.07)  <0.001
Q3 vs. Q1 0.28 (0.14-0.56) 0.24 (0.14-0.39) 0.28 (0.15-0.52) 0.43 (0.30-0.61)
Q4vs. Q1 0.12 (0.05-0.33) 0.17 (0.09-0.31) 0.28 (0.14-0.56) 0.33 (0.22-0.51)
3 Q2vs. Q1 0.57 (0.33-0.99)  <0.001 0.46 (0.31-0.69)  <0.001 0.69 (0.44-1.10) 0.001 0.85(0.61-1.18)  <0.001
Q3 vs. Q1 0.28 (0.13-0.60) 0.29 (0.17-0.48) 0.35(0.18-0.65) 0.53 (0.35-0.78)
Q4 vs. Ql 0.13 (0.04-0.40) 0.25 (0.13-0.47) 0.40 (0.19-0.85) 0.49 (0.31-0.78)
4 Q2vs. Q1 0.74 (0.41-1.33) 0.007 0.57 (0.37-0.87) 0.001 0.95 (0.58-1.55) 0.221 1.07 (0.76-1.51) 0.265
Q3 vs. Q1 0.47 (0.21-1.02) 0.42 (0.24-0.73) 0.56 (0.29-1.10) 0.79 (0.52-1.20)
Q4 vs. Q1 0.25 (0.08-0.76) 0.42 (0.22-0.82) 0.78 (0.35-1.70) 0.82 (0.50-1.34)

* Adjusted covariates: Model 1 = age, sex, race, educational level, body mass index category, and use of eye glasses for reading; Model 2 = Model 1 +
co-morbidities (hypertension, diabetes, stroke, heart diseases, COPD, and arthritis); Model 3 = Model 2 + health behaviors (smoking status and alcohol
consumption) + health perception + nutritional and inflammatory markers (folate, vitamin B;,, homocysteine, and C-reactive protein); Model 4 = Mod-

el 3 + habitual gait speed.

b ORs (odds ratios) were per increment of one standard deviation in the correct numbers of the Digit Symbol Substitution Test.
¢ ORs are odds ratios of disability comparing participants in the 2nd, 3rd, or 4th quartiles of the Digit Symbol Substitution Test performance to those

in the lowest quartile.

ADL = Activities of daily living; CI = confidence interval; IADL = instrumental activities of daily living; LEM = lower extremity mobility; LSA =

leisure and social activities; OR = odds ratio; Q = quartile.

Discussion

Our study indicated that cognitive function as mea-
sured by DSST was inversely associated with multiple do-
mains of disability as assessed by the PFQ. Specifically,
poorer cognitive performance was associated with great-
er disability. Furthermore, this inverse association ap-
peared to be mediated by habitual gait speed. We also
demonstrated a joint effect of cognitive function and ha-
bitual gait speed on late-life disability.

Our findings support previous studies investigating
the interrelationships between cognitive function, phys-
ical function, and disability. For example, the prospec-
tive MacArthur Studies of Successful Aging, a 7-year
prospective study in high functioning elders, showed
that cognitive decline was associated with deterioration
in both routine physical tasks (such as walking at nor-

Cognitive Function, Gait Speed, and
Disability in the NHANES

mal pace and grip strength) and attention demanding
tasks (such as walking at fast pace and tandem stand/
walk) [22]. A recent report further demonstrated that
the association between poor cognition and incident
ADL disability might partially be mediated through
handgrip muscle strength [23]. However, the role of low-
er extremity function, such as gait speed or leg strength
thought to be linked with both cognition and disability,
was not investigated. Although a combined effect of
physical performance and cognitive status on incident
disability has been demonstrated by Gill et al. [24] in
another study, they did not evaluate a possible mediat-
ing role of physical function in the cognition-disability
relationship and they confined the study outcome to
ADL disability.

In the context of the theoretical Nagi’s disablement
process [5, 14, 15], namely, from ‘physical/mental impair-
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Fig. 1. Study participants were re-classified in one of four groups based on the medians of DSST scores (correct
number 42) and habitual gait speed (0.943 m/s): high-DSST/high-speed (792 participants), high-DSST/low-
speed (408 participants), low-DSST/high-speed (448 participants), as well as low-DSST/low-speed (833 par-
ticipants). The OR for disability in respective domains were obtained with participants in the high-DSST/high-
speed as the reference group. The analyses were adjusted for age, sex, race, educational level, BMI category, use
of eye glasses for reading, co-morbidities (hypertension, diabetes, stroke, heart diseases, COPD, and arthritis),
health behaviors (smoking status and alcohol consumption), health perception, as well as nutritional and in-
flammatory markers (folate, vitamin B;,, homocysteine, and CRP).

ment’ to ‘functional limitation’ and to ‘disability’, our
study provided an excellent opportunity to revisit this
model where cognitive function measure (DSST) indicat-
ing ‘impairment’, habitual gait speed ‘functional limita-
tion’, while self-report status in ADL, TADL, LSA, and
LEM ‘disability’. We found cognitive function, as as-
sessed by the DSST performance, was associated with
multiple domains of disability. The magnitudes of these

108 Gerontology 2007;53:102-110

associations were attenuated after additional adjustment
for habitual gait speed, indicating that habitual gait speed
partially mediated the cognition-disability association
and that gait speed was an intermediate component of the
process from cognitive impairment to disability. Geriat-
ric studies with disability as an outcome have typically
focused on ADL and/or IADL. In considering the con-
cept of disability, however, varying domains of disability,

Kuo/Leveille/Yu/Milberg
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including ADL, IADL, social activities, and leisure ac-
tivities [14], exist. To the best of our knowledge, this is the
first report to describe the association between cognitive
function and disability while considering the role of gait
speed by using a geographically dispersed and ethnically
diverse national representative sample of community-
dwelling elders. Additionally, the analysis of disability
extended beyond the traditional scope of ADL and IADL,
comprehensively covering various disability domains.
Our study sheds new light on the disablement process re-
lated to cognitive impairment and gait speed, providing
data in an important area where data currently do not ex-
ist or are not complete.

Our study has several implications. First, cognitive
function is an important indicator for functional limita-
tion and disability. Executive functions, assessed by the
DSST and referring to higher cognitive processes includ-
ing multitasking, planning, and organizing, are pivotal
for goal-directed behaviors, such as ADL, IADL, LSA, as
well as LEM and walking control system. Measurement
of cognitive executive function may be useful in identify-
ing and targeting older adults who may require interven-
tion to prevent walking limitation and disability. Second,
impairment in cognitive function and gait speed may
have an additive effect on the development of late-life dis-
ability. Thus, the importance of implementing strategy to
prevent decline of both conditions cannot be overempha-
sized. Regular physical activity including walking exer-
cise, shown to be effective in preventing cognitive decline
[25, 26] and maintaining walking function [27], seems a
reasonable recommendation for older people at risk.
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