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Abstract
Although studies exploring relationships between obesity and cognitive impairment in the elderly
are conflicting, literature suggests that overweight and obesity may be protective against cognitive
impairment and dementia in older women. We examine the associations between changes in
weight and waist circumference with global and domain-specific cognitive function in a large,
well-defined cohort of 2283 older, post-menopausal women (age 65-79) prospectively followed
through the Women's Health Initiative (WHI) Study of Cognitive Aging (WHISCA). We assessed
the associations between changes in weight and waist circumference collected up to 5 years prior
to WHISCA enrollment and mean levels of global and domain-specific cognitive performance
across an average of 5.4 years of subsequent follow-up. There was a lack of associations between
weight and cognition in women who remained stable or gained weight. The only significant
relationships observed were in association with weight loss (p≤0.05), most likely signaling
incipient disease. Moreover, cognition was not related to changes in waist circumference.
Relationships were largely independent of initial BMI, self-reported caloric intake or dieting. The
lack of associations between weight gain and cognition in women is consistent with the existent
literature.
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INTRODUCTION
With a rapidly growing elderly population, the prevalence of dementia is expected to
increase exponentially (1). Risk for dementia may be even greater when coupled with
obesity (2). Mounting evidence suggests that mid-life obesity is associated with a long-term
increased risk of dementia (3-7) and cognitive decline (8-10) in later life. Moreover,
correlates of mid- and later-life obesity, such as diabetes, hypertension, and cardiovascular
disease, are also associated with cognitive impairment and dementia (11-17).

Studies exploring relationships between obesity, dementia and cognitive impairment in the
elderly are conflicting. Literature suggests that overweight, obesity, and central adiposity
may be protective against cognitive impairment and dementia in older women (18-23), and
that low body mass index (BMI) may be associated with poorer cognition (24) and greater
cognitive decline (25). Conversely, it is common for weight loss to precede the dementia
diagnosis (26-29), perhaps as a result of pre-clinical pathophysiological changes (30).
Further characterization of these relationships is clearly needed.

Women's Health Initiative (WHI) and its ancillary offer an unprecedented opportunity to
examine relationships between changes in weight and waist circumference (WC) with
cognition in a large, well-defined cohort of older women. We ask: 1) Is weight change
associated with subsequent mean cognitive performance?, 2) Are similar relationships found
for changes in waist circumference?, and 3) Do relationships vary depending on initial BMI
or self-reported levels of caloric intake or dieting?

METHODS AND PROCEDURES
Participants

This is a cohort study of 2283 prospectively-followed women from the Women's Health
Initiative Study of Cognitive Aging (WHISCA) (31), an ancillary study to the WHI placebo-
controlled, randomized clinical trials of hormone therapy in postmenopausal women. On
average, 3 years post WHI enrollment, women from 14 of 40 original WHI centers were
invited to participate in WHISCA if they were English speaking and had not been classified
as having probable dementia, with 67% of the women participating in these clinics enrolled
(32, 33). At WHI enrollment, the women were 65 to 79 years of age. Sample characteristics
at the time of WHI enrollment stratified by change in percent weight and waist
circumference that occurred prior to WHISCA enrollment are described in Table 1. All
participants provided written informed consent. Studies were approved by the National
Institutes of Health and Institutional Review Boards of participating institutions. Participant
selection and detailed study designs have been previously published (31, 34).

Anthropometric Measurements
Trained and certified staff obtained anthropometric measurements at each WHI visit. Weight
to the nearest 0.1 kg and height to the nearest 0.1 cm were recorded annually and used to
calculate BMI, defined as weight in kilograms divided by the square of height in meters.
Waist circumference at the natural waist or narrowest torso part and maximal hip
circumference were measured to the nearest 0.1 cm. Waist circumference was measured on
all women at baseline and year 1, and on a random sample of 25% of women at years 3 and
6. Caloric intake was assessed at WHI baseline using the Food Frequency Questionnaire
(FFQ) (35). Dieting history was based on self-report.
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Cognitive Assessments
Detailed cognitive assessments occurred during each WHISCA visit. Data in this report
include cognitive assessments collected up until April, 2007. Tests were chosen based on
their sensitivity to age- and hormone-related changes (32). Test battery and protocol details
have been published previously (31). Table 2 lists the individual tests and cognitive domain
grouping. Individual test scores were converted to z-scores, expressed as deviations from the
cohort-wide mean at WHISCA enrollment divided by their standard deviations.

Covariates
Covariates include age, caloric intake, race/ethnicity, education, hypertension, smoking,
history of stroke, heart disease, diabetes, alcohol intake, and WHI treatment assignment. The
presence of depressive symptoms was defined as a score >0.009 (Burnam Index) (36).
Potential moderators include baseline measures of BMI, WC, 3MS, self-reported dieting,
caloric intake, and waist/hip ratio.

Statistical Analyses
Analyses were limited to women with less than ±20% change in weight (98%) or waist
circumference (99%), to exclude possible errors or extreme conditions. Weight or waist
circumference change is defined as the difference between the WHI baseline and last
available measurement preceding WHISCA. Weight change was related to mean levels of
global and domain-specific cognitive performance across an average of 5.4 years of
WHISCA follow-up.

Associations between changes in weight or waist circumference and subsequent mean
cognitive performance were modeled as follows: xij = β wi + αi + λ1 tij + λ2 tij2 + χik yik +
εij , where xij is the test score of participant i at visit j, β is the regression coefficient linking
percent weight changes to cognitive test scores, wi represents markers for weight change
group (to test for differences among groups) prior to WHISCA enrollment for participant i,
αi is an intercept term for participant i, tij is the time from WHISCA enrollment for
participant i at visit j, λ1 and λ2 are regression coefficients to control for curvilinear learning
effects, χik and yik parameterize the relationships between cognitive test scores and the
remaining k covariates and εij denotes random errors. Because two different word lists for
the CLVT test were used over time, a covariate term to distinguish these was included in
models involving verbal memory scores. Maximum likelihood algorithms were used and an
autocorrelation structure was adopted to express the longitudinal correlation of repeated
measures. Models were fitted without and with adjustment for risk factors for dementia.
Tests of interactions assessed whether relationships varied depending on baseline BMI,
caloric intake, or self-reported dieting.

RESULTS
Anthropometric measurements collected through WHI follow-up and prior to WHISCA
enrollment were available for 98% (2,256) of the sample. Table 1 examines the distribution
of pre-WHISCA weight changes across subgroups defined by a range of risk factors for
cognitive decline and dementia. Average weight at WHI enrollment was 74.1 kg with
interquartile range 62.6 kg to 82.9 kg. Mean BMI was 28.6 kg/m2, with interquartile range
24.5 to 31.8 kg/m2, and the following distribution: 2.3% < 20.0 kg/m2, 27.3% from
20.0-24.9 kg/m2, 35.8% from 25.0-29.9 kg/m2, 21.6% from 30.0-34.9 kg/m2, and 13.0% ≥
35.0 kg/m2. The percent weight change prior to WHISCA enrollment (follow-up weight
minus baseline weight, divided by baseline weight and multiplied by 100) averaged 0.1%,
with interquartile range -3.1% to 3.4%. The time span defining these changes ranged from
1.1 to 5.6 years, with mean 3.0 years and interquartile range of 2.5 to 3.5 years. Weight
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gains tended to occur in women who were younger, smokers at WHI baseline, had lower
waist/hip ratios, or had no hypertension.

Table 2 provides the mean and standard deviations of the individual cognitive tests at the
initial WHISCA visits, which were used to develop the standardized domain scores. These
reflect an average of 5.4 assessments occurring 1.1 to 11.5 years following enrollment in the
WHI, with interquartile range 4.0 to 7.0 years.

Women were grouped according to weight gain (≥ 5% gain), weight loss (≥ 5% loss), or
remaining stable prior to WHISCA enrollment and their subsequent mean levels of cognitive
function (standardized scores) were estimated with full covariate-adjustment (Table 3).
Women with prior weight loss had mean (standard error) standardized global cognitive
function scores of -0.04 (0.02), which were slightly lower than for women who had been
weight stable or who had gained weight: 0.02 (0.01) and 0.03 (0.02), respectively, with
p=0.04 for differences among groups. Differences among weight change groups were
statistically significant (p≤0.05) for verbal knowledge, verbal fluency, and fine motor speed.
Table 3 also included results from pairwise comparisons of mean cognitive function scores
among weight change groups. When differences existed, these tended to be between the
weight loss and weight stable groups, although for fine motor speed, the differences between
the weight loss and weight gain groups also reached statistical significance. For no measure
were differences between the weight stable and weight gain groups statistically significant.

Figure 1 portrays results from analyses for different groupings of weight change. Here
women are grouped according to the degree of any weight loss (<10% or ≥10%) or weight
gain (<10% or ≥10%) and mean global cognitive function scores are computed with full
covariate adjustment. As indicated on the figure, women with ≥10% weight loss performed
significantly worse than either weight gain group, and those with 10% weight loss
performed significantly worse than women gaining <10%. There was not a significant
difference between the two weight gain groups.

At WHI enrollment, women had a mean waist circumference of 89.2 cm with interquartile
range 79.0 to 98.0 cm, with average percent change 0.0% with interquartile range - 3.6% to
3.4% prior to WHISCA. Changes in weight and waist circumference were modestly
correlated r=0.35. Among the factors listed in Table 1, only two were significantly
associated with changes in waist circumference. Women with waist hip ratios <0.80
averaged 1.37 cm increases while others averaged 0.71 cm decreases (p<0.0001). Mean
waist circumference increased among women on placebo (0.47 cm for the CEE-Alone trial
and 0.41cm for the CEE+MPA trial) and decreased for women on active therapy (-0.51 cm
for CEE-Alone and -0.34 for CEE+MPA) (p = 0.008). Changes in waist circumference were
not related to any of the tests of cognitive function, with or without full covariate adjustment
(data not shown). The associations between weight changes and cognition were not
materially altered by including waist circumference changes as an additional covariate and
no interactions between weight and waist circumference changes in joint models of
associations with cognition were significant.

Percent weight changes were inversely associated with baseline BMI: mean (SE) changes
were 0.11 (0.84) for BMI < 20 kg/m2(N=53), 1.10 (0.25) for BMI 20-24 kg/m2 (N=621),
0.05 (0.21) for BMI 25-29 kg/m2 (N=814), -0.30 (0.27) for BMI 30-34 kg/m2 (N=491), and
-1.32 (0.36) for BMI ≥35 kg/m2 (N=295). At WHI enrollment, 10.6% of women reported
that they were currently following a low calorie diet. Reporting a low calorie diet was
associated with lower cognitive test scores for attention and working memory (p < 0.001)
and higher scores on fine motor speed (p = 0.03). When included in the regression models
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underlying Table 3, low calorie diet had no influence on estimates or inference tests and did
not have significant interactions with associations involving weight changes.

The reported (FFQ) mean caloric intake of women at WHI enrollment was 1599 kilocalories
(interquartile range 1146 to 1929 kilocalories). When quartile of intake (coded 1-4) was
included as a covariate in regression models, it was significantly associated with global
cognitive function (p=0.002), figural memory (p=0.002), verbal memory (p<0.001), and fine
motor speed (p=0.04). In each case, the direction of association was positive: higher
reported caloric intake was associated with better cognitive performance. Including this
covariate did not materially influence the estimated regression coefficients relating changes
in weight to mean cognitive performance. No interactions between weight changes and
kilocalorie intake reached statistical significance.

DISCUSSION
In this cohort of generally healthy, community-dwelling, post-menopausal women, we find
no differences in cognitive performance between women who gained weight or whose
weight remained stable over an average of 3.5 years (range 1- 5.6 years). Worse cognitive
performance, however, was associated with weight loss, potentially signaling increased risk
for cognitive impairment, as weight loss is common in pre-dementia stages. The
relationships were not modified by initial BMI, self-reported caloric intake or dieting.

A recent study by Kanaya and colleagues (11) reports no relationships between obesity and
cognition in women, even after controlling for potential explanatory links, including
metabolic risk factors, adipocytokines and sex hormone levels. Moreover, the Framingham
study found little prospective evidence for both obesity and hypertension as risk factors for
cognitive decline over a 4-6 year period in middle-aged and older women (37, 38), while the
Health ABC study reported trends toward less cognitive change in relation to obesity (11).
Our findings are largely in line with the above-mentioned studies – we report no negative
relationships between weight gain and cognitive performance in our sample of relatively
healthy older post-menopausal women.

Some have suggested that central obesity (waist circumference) is a better measure of
obesity in older adults (39), given that BMI may not adequately represent fat accumulation
due to concurrent decrease in muscle mass and bone density, and a proportionally higher
increase in abdominal compared to peripheral fat with age. Changes in waist circumference
were not related to global or domain-specific cognitive performance, although the results
could potentially be affected by the loss in power given fewer available waist circumference
data points.

Other potential limitations lie in the fact that our sample is not population-based, all are
female and that we can not address possible effects in younger postmenopausal women.
Also, we don't know whether the observed weight loss is a consequence of or predates age-
related impairment or whether there was an increase in morbidity or mortality associated
with weight loss that might signal changes due to some underlying pathology as opposed to
the normal aging process. These limitations, however, should not undermine the unique
aspects of our study, namely longitudinal assessments of a broad range of cognitive
functions in a large number of high-functioning, community-dwelling older women who
were assessed annually and extensively characterized through detailed prospective follow-
up.

The literature suggests several possible mechanisms that may provide a clue to the causal
pathways (12, 40). Adipose tissue, being the largest endocrine organ in the body and a
hormonally active tissue, secretes a number of protein hormones and adipokines, all of
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which cross the blood-brain barrier, enter the central nervous system where there are
appropriate receptors, and play a direct role in the development of insulin resistance and
endothelial dysfunction, maintenance and regulation of body fat, and in learning and
memory. Still, the link between obesity and body weight in general, and cognition is poorly
understood. Future studies focusing on mechanisms linking body weight in isolation and
obesity as a part of the metabolic syndrome (16) and cognition are imperative given that
obesity is a modifiable potential risk factor.

In conclusion, the magnitudes of associations between weight change and cognitive
performance in our cohort of older, post-menopausal women were small and of little clinical
significance for an individual woman. Additional longitudinal studies are needed to confirm
the associations, or the lack there of, between obesity and cognitive performance with age.
Moreover, a larger number of participants or follow-up visits over longer intervals will be
crucial in determining the sensitivity of different psychometric measures to weight change
with greater confidence.
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Figure 1. Association between weight changes and global cognitive function
Presented are fitted mean standardized global cognitive function scores from the full
covariate model for women grouped according to prior changes in weight (p=0.002, overall).
The pairwise differences between weight change groups that reach statistical significance
(Bonferroni-adjusted p<0.05) are between 10-20% weight loss and each other weight change
group and between 0-10% weight loss and 0-10% weight gain.
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Table 1

Characteristics of WHISCA women at WHI enrollment.

Variable N Percent Change in Weight Mean (SE)

Age–yrs (Missing=0)

    65-69 1062 0.53 (0.18)

    70-74 845 -0.20 (0.20)

    75+ 376 -0.59 (0.30)

P-value P=0.002

Education (Missing=7)

    < High school 118 0.23 (0.55)

    High school/GED 488 0.05 (0.27)

    > High school < 4 yr college 936 0.34 (0.19)

    ≥ 4 yr college 734 -0.31 (0.22)

p-value P=0.17

Ethnicity (Missing=4)

    American Indian/Alaskan native 6 -6.04 (2.39)

    Asian/Pacific Islander 26 1.17 (1.15)

    Black/African-American 142 0.11 (0.50)

    Hispanic/Latino 29 -0.43 (1.09)

    White, non-Hispanic 2053 0.08 (0.13)

    Other 23 -1.51 (1.22)

p-value P=0.09

Smoking status (Missing=26)

    Never 1247 -0.35 (0.19)

    Former 886 0.38 (0.19)

    Current 124 2.50 (0.53)

p-value P<0.0001

Alcohol intake (Missing=2)

    None 1011 0.00 (0.19)

    < 1 per day 989 0.20 (0.19)

    ≥1 per day 281 -0.15 (0.3)

p-value P=0.61

Waist Hip Ratio (Missing=8)

    < 0.80 802 0.43 (0.21)

    ≥ 0.80 1473 -0.11 (0.15)

p-value P=0.04

Hypertension (Missing=0)

    No 1190 0.35 (0.17)

    Yes 1093 -0.23 (0.18)
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Variable N Percent Change in Weight Mean (SE)

p-value P=0.02

Prior CVD (Missing=0)

    No 2070 0.03 (0.13)

    Yes 213 0.49 (0.40)

p-value P=0.27

Diabetes (Missing=2)

    No 2109 0.10 (0.13)

    Yes 172 -0.31 (0.46)

p-value P=0.39

Depressive symptoms (missing=124)

    No 2159 0.04 (0.14)

    Yes 386 0.14 (0.30)

p-value P=0.77

Intervention assignment

    CEE-Alone placebo 450 -0.15 (0.27)

    CEE 430 -0.44 (0.28)

    CEE+MPA Placebo 681 0.46 (0.22)

    CEE+MPA 722 0.13 (0.22)

p-value P=0.07
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Table 2

Components of the WHISCA cognitive battery.

Domain Tests Mean (SD) of Tests (used in creating z-
scores)

Global Cognition 3MS score 95.17 (4.35)

Verbal Knowledge PMA total correct – 1/3 incorrect 36.49 (9.80)

Verbal Fluency Letter Fluency 39.65 (12.48)

Category Fluency 28.96 (6.27)

Figural Memory BVRT: total figures with errors 7.14 (3.80)*

Verbal Memory CVLT-A 28.63 (6.38)

CVLT-A Long Delay 9.12 (3.08)

CVLT-A Short Delay 8.37 (3.11)

Attention and Working Memory Digit Span Forward 7.94 (2.05)

Digit Span Backward 6.67 (2.01)

Spatial Ability CRT: Total correct – total incorrect 55.52 (27.12)

Fine Motor Speed Finger Tapping Test Total dominant + non-dominant hand 37.44 (6.77)

Abbreviations: 3MS=Modified Mini-Mental State; PMA=Primary Mental Abilities Vocabulary; BVRT=Benton Visual Retention Test;
CVLT=California Verbal Learning Test; CRT=Card Rotation Test.

*
Higher scores reflect poorer performance
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Table 3

Relationships between percent change in weight and standardized measures of average test-specific cognitive
function by weight loss (≥5% loss), weight gain (≥5% gain), or stable weight.

Mean (SE) p-value1 Significant Pairwise Differences2

3MS

    Weight loss -0.02 (0.02)

    Stable weight 0.03 (0.02) 0.09

    Weight gain 0.04 (0.03)

Verbal Knowledge

    Weight loss 0.09 (0.02)

    Stable weight 0.14 (0.02) 0.002 WL vs. SW

    Weight gain 0.14 (0.02)

Verbal Fluency

    Weight loss 0.05 (0.02)

    Stable weight 0.09 (0.02) 0.02

    Weight gain 0.06 (0.03)

Figural Memory

    Weight loss 0.07 (0.02)

    Stable weight 0.11 (0.02) 0.13

    Weight gain 0.13 (0.03)

Verbal Memory3

    Weight loss -0.15 (0.02)

    Stable weight -0.12 (0.02) 0.31

    Weight gain -0.14 (0.03)

Attention and Working Memory

    Weight loss 0.03 (0.02)

    Stable weight 0.04 (0.02) 0.61

    Weight gain 0.02 (0.03)

Spatial Ability

    Weight loss 0.15 (0.02)

    Stable weight 018 (0.02) 0.36

    Weight gain 0.16 (0.03)

Fine Motor Speed

    Weight loss 0.05 (0.02) WL vs. SW

    Stable weight 0.10 (0.02) 0.01 WL vs. WG

    Weight gain 0.13 (0.03)

Global Cognitive Function
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Mean (SE) p-value1 Significant Pairwise Differences2

    Weight loss 0.06 (0.02)

    Stable weight 0.10 (0.02) 0.004 WL vs. SW

    Weight gain 0.11 (0.02)

WL = weight loss; WG = weight gain; SW = stable weight.

Mean standardized score over follow-up in standard deviation units. Adjustments were made for treatment assignment, baseline 3MS, a quadratic
term for on-WHISCA time to control for a learning effect and all variables listed in Table 1.

1
Differences among weight change groups

2
P<0.05 based on Bonferroni-adjustment for three pairwise comparisons

3
Additional adjustment for CVR
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