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SUMMARY

Background To date, it remains unclear to what extent cognitive competence is related to a change in general functional
status in older adults.
Objectives To evaluate both the cross-sectional and the longitudinal relation between cognitive functioning and functional
status.
Methods Sensorimotor speed, memory, and executive functioning were assessed in a large population of healthy adults
aged 60 years and older (n ¼ 485) who participated in the Maastricht Aging Study. Data from the baseline (1993–1995),
three-year follow-up, and six-year follow-up were used. Functional status was measured using the SF-36, which was coded
into a physical and a mental component summary measure.
Results After adjustment for age, sex, and educational level, a high level of cognitive functioning appeared to be asso-
ciated with better functional status in the cross-sectional analysis. Longitudinal analyses demonstrated, that cognitive func-
tioning was not a predictor of functional status three or six years later.
Conclusions Thus while cognitive functioning is useful clinically for predicting the short-term functional status of an
older person, it is not useful for predicting that person’s long-term (> 3 years) functional status and thus the period of valid-
ity of the results of these tests in answering such questions is limited. Copyright # 2005 John Wiley & Sons, Ltd.
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INTRODUCTION

In Western society, with its rapidly growing popula-
tion of older individuals, it is important to identify
functional limitations that could limit the autonomy

of older adults. Neuropsychologists are often asked
to evaluate person’s capabilities and limitations, and
in many cases to answer questions concerning the
functional status and consequences of cognitive
limitations on daily life, such as a person’s ability to
take care of himself/herself and to manage his/her
finances (Lezak, 1995; Barth et al., 2003). But how
strong is the evidence that cognitive competence is
actually associated with general functional status or
autonomy? With a view to the increasing number of
older adults and health care consumption, it is worth-
while to investigate in healthy old adults whether
cognitive functions are associated with functional
status.
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To date, several largely cross-sectional studies have
provided some evidence that impaired cognitive
functioning is associated with poor functional status
(Richardson et al., 1995; Greiner et al., 1996; Gill
et al., 1997; Grigsby et al., 1998; Padoani et al.,
1998; Carlson et al., 1999; Cahn-Weiner et al.,
2000; Bell-McGinty et al., 2002; Cahn-Weiner
et al., 2002), particularly in cognitively impaired
people. For example, Greiner et al., (1996), showed
that adults older than 75 years with a Mini-Mental
State Examination (MMSE) score < 27 had twice
the risk of losing their independence in one or more
activities of daily living, such as bathing, dressing,
and eating independently, after one year, compared
to those with a higher level of cognitive performance.
Bell-McGinty et al. (2002) reported similar findings.
In their study of 50 older people, most of whom had
impaired cognitive functioning, these authors showed
that performance on tests of executive functioning
was associated with the individual dependence in
activities of daily living, such as management of per-
sonal finance. Such studies have tended to focus on
older adults with mild cognitive impairment or neuro-
degenerative diseases (Richardson et al., 1995; Bell-
McGinty et al., 2002) or used a rather broad cognitive
measure (i.e. MMSE score (Folstein et al., 1975))
(Gill et al., 1997; Grigsby et al., 1998; Padoani
et al., 1998).

With respect to the measurement of cognitive per-
formance in healthy elderly, there is ample evidence
that cognitive rating scales such as the MMSE are
too insensitive to evaluate performance on specific
cognitive domains, and thus cannot be used to deter-
mine whether specific cognitive domains are affected
(MacKenzie et al., 1996). Adequate performance in
the domain of executive functions seems particularly
relevant in this respect, because it enables a person to
state and perform goals, deal with novelty, solve pro-
blems, adapt to unexpected circumstances, and per-
form multiple tasks (Lezak, 1995). If a person’s
executive functioning is inadequate, he/she will prob-
ably experience difficulties in performing multiple
activities in daily life, such as managing a home,
finances, or even taking medication, difficulties which
adversely affect the functional status of that person.

Our aim was to investigate the cross-sectional and
longitudinal relation between important cognitive
domains (i.e. memory performance, executive func-
tioning, and speed of information processing) and
functional status in a large healthy sample of adults
aged 60 years and older. We expected that executive
functioning would be most strongly associated with
functional status.

METHODS

Participants

The data used in the present study were derived from
the Maastricht Aging Study, a longitudinal study exam-
ining determinants and consequences of differences in
normal cognitive aging. Participants were recruited
from a collaborating network of family practices (the
Registration Network Family Practices) (Metsemakers
et al., 1992). All participants were between 24 and
81 years of age, and were at the moment of inclusion
without medical conditions known to interfere with
normal cognitive function (e.g. dementia, mental retar-
dation, and cerebrovascular pathology). The study
population was stratified for age group, sex, and general
ability. In the baseline period between 1993 and 1995
(Wave 1), 1,823 people underwent a cognitive and phy-
sical examination, (Jolles et al., 1995). About three
years later (Wave 2), all people who were 50 years or
older at the first examination (n ¼ 1; 069) were invited
to participate in a re-assessment of their neuropsycho-
logical functioning. Because of refusal (n ¼ 138),
death (n ¼ 50), loss to follow-up (n ¼ 43), 838 persons
(78%) were actually tested. Six years after the baseline
measurements (Wave 3), all participants were again
invited for a neuropsychological examination. At Wave
3, 1,376 participants of the 1,823 persons assessed at
baseline (74%), were actually tested. Four hundred
forty-seven people (24%) dropped out. Main reasons
for dropping out were refusal (n ¼ 275), death
(n ¼ 116), loss to follow-up (n ¼ 37), or unspecified
reasons (n ¼ 19). For the present study, only data for
participants aged 60 years or older were used. Data
for participants with clinically verified major depres-
sion or dementia at three- or six-year follow-up were
excluded from further analyses (n ¼ 12, 1.8%). The
local medical ethics committee approved the MAAS-
study and all participants gave their informed consent.

Cognitive variables

Many studies have shown that the first cognitive
changes associated with aging are observed in the
domains of memory functioning, executive function-
ing, and speed of information processing (e.g. Jolles,
1986; Salthouse, 1992). In addition, tests that draw on
these domains have been shown to be sensitive to subtle
changes in health (Houx et al., 1993; Van Boxtel et al.,
1998; Bosma et al., 2000; Van Boxtel et al., 2000). For
these reasons, these tests were used in this study.

The Stroop Colour-Word Test (SCWT) is a mea-
sure of selective attention and speed of information
processing. This test involves three cards displaying
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100 stimuli each (Stroop, 1935; Houx and Jolles, 1993).
The first card contains colour words printed in black
ink, which have to be read aloud. The second card con-
tains coloured patches, which have to be named. The
last card displays colour names printed in incongru-
ously coloured ink. Participants are instructed to name
the ink colour of the printed words. By subtracting the
time needed for the last part from the mean score of the
first and second parts, an interference score can be cal-
culated. This interference score is a measure of inhibi-
tion of a habitual response, which can be considered an
aspect of executive functioning.

The Concept Shifting Task (CST) is a modified
version of the Trial Making Test (Vink and Jolles,
1985) and is used to measure simple cognitive speed
and cognitive flexibility. It consists of three parts. On
each test sheet, 16 small circles are grouped in a larger
circle. The smaller circles contain numbers, letters or
both, appearing in a fixed random order. Participants
are requested to cross out the items in the right order.
In the last part, participants have to alternate between
numbers (1–8) and letters (A–H). The scores corre-
spond to the time needed to complete each trial.
The difference between the last part and the mean
score of the first and second parts is considered to
reflect the additional time needed to shift between
both sets of stimuli.

Intentional learning and verbal memory functioning
were measured using the Visual Verbal Learning Test
(VVLT) (Brand and Jolles, 1985). Fifteen monosylla-
bic words are presented one after another and subjects
are asked to recall as many words as possible. This pro-
cedure is repeated five times. To preclude ceiling
effects that may become apparent in the last two trails,
the total score of the first three trails is used as depen-
dent variable. After 20 min, delayed recall is tested.

Cognitive compound scores. Selected raw scores for
cognitive tasks were clustered in three domains (sen-
sorimotor speed, memory, and executive functioning)
to yield compound cognitive scores. This was done
to reduce the number of cognitive variables, while
improving the robustness of the underlying cognitive
construct (Lezak, 1995). Raw scores were transformed
to Z-scores in the total group of participants that were
selected in this study. The average was calculated of
the Z-transformed scores that were included in a com-
pound index. The memory compound score included
the immediate and delayed recall of the VVLT. The
sensorimotor speed compound score was derived from
the first and second subtask of the SCWT and CST.
The executive functioning compound score was calcu-
lated using the interference scores of the SCWT and

CST. The signs of the sensorimotor speed and execu-
tive functioning compound scores were inverted to
make them reflect above average performance when
positive and below average performance when nega-
tive (Van Boxtel et al., 1998).

Functional status

Functional status was measured using the SF-36 ques-
tionnaire, which contains 36 multiple-choice ques-
tions (Ware and Sherbourne, 1992). The SF-36 is
coded into eight scales: physical functioning, social
functioning, role limitations due to physical problems,
role limitations due to emotional problems, general
mental health, vitality, bodily pain, and general health
perceptions. Each scale can range from 0 (lowest level
of functioning) to 100 (highest level). These eight
scales can be summarized into physical (PCS) and
mental components summary measures (MCS) (Ware
et al., 1994). Low scores imply a low level of function-
ing and the average of this score in the general US
population is 50 (Ware et al., 1995). At the baseline
measurement, the SF-36 was administered to two
out of four participant panels only (n ¼ 300 in age
60 and older group). At Wave 2, nearly all participants
in this age range filled in the SF-36 (n ¼ 485, 92%).
At Wave 3, 386 persons filled in the SF-36.

Other measures

Age, sex, and level of education were considered poten-
tial confounders. Level of education was indexed on an
eight-point ordinal scale: 1¼ primary education,
2¼ lower vocational education, 3¼ intermediate gen-
eral secondary education, 4¼ intermediate vocational
education, 5¼ higher general secondary education/
university preparatory education, 6¼ higher voca-
tional preparatory education, 7¼ higher professional
education, 8¼ university education (De Bie, 1987).

Data analysis

To maximize the number of observations and acquire
the highest power, cross-sectional analyses were
based on available data at Wave 2 and the longitudinal
analyses included data from Wave 2 and Wave 3.
Means and standard deviations of the summary scores
of the SF-36 were computed and compared between
Wave 2 and 3, using paired t-tests. Associations
between the cognitive compound scores at Wave 2
and the SF-36 summary score at Wave 2 and 3 were
first examined with correlation analysis (Pearson’s r).
Subsequently, linear regression analysis was performed
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in order to analyse whether cognitive compound
scores were cross-sectionally related to SF-36 sum-
mary scores. These analyses were adjusted for age,
sex, and educational level. Next, the cognitive com-
pound scores were analysed as predictors of a change
in SF-36 summary scores three years later, again
using linear regression analysis adjusted for age,
sex, educational level, duration of follow-up interval,
and SF-36 summary score at baseline. All analyses
were performed using SPSS for Macintosh program
series, version 10 (SPSS-Inc., Chicago, IL), with a
p-level of 0.05.

RESULTS

The PCS decreased from 46.7 to 44.9 after three years
(t ¼ 4:402, p< 0.01), however, the MCS showed no
change (t ¼ 0:52, p ¼ 0:60). The three cognitive com-
pound scores at the three-year follow-up were signifi-
cantly correlated with the PCS at three-year follow-
up (zero-order Pearson’s r for sensorimotor speed,
memory, and executive functioning were 0.24, 0.13,
and 0.25, respectively) and again at the six-year fol-
low-up (Pearson’s r for sensorimotor speed, memory,
and executive functioning were 0.24, 0.11, and 0.20,
respectively). A different pattern was observed for the
MCS. The three cognitive measures at the three-year
follow-up were correlated with MCS at the same time
point (sensorimotor speed: 0.21; memory: 0.10; execu-
tive functioning: 0.13), but not at the six-year follow-up
(sensorimotor speed: 0.09; memory: 0.08; executive
functioning: 0.06, all p> 0.05).

Although not consistently evident for all cognitive
summary scores, overall cognitive functioning was
significantly related with both summary scores of
the SF-36 in the cross-sectional regression analyses
(Table 1). Higher scores on the cognitive compound
measures were associated with higher scores on the

SF-36, even after adjusting for age, educational level,
and sex. The strongest associations were between sen-
sorimotor speed and executive functioning compound
scores and SF-36 scales. These results are based on
Wave 2. A similar pattern of results was found when
the cross-sectional analyses were based on the base-
line measurement or the Wave 3 measurement (results
not tabulated).

Cognitive functioning was not associated with SF-
36 summary scores three- or six-years later (Table 1).
Thus, older persons with good cognitive functioning
at Wave 2 did not experience less decline on SF-36
scores (between Wave 2 and 3) compared with per-
sons with poor cognitive function at Wave 2, indepen-
dent of their baseline SF-36 score. Essentially the
same results were found when the longitudinal ana-
lyses were repeated in the smaller group that was
available from baseline to six-year follow-up (results
not tabulated).

DISCUSSION

The aim of this study was to investigate whether cog-
nitive functioning was related to functional status in
older healthy adults. The cross-sectional findings
indicated that cognitive performance was associated
with functional status. Individuals with a low level
of cognitive functioning had a lower functional
status than individuals with a high level of cognitive
functioning. The question whether cognitive perfor-
mance has predictive power for functional decline
was answered in the negative: low cognitive perfor-
mance at baseline did not predict more functional
decline three or six years later.

The cross-sectional relationship between cognitive
and functional status variables has been reported
earlier. It has been argued that this association can be
explained, at least in part, by the presence of depressive

Table 1. Cross-sectional and longitudinal association (standardised regression coefficients) between cognitive functioning and three-year
change in SF-36 summary scores

Cross sectional analyses Longitudinal analyses

PCS MCS PCS MCS

� � � �

Sensorimotor speed 0.15** 0.11** 0.01 0.04
Memory 0.06 0.20* 0.05 0.01
Executive functioning 0.16** 0.13* 0.03 0.01

*p< 0.05; **p< 0.01.
PCS¼ physical component scale; MCS¼mental component scale.
Note: Cross-sectional analyses were adjusted for age, sex and educational level. Longitudinal analyses were adjusted for age, sex and
educational level, length of follow-up interval and cognitive functioning at baseline.
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symptoms, because depression or depressive symp-
toms are related to cognitive functions, notably mem-
ory, attention, and executive disorders (Burt et al.,
1995; Austin et al., 2001; Den Hartog et al., 2003). In
an earlier study, SF-36 scores were lower in depressed
patients than in non-depressed controls (Doraiswamy
et al., 2002). We therefore performed additional post
hoc regression analyses in which depressive sympto-
matology, measured with the depression scale of the
SCL-90 (Arrindell and Ettema, 1986) was controlled
for. The cross-sectional relation between the PCS and
the executive compound score was attenuated, but still
significant after adjusting for depressive symptoms
(p< 0.01). However, the relations between the MCS
and the three cognitive domains and that between the
PCS and sensorimotor speed were no longer signifi-
cant, after adjusting for the number of depressive symp-
toms. Thus, depressive symptomatology may act as a
confounder in the relation between cognitive function-
ing and functional status, but does not explain the cross-
sectional relation between executive functioning and
SF-36 PCS.

The population investigated in this study consisted
of community dwelling older adults. These partici-
pants functioned at a normal level with respect to
functional status as well as cognitive functioning.
Therefore it was not surprising that the results of
the present study demonstrated a small decrease in
functional status over a three-year interval. It could
be argued that a longer time lag and therefore a larger
decrease in functional status may be needed to
demonstrate a longitudinal association between cog-
nitive functioning and functional status. Or a reverse
causation (i.e. functional status as a predictor of cog-
nitive decline) may be present.

It is possible that attrition at Wave 3 may have
biased the longitudinal results. Attrition is a problem
in longitudinal aging research, because sick, frail and
poorly performing individuals tend to leave a study,
yielding an elite sub-set of healthy, well-performing
individuals. In our study, participants who dropped
out of the study scored lower on cognitive measures
and on the summary scores of the SF-36 compared
to participants who did not dropped out of the study.
This implies that the participants that were assessed
at the follow-up measurements were indeed charac-
terized by a higher level of functioning. In order to
control for this attrition effect, we used several impu-
tation strategies (Tabachnick and Fidell, 2001). First,
missing values were replaced by hypothetical follow-
up scores for the drop-outs using predicted scores
from regression model for SF-36 scores. Thus, the
SF-36 score at follow-up was the dependent variable

and the following covariates were included: the base-
line score, age, education and sex. The resulting
regression model was then used to compute predicted
scores for the drop outs. Based on this expanded data-
set, linear regression analysis again revealed that cog-
nitive functioning was not associated with three-year
changes in the SF-36 summary scores (for all statisti-
cal tests: �< 0.038; p> 0.341). Using a more conser-
vative imputation method, the SF-36 missing values
at Wave 3 were replaced by the individual score at
Wave 2 minus 1 standard deviation. The regression
results again showed no longitudinal relationship
between cognitive functioning and SF-36 scores
three years later (for all statistical tests: � < 0.068;
p> 0.146). Thus, replacing the missing data of the
drop outs by hypothetical data did not influence the
overall pattern of results, which limits the probability
that attrition substantially biased our findings.

Comparison of the associations between different
cognitive functions showed that the strongest cross-
sectional relation was that between functional status
and executive functioning. These findings are in line
with previous cross-sectional studies that focused on
(I)ADL, which have shown that performance on tests
of executive functioning is more strongly related to
functional impairment than other cognitive functions,
including memory, language, visuospatial skills, and
psychomotor speed (Grigsby et al., 1998; Carlson
et al., 1999; Cahn-Weiner et al., 2000; Bell-McGinty
et al., 2002; Cahn-Weiner et al., 2002). This could be
taken as evidence to support the importance of execu-
tive functions to functional status, because these func-
tions involve relatively complex behaviour, including
activities related to planning, problem solving, antici-
pation of possible consequences of an intended course
of action, and inhibition of irrelevant information
(Lezak, 1995).

In conclusion, poor cognitive performance, and
especially poor executive functioning, was related to
poor functional status at the actual moment of testing.
This association could be mediated by secondary
factors, such as depressive symptomatology or life
events, since cognitive functioning did not prove to
be predictive of functional status three or six years
later. The practical implication is that, in clinical prac-
tice, neuropsychological findings can indeed contri-
bute to answering questions concerning the current
functional status of an older person. Alternately, it
is worthwhile to stress that inferences from neuro-
psychological assessment for functional status in the
future are not valid in a normal aging population and
may be influenced by an underlying depression or a
bias due to negative affectivity.
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