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Abstract

Background: Studies have reported declines with age in
cognitive or physical functioning, but rarely identify wheth-
er these are parallel or linked events in the same study. Fur-
thermore, most research in this area has focused on persons
in late life rather than midlife. Objective: The objective of the
study was to determine (1) if cognitive functioning was re-
lated to physical functioning and whether this relationship
persisted after adjustment for age, menopause status, meta-
bolic status, depression and socioeconomic resources, and
(2) if changes in physical functioning were associated with
changes in cognitive functioning over a 4-year follow-up pe-
riod. Methods: Data were from the Study of Women'’s Health
Across the Nation (SWAN), a multi-site, longitudinal study of
women aged 46-56 years at follow-up examination 4. Three
follow-up examinations (study years 04, 06 and 08) included
measures of physical functioning perception (MOS SF-36)
and cognitive functioning [Symbol Digit Modality Test
(SDMT), Digit Span Backward Test (DSBT), and East Boston

Memory Test (EBMT)] (n = 2,405). Results: Women with low-
er cognitive functioning scores also had lower perceived
physical functioning scores. While adjustment for covariates
attenuated the association between perceived physical
functioning and both the SDMT and EBMT cognitive mea-
sures, these associations remained statistically significant.
Additionally, the 4-year change in perceived physical func-
tioning was significantly associated with the 4-year change
in the EBMT. Conclusions: At midlife, there were associated
declines in cognitive and perceived physical functioning
scores, commencing at midlife in women.

Copyright © 2009 S. Karger AG, Basel

Introduction

It is believed that functioning reflects the integration
of cognitive, physiological and physical capacities and
that the aging-related declines in any one of these may be
associated with a concomitant decline in the other(s) [1].
While studies report that there are declines in cognitive
or physical functioning with age, studies have not ade-
quately addressed whether these are parallel or linked
events because most studies have examined either cogni-
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Fig. 1. Model of cognitive and physical
functioning.

tive or physical functioning. In addition, while current
theories of the disablement process emphasize the impor-
tance of understanding early physical changes as a means
of helping prevent or delay adverse health outcomes in
older adults [2], most studies of functioning have exam-
ined populations of adults who are substantially past
midlife when the implementation of prevention activities
may have less impact.

Cognitive function may have a significant role in the
subclinical presentation of changes in the overall func-
tional status by impairing executive abilities that are rel-
evant for the performance of complex activities. Alterna-
tively, diminishing cognitive functioning may interfere
with an individual’s ability to accurately perceive and re-
port his/her functional status [3]. A number of studies
have shown a relationship between cognitive and physical
functioning [3-9] using both cross-sectional [3, 5, 6, 8]
and longitudinal [4, 7, 9] study designs, but the studies
have been limited to various elderly populations. A recent
review noted that in cross-sectional studies of the elderly,
executive control function and general measures of cog-
nition are particularly strong correlates of physical func-
tioning [10].

A number of underlying physiological and psycholog-
ical processes have been proposed as mechanisms to link
cognitive and physical functioning. One proposal focuses
on a more compromised metabolic environment encom-
passing atherosclerosis, altered glucose metabolism, vas-
cular injury and an increased acute phase inflammatory
response [11]. This is supported by observations of elevat-
ed serum amyloid A in neurogenerative disease [11] and
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higher D-dimer levels in individuals with diminished
walking ability [12]. Alternatively, it has been suggested
that physical activity, acting as a surrogate for physical
functioning, preserves or promotes cerebral blood flow
[13] which, in turn, is associated with better performance
during cognitive assessment. Several studies have shown
that indicators of socioeconomic status (SES) in adult-
hood are related to risk of cognitive decline [14] and poor
physical functioning [15]. Previous studies have also
found an independent association between depressive
symptoms and both physical performance declines [16,
17] and cognitive decline and impairment [18, 19]. Final-
ly, few studies have addressed the role of ovarian aging
and menopause status as a component of the aging pro-
cess in women.

We propose that the parallel and co-occurrence of
cognitive and physical functioning decline begins in the
midlife and that women in the postmenopause will have
poorer physical functioning than women in earlier meno-
pause stages, apart from the expected declines associated
with aging. We further propose that the decline will be
conditioned by an underlying component of metabolic
and physiological compromise, quantified as the meta-
bolic syndrome, depressive symptoms and lower SES
(fig. 1). We posed two related questions: (1) is there an as-
sociation between measures of physical and cognitive
functioning cross-sectionally and does it persist after
considering SES, metabolic status, depressive symptoms
and menopause status, and (2) is there an association be-
tween the longitudinal change in physical functioning
and cognitive functioning over a 4-year period?
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Table 1. Demographic and study variables for participants con-
tributing to follow-up 04, 06 and 08 measures

Total
Number 2,003
Age in years at 04, mean = SD 50.0x2.6
Race or ethnicity, %
African-American 28
Caucasian 50
Chinese 10
Japanese 12
Education at 04, %
High school or less 18.2
Some college 329
Complete college 229
More than 16 years 26.0
Paying for basics 04, %
Much difficulty 6.8
Some difficulty 26.2
No difficulty 67.0
Cognitive measures
Cognitive-04, mean = SD
East Boston 102*1.8
Symbol Digit 56.0 %102
Digit Backward 6.6£2.3
Cognitive-06, mean * SD
East Boston 10.3*£1.8
Symbol Digit 56.8+10.5
Digit Backward 6.8+t24
Cognitive-08, mean * SD
East Boston 10.5x1.6
Symbol Digit 58.6+11.3
Digit Backward 69%23
Physical limitations
Physical function-04
Mean * SD 83.6+21.4
Median 90
Severe limitations, % 7.9
Moderate limitations, % 239
No limitations, % 68.1
Physical function-06
Mean £ SD 83.3%21.8
Median 90
Severe limitations, % 8.8
Moderate limitations, % 21.4
No limitations, % 69.7
Physical function-08
Mean = SD 82.0x22.1
Median 90
Severe limitations, % 9.4
Moderate limitations, % 254
No limitations, % 65.2
Menopause status-04, %
Premenopause 7.0
Early perimenopause 44.8
Late perimenopause 10.7
Postmenopause 25.4
Hormone use 12.1
Metabolic syndrome-03, % 19.6
CESD summary score-04, mean = SD 9.1£8.9
252 Gerontology 2010;56:250-258

Methods

Sample

The Study of Women’s Health Across the Nation (SWAN) is a
seven-site, longitudinal study conducted in community-based
groups of women. At baseline, the 3,302 enrolled women were
aged 42-52 years, premenopausal or early perimenopausal, with-
out use of exogenous hormones, and self-identified as belonging
to one of the designated race/ethnic groups, as previously de-
scribed [20]. SWAN was approved by the Institutional Review
Boards at each site and all participants provided written informed
consent at every visit. Study sites whose data were included in
these analyses were located in southeast Michigan, Chicago, IlL.,
Los Angeles, Calif., Alameda and Contra Costa County, Calif.,
Pittsburgh, Pa., and Boston, Mass. The analysis sample includes
African-American, Caucasian, Chinese and Japanese women.

Cognitive and Physical Functioning Measures

Cognitive and physical functioning data were collected at the
follow-up (F/U) 04, 06, and 08 examinations. The cognitive tests
were chosen because: (1) they represent different aspects of cog-
nition that are likely to change with aging; (2) they represent
several aspects of cognition thought to be associated with chang-
es in hormone status (which have largely been based on studies
of hormone therapy), and (3) these measures were less likely to
reflect ceiling and floor effects of tests typically administered to
population whose ages exceed 70 years. Complex attention and
information processing speed was assessed using the Symbol
Digit Modality Test (SDMT), oral version. Participants identi-
fied as many symbol-digit matches as possible in a 90-second
period [21]. Possible scores ranged from 11 to 95. Working mem-
ory was assessed using the Digit Span Backward Test (DSBT)
where participants repeated backwards increasingly longer
strings of digits until they made an error. Data were scored ac-
cording to the Wechsler Memory Scale revised manual [22], with
scores ranging from one to 12. The East Boston Memory Test
(EBMT) provided information on verbal and short-term memo-
ry [23]. After being told a story, participants were asked to recall
story elements immediately and 30 min later. Because results for
the two time points were similar, this paper reports only data
from the first recall of the story. EBMT scores ranged from zero
to 12. The tests of cognitive function were independent variables
in our models.

Perception of physical functioning (PF) was assessed with the
10-item perceived physical functioning scale of the Medical Out-
comes Scale (SF-36) [24]. The scale reflects the self-reported dif-
ficulty in undertaking physical activities ranging from vigorous
athletic activity to the ability to bathe and dress. The possible
scores [0 (worst) to 100 (best)] were categorized into a three-level
categorical variable as no physical limitation (score 85-100), mod-
erate limitation (score 50-84), and severe limitation (0-49) for the
analyses in table 2. The continuous SF-36 outcome was the depen-
dent variable in our models in tables 3 and 4.

Physiological Environment

Menopausal status was based on menstrual bleeding predict-
ability in the three months prior to interview with the following
categories: no decreased predictability in menses timing (pre-
menopause), decreasing predictability in the time between men-
ses (early perimenopause), no menses for 3-11 months (late peri-
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Table 2. Means of cognitive scores by physical limitation category

Cognitive measure Physical limitation index p value*
all no moderate severe
women limitation  limitation  limitation
Symbol Digit Modality Test
Follow-up visit 04 (n =1,914) 56.1 57.3 54.7 50.5 <0.001
Follow-up visit 06 (n =1,890) 56.8 58.0 55.7 50.1 <0.001
Follow-up visit 08 (n = 1,382) 58.6 60.0 57.0 52.4 <0.001
Digit Span Backward Test
Follow-up visit 04 (n = 1,915) 6.6 6.8 6.4 5.9 <0.001
Follow-up visit 06 (n =1,860) 6.8 6.9 6.5 6.1 <0.001
Follow-up visit 08 (n = 1,381) 7.0 7.2 6.7 6.2 <0.001
East Boston Memory Test
Follow-up visit 04 (n = 1,921) 10.2 10.3 10.0 9.5 <0.001
Follow-up visit 06 (n = 1,920) 10.3 10.4 10.1 9.7 <0.001
Follow-up visit 08 (n = 1,412) 10.5 10.5 10.6 10.2 <0.001

* p value denotes significant difference in cognitive measures according to physical limitation severity cat-

egory.

menopause), or no menses for 12 or more months (postmeno-
pause). Women using estrogen and related hormones were
classified as hormone users.

The Core SWAN protocol specified a blood draw following a
minimum 10-hour fast with specimens analyzed for cardiovascu-
lar risk measures at baseline and follow-up visits through visit 07.
Phlebotomy appointments occurred between days two through
five of the follicular phase of the menstrual cycle to allow for in-
terpretation of a standardized hormone environment among still
menstruating women.

Women were defined as having metabolic syndrome by meet-
ing at least three of the following criteria based on the National
Cholesterol Education Program Adult Treatment Panel III [25]
and using race-specific criteria for waist circumference [26]: (1)
waist circumference >88 cm for Caucasian and African-Ameri-
can participants and =80 cm for Chinese and Japanese partici-
pants; (2) triglycerides =150 mg/dl; (3) HDL-c <50 mg/dl; (4)
systolic blood pressure (BP) =130 mm Hg or diastolic BP =85
mm Hg or taking antihypertensive medication, and (5) fasting
glucose =110 mg/dl or evidence of diabetes. The metabolic syn-
drome categorization was based on measures taken one year pre-
ceding each measure of cognitive and physical functioning status
(F/U 03, 05, 07) based on our hypothesis that compromised met-
abolic status altered cognitive and physical function (fig. 1).

Depression

A depressive symptoms score was identified at F/U 04, 06 and
08 using the Center for Epidemiologic Studies Depression Scale
(CESD) [27].

Socioeconomic Resources

Education was measured in five categories at study baseline.
The categories included less than high school, high school, more
than high school, college, and more than college. Women in the
study were also asked if it was difficult to pay for basics such as
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food and housing at F/U 04, 06 and 08. The coded responses were
difficult, somewhat difficult, or not difficult at all. A high value
indicates that it was not hard to pay for basics. Chronological age
was measured in single years at F/U 04, 06 and 08. All analyses
included a dummy coded variable for study site.

Statistical Methods

In table 2, mean cognitive cores were calculated by physical
function category and study year using generalized linear mod-
els. In tables 3 and 4, the statistical analyses were implemented
using a repeated measures data set with 1-3 records for each
woman with the records representing the cognitive and physical
functioning measures for each year of study (F/U 04, 06 and 08).
The independent variables representing cognition were normal-
ized to have a 0 mean and 1 SD to facilitate comparisons in the
models in tables 3 and 4. At F/U 08, there were fewer functioning
data points contributing to the longitudinal analyses because, at
that visit in an effort to reduce costs, sites collected data from the
sample via mailed questionnaires with the postmenopausal
women. Completion of the third assessment was associated with
the control variables of age, ethnicity, and study site. In addition,
women with lower scores on the first evaluation were less likely
to complete later evaluations. This reduced the size of the decline
in cognitive scores over time and may have attenuated our re-
sults.

The associations between cognitive and physical function
variables were estimated from mixed models using the xtreg pro-
cedure (STATA 8 statistical package) with the GLS random ef-
fects estimator. Two sets of models were estimated with these
data. In the first set, the marginal association between the cogni-
tive measures and physical functioning was estimated (table 3).
A second set of models was used to determine if change in cogni-
tive function was related to change in physical function (table 4).
Variables representing time and an interaction term between the
time variable and cognitive function were added to the model.
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Table 3. Association of measures of cognitive function with physical functioning adjusted for age, race, and study site

Symbol Digit Modality Test Digit Span Backward Test East Boston Memory Test
B (SE) p value B (SE) p value B (SE) p value
Basic models!
Standardized cognitive measure 1.858 (0.337)  <0.001 0.569 (0.309) 0.030 0.744 (0.256) 0.002
Basic plus SES
Standardized cognitive measure 1.285(0.039)  <0.001 0.699 (0.310) 0.411 0.614 (0.257) 0.008
Education 1.519 (0.377)  <0.001 1.670 (0.378)  <0.001 1.641 (0.375) <0.001
Difficulty paying for basics 4.983 (0.545) <0.001 5.171 (0.549)  <0.001 5.110 (0.545) <0.001
Basic plus metabolic
Standardized cognitive measure 1.800 (0.352)  <0.001 0.581 (0.322) 0.035 0.687 (0.271) 0.005
Metabolic status -5.532(0.774)  <0.001 -5.569 (0.784)  <0.001 ~5.559 (0.774) 0.000
Basic plus menopause
Standardized cognitive measure 1.839 (0.336)  <0.001 0.561 (0.310) 0.034 0.728 (0.257) 0.002
Premenopause 5.226 (1.502)  <0.001 5.484 (1.521)  <0.001 5.221 (1.509) <0.001
Early perimenopause 1.303 (0.718) 0.035 1.583 (0.725) 0.015 1.459 (0.720) 0.021
Late perimenopause 0.761 (0.787)  0.150 0.635(0.793)  0.211 0.552 (0.786) 0.241
Hormone user 0.335 (0.950) 0.362 0.493 (0.960) 0.303 0.415 (0.952) 0.332
Postmenopause reference reference reference
Basic plus CESD score
Standardized cognitive measure 1.591 (0.331)  <0.001 0.530 (0.305) 0.04 0.623 (0.255) 0.004
CESD sum ~0.436 (0.033)  <0.001 ~0.453 (0.033)  <0.001 ~0.444 (0.033)  <0.001
Expanded models?
Standardized cognitive measure 1.039 (0.348) 0.001 0.084 (0.317) 0.39 0.472 (0.269) 0.04
Education 1.002 (0.367)  0.003 1.109 (0.367)  0.001 1.123 (0.365) 0.001
Difficulty paying for basics 4.406 (0.563)  <0.001 4.568 (0.566)  <0.001 4.490 (0.562) <0.001
Metabolic syndrome -5.277 (0.755)  <0.001 -5.383 (0.762)  <0.001 -5.221 (0.754) <0.001
Menopause status
Premenopause 4.780 (1.545) 0.001 4.951 (1.561)  <0.001 4.820 (1.550) 0.001
Early perimenopause 1.183 (0.731) 0.05 1.359 (0.736) 0.03 1.333 (0.732) 0.03
Late perimenopause 0.462 (0.822) 0.28 0.244 (0.827) 0.38 0.261 (0.820) 0.37
Hormone user -0.189 (0.969) 0.42 -0.100 (0.977) 0.45 -0.139 (0.971) 0.45
Postmenopause reference reference reference
CESD sum -0.376 (0.035)  <0.001 -0.388 (0.035) <0.001 -0.385 (0.034) <0.001

! Basic models relate four different cognitive function assessments to physical function, adjusted for age, race, and study site.
2 Expanded models additionally adjusted for education, difficulty paying for basics, metabolic syndrome status, menopause status,

and depression.

This interaction term indicates whether or not the change in the
cognitive function is related to the change in physical function;
the term’s p value indicates the statistical significance of the re-
lationship.

Results

Sample Characteristics

The average age of participants (at F/U visit 04) was 50
years. Half of the sample was Caucasian, 28% were Afri-
can-American, 10% were Chinese, and 12% were Japa-
nese. Approximately one-third of women reported at
least some difficulty paying for basics (table 1).

254 Gerontology 2010;56:250-258

At F/U visit 04, 7% of women were premenopausal,
45% were early perimenopausal, 11% were late perimeno-
pausal, and 25% were postmenopausal. Twelve percent of
women were using exogenous hormones. Approximately
1 in 5 women was classified as having metabolic syn-
drome (table 1).

Physical and Cognitive Functioning

The average SF-36 physical functioning score at F/U
04 was 83.6. Sixty-eight percent of women were desig-
nated as having no physical limitations (PF score 85-100),
24% reported moderate limitations (PF score 50-84), and
8% were classified with severe limitations at the F/U 04
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Table 4. Association of 2-year change in physical functioning score

and 2-year change in measures of cognitive function

Symbol Digit Modality Test Digit Span Backward Test ~ East Boston Memory Test
B (SE) p value B (SE) p value B (SE) p value
Basic models'
Standardized cognitive measure 2.170 (0.829) 0.004 -0.185(0.814)  0.410 2.064 (0.841) 0.007
Time 0.011 (0.192) 0.476 0.162 (0.192)  0.199 1.50 (0.191) 0.216
Time X standardized cognitive measure -0.052 (0.125) 0.388 0.126 (0.129)  0.164 -0.231 (0.139) 0.048
Expanded models®
Standardized cognitive measure 1.520 (0.878) 0.041 0.127 (0.139)  0.280 1.917 (0.898) 0.016
Time 0.119 (0.194) 0.268 0.209 (0.191)  0.138 1.188 (0.191) 0.162
Time X standardized cognitive measure -0.087 (0.135) 0.256 0.127 (0.139)  0.180 -0.256 (0.150) 0.044

! Basic models relate physical function change with changes in four different cognitive function assessments, adjusted for age, race,

and study site.

2 Expanded models additionally adjusted for education, difficulty paying for basics, metabolic syndrome status, depressive symp-

toms, and menopause status.

(PF score <50). There was a modest decline in the propor-
tion of women reporting no limitations between F/U 04
and F/U 08.

Mean scores for the cognitive functioning measures at
F/U 04 were SDMT (56, range 11-95), DSBT (6.6, range
1-12), and EBMT (10, time 1 and time 2, range 0-12).
There were small overall 4-year changes in the cognitive
functioning measures between F/U 04 and F/U 08.

Association of Physical and Cognitive Functioning.
Women with severe physical limitations had lower scores
on unadjusted cognitive measures, and this was consis-
tently observed at each of the three visits (table 2).

Results from the cross-sectional random effects mod-
el for each cognitive measure are shown in table 3 and
include three levels: (1) basic models with adjustment for
age, race, education and study site; (2) basic models with
one additional covariate, and (3) full models including
adjustment for menopause status, depressive symptoms,
metabolic status, and SES. In the basic models, all three
cognitive measures positively and significantly predicted
physical functioning. An increase of 1 SD in the SDMT
would result in a 1.86 unit higher physical functioning
score. A 1-SD increase in DSBT would result in a 0.57
points higher physical functioning score. A 1-SD increase
in the EBMT would result in a 0.74 points higher physical
functioning score.

The second groups of models included an additional
covariate or covariate group to the basic model (table 3).
First, the two variables representing SES were added to
the model. Both SES variables were significant determi-
nants of physical functioning. The coefficients of the cog-
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nitive measure were attenuated but remained statistically
significant for the SDMT and the EBMT measures. Met-
abolic status was significantly associated with physical
functioning, and all three cognitive measures remained
significant. Only small changes occurred in the size of
the coefficients. The addition of the menopause variable
did not have a sizeable effect on the magnitude of signif-
icance of the cognitive measures. Finally, the CESD mea-
sure was significantly related to physical functioning but
had only a small effect on the beta coefficients for the
cognitive variables.

In the third group of models that also controlled for
SES, metabolic syndrome status, menopause status and
depressive symptoms (table 3), the coefficient for physical
functioning remained positive and statistically signifi-
cant for the SDMT and EBMT. The size of the beta coef-
ficient dropped from 1.86 to 1.04 for the SDMT and from
0.74 to 0.47 for the EBMT.

Changes in Physical and Cognitive Functioning — Lon-
gitudinal Model (table 4). The 4-year difference in cogni-
tive functioning was related to the 4-year difference in
physical functioning as shown with a random-effects
model. Models also included a variable for time and an
interaction term for cognitive functioning with time to
assess if the change in cognitive functioning was associ-
ated with the change in physical functioning.

In models that included both the basic and the ex-
panded list of covariates (table 4), the interaction term
between time and cognitive functioning was significant
for the EBMT, suggesting that the 4-year change in verbal
and short-term memory was predictive of the 4-year

Gerontology 2010;56:250-258 255



change in physical functioning. Interaction terms repre-
senting the other two cognitive measures were not statis-
tically significant.

Discussion

In thislongitudinal study of women at midlife: (1) low-
er physical functioning scores were related to lower scores
on the three measures of cognitive functioning; (2) the
4-year change in physical functioning was associated
with the 4-year change in a measure of verbal and short-
term memory (EBMT) but not with the 4-year change in
measures of complex attention and information process-
ing speed (SDMT) or the 4-year change in a measure of
working memory (DSBT), and (3) relationships between
physical and cognitive functioning measures were atten-
uated with adjustment for socioeconomic environment,
depressive symptoms and metabolic syndrome, suggest-
ing that in part, these associations between cognitive and
perception of physical functioning were influenced by
measures of SES, depressive symptoms, and metabolic
syndrome.

While the SDMT measure was more strongly corre-
lated with physical functioning assessment, cross-sec-
tionally, the change in physical functioning was more
strongly associated with EBMT than with other cognitive
measures. This may have occurred because memory may
change more than other cognitive measures in this age
group.

We used the metabolic syndrome to approximate al-
terations in the physiological environment that may be
related to cerebral blood flow and glucose metabolism.
Chronic insulin resistance appears to have a deleterious
effect on memory among individuals with type II diabe-
tes mellitus [28, 29] or impaired glucose tolerance [30]
and is related to impaired operant learning and classical
conditioning in animals [31].

In our investigation, SES attenuated the association
between physical and cognitive functioning, even after
adjustment for metabolic status. This suggests that while
obesity, high BP, diabetes, and reduced lung function are
more prevalent among low SES groups and lower SES is a
risk factor for cardiovascular disease and stroke [32], oth-
er elements in SES not linked to these metabolic measures
remain operational in this sample. Notably, a longitudi-
nal study of older adults found that those in the lowest
SES group also had an increased risk of mobility limita-
tion, even after accounting for a wide range of diseases
and risk factors [33]. The magnitude and consistency of
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statistically significant associations with measures avail-
able suggest that the overarching impact of SES in rela-
tion to functioning is present even as modest declines are
being observed among these mid-aged women [34].

Menopause status also contributed to the association
of cognitive measures with physical functioning. We have
previously described that progressive stages of the meno-
pause transition were associated with increasingly di-
minished physical functioning among 16,065 women
aged 40-55 years, after adjusting for age [35]. Studies of
estrogen therapy, frequently conceived as a model of the
physiological state prior to the demise of ovarian estra-
diol levels, have shown that estrogen users may have de-
creased brain white matter lesions [36], increased cere-
bral blood flow [37], and increased glucose metabolism in
certain brain regions [38] compared to nonusers. These
characteristics appear to modulate the effects of various
neurotransmitter systems [39] and alter regional brain
activation patterns during cognitive processes [40]. Our
results incorporating a measure of depressive symptoms
are also consistent with earlier research that identified
that depression was associated with reduced physical
functioning and attenuated the relationship between
cognitive and physical functioning [16-18].

This study has strengths and limitations. Although
this study is associated with a large number of women,
the proportionately fewer Japanese and Chinese women
forced us to examine overall associations, adjusting for
race, rather than examine associations within each race
group. While the age of this population is relatively
younger compared to other populations in which physi-
cal and cognitive functioning have been examined, our
assessment suggests that there is a substantial amount of
perceived compromised physical functioning present.
Assessment of perceived physical functioning may or
may not be comparable with information from perfor-
mance-based measures. More change may have been
observed in physical functioning if performance-based
measures were available in the study. Further, the cogni-
tive measures were limited to the working memory, per-
ceptual speed and verbal and short-term memory do-
mains. Direct measures of cerebral blood flow were not
possible in this large epidemiological study. Finally, while
there were three assessments during the 4-year period
during the menopause transition, this time period may
be inadequate to confirm distinct changes in younger
women who are experiencing both chronological and
ovarian aging and have experienced only a modest de-
cline in cognitive function. The small amount of change
in cognitive and physical functioning may have contrib-
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uted to the weaker longitudinal associations compared
to the cross-sectional associations. Health studies often
identify a stronger cross-sectional than longitudinal as-
sociations, with the former describing between-person
variation while the longitudinal study, by design, includes
within-person variation.

This study provided evidence that women at midlife
have concurrently diminished physical and cognitive
functioning; some decline appeared to occur even in a 4-
year period of observation. Apart from chronological
age, menopause status, metabolic syndrome, depression
and the socioeconomic environment were clearly associ-
ated with physical functioning, and their presence atten-
uated the relationship between physical and cognitive
functioning suggesting their potential underlying contri-
bution to functioning.
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