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ABSTRACT

Background: High midlife and late-life adiposity may increase risk for dementia. Late-life decrease
in body mass index (BMI) or body weight within several years of a dementia diagnosis has also
been reported. Differences in study designs and analyses may provide different pictures of this
relationship.

Methods: Thirty-two years of longitudinal body weight, BMI, waist circumference, and waist-to-
hip ratio (WHR) data, from the Prospective Population Study of Women in Sweden, were related to
dementia. A representative sample of 1,462 nondemented women was followed from 1968 at
ages 38–60 years, and subsequently in 1974, 1980, 1992, and 2000, using neuropsychiatric,
anthropometric, clinical, and other measurements. Cox proportional hazards regression models
estimated incident dementia risk by baseline factors. Logistic regression models including mea-
sures at each examination were related to dementia among surviving participants 32 years later.

Results: While Cox models showed no association between baseline anthropometric factors and
dementia risk, logistic models showed that a midlife WHR greater than 0.80 increased risk for
dementia approximately twofold (odds ratio 2.22, 95% confidence interval 1.00 – 4.94, p �

0.049) among surviving participants. Evidence for reverse causality was observed for body
weight, BMI, and waist circumference in years preceding dementia diagnosis.

Conclusions: Among survivors to age 70, high midlife waist-to-hip ratio may increase odds of
dementia. Traditional Cox models do not evidence this relationship. Changing anthropometric
parameters in years preceding dementia onset indicate the dynamic nature of this seemingly
simple relationship. There are midlife and late-life implications for dementia prevention, and analytical
considerations related to identifying risk factors for dementia. Neurology® 2009;73:1559 –1566

GLOSSARY
ADCVD � AD with cerebrovascular disease; BMI � body mass index; DBP � diastolic blood pressure; DSM-III-R � Diagnos-
tic and Statistical Manual of Mental Disorders, 3rd edition, revised; HAAS � Honolulu Asia Aging Study; PPSW � Prospec-
tive Population Study of Women; SBP � systolic blood pressure; SES � socioeconomic status; VaD � vascular dementia;
WHR � waist-to-hip ratio.

Overweight and obesity measured during both midlife and late-life have been related to risk for
dementia.1-4 However, some studies have not shown this relationship,5 or reported late-life decline
in body mass index (BMI) or body weight prior to dementia onset.6-10 Differences in study designs,
lengths of observation periods, analytical strategies, and the natural history of the disorder in rela-
tionship to measurement of anthropometric indicators may influence observed relationships.

Published reports relating anthropometric factors and dementia over at least 20 years in-
clude those with midlife or late-life approaches, as well as continuous, longitudinal approaches.
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For example, the Kaiser Permanente,11,12 the
Cardiovascular Risk Factors, Aging, and De-
mentia,2 and the Cardiovascular Health
Study10 cohorts have reported on midlife
higher adiposity and late-life dementia among
those who survive to the age when they are at
risk for dementia. The Honolulu Asia Aging
Study (HAAS)6 did not observe this associa-
tion. Using a continuous, longitudinal ap-
proach, the Rancho Bernardo cohort8did not
report an effect of higher body weight.

Using data collected over 32 years from the
Prospective Population Study of Women
(PPSW) in Sweden, we explored the association
between adiposity and dementia using midlife,
late-life, vs traditional proportional hazards ap-
proaches, as well as potential reverse causality
(i.e., dementia causing the decline) in years im-
mediately preceding dementia diagnosis. Collec-
tion of baseline data was extensive, and has been
continuously collected over time, and linkages
to Swedish hospital discharge and other national
registries allow for almost complete follow-up of
participants.

We examined the relationship between the
anthropometric indicators, body weight,
BMI, waist circumference (waist), and WHR
and the development of dementia in a repre-
sentative urban sample of women followed for
32 years in the PPSW in Gothenburg, Swe-
den, using a variety of analysis strategies.

METHODS Participants. The PPSW13,14 was initiated in
1968–1969 using a sampling frame consisting of women who
were systematically sampled from the census register in Gothen-
burg based on preselected days and months of birth years 1908,
1914, 1918, 1922, and 1930. Using this method, 11% (n �

1,622) of all women in the population were eligible, of whom
1,462 (participation rate 90%) aged 38–60 years participated at

baseline. Participants were invited for new examinations in 1974,
1980, 1992, and 2000 (see figure 1). Of women participating in
1968, 161 developed dementia over the 32-year follow-up period.
Among those who survived and participated in both the 1968 and
2000 examinations (n � 651), 87 developed dementia (median
follow-up time, 32.0 years; range 31.1–34.8 years). Those who
died, or declined participation during the follow-up period, were
traced in records from hospitals and homes for the aged, inpatient
and outpatient departments in psychiatric hospitals and clinics, mu-
nicipal psychiatric outpatient departments in Gothenburg, the
hospital-linkage system, and death certificates.15 Dementia diag-
noses were obtained for all study participants, since almost all people
in Sweden receive their health care from the community and have
an equal chance of having a case record.

Standard protocol approvals. All participants (or their
nearest relatives) gave informed consent to participate. The study
was approved by the Ethics Committee for Medical Research at
the University of Gothenburg.

Procedure. Detailed, longitudinal examinations of aging and
somatic and psychiatric disorders included physical examina-
tions performed by a geriatrician, electrocardiogram, chest
X-ray, a battery of blood tests, and neuropsychiatric examina-
tions performed by psychiatrists or psychiatric nurses. Partici-
pants were surveyed in 1968, 1974, 1980, 1992, and 2000 about
a variety of potential risk factors for age-related diseases, such as
education, smoking habits, socioeconomic status (SES), alcohol
intake, medication use, and medical history.

Dementia assessments. Neuropsychiatric examinations oc-
curred over the entire 32-year follow-up. More extensive neuro-
psychiatric examinations and close informant interviews began
when participants were 70 years or older, and were performed by
psychiatrists in 1992, and experienced psychiatric nurses in
2000.16 Medical records were collected from hospitals and out-
patient departments in Gothenburg, and dementia diagnoses
based on consensus conferences by geriatric psychiatrists. The
Swedish Hospital Discharge Registry provided diagnostic infor-
mation for individuals discharged from hospitals since 1978.

Dementia was diagnosed according to DSM-III-R criteria.17

AD (probable and possible) was diagnosed according to the Na-
tional Institute of Neurological and Communicative Disorders
and Stroke and the AD and Related Disorders Association crite-
ria.18 Pure vascular dementia (VaD), according to National
Institute of Neurological Disorders and Stroke–Association In-
ternationale pour la Recherche en l’Enseignement en Neuro-
sciences criteria, was also considered.19 VaD was diagnosed when
an individual had one or more infarcts detected by CT scanning

Figure 1 Thirty-two years of adiposity indicators and dementia

The Prospective Population Study of Women. Number of dementias at each examination year reflects the number diagnosed between the previous exami-
nation up to and through the current examination year. A description of case selection for various statistical approaches is included in the text.
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and/or a history of acute focal neurologic symptoms and signs

(restricted to definite symptoms or signs, such as acute hemipa-

resis or acute motor aphasia). AD with cerebrovascular disease

(ADCVD) was diagnosed among individuals with both AD and

history of stroke or cerebrovascular disease.16

Anthropometric assessments. Anthropometric measure-

ments were conducted in the morning with participants wearing

light clothing.20 Body weight was recorded to the nearest 0.1 kg,

and body height was measured to the nearest 0.5 cm. Body mass

index (BMI) was calculated as kilograms per meter squared

(kg/m2). Categories of BMI used to denote total body adiposity

were �25 kg/m2 for overweight and obesity and �30 kg/m2 for

obesity.21 Waist and hip circumferences were measured to the

nearest 0.5 cm. The waist-to-hip ratio (WHR) was calculated as

the ratio of waist to hip circumference. Central adiposity was

defined as a waist circumference �88 cm or a WHR �0.80.22

Clinical assessments. Blood pressure was measured in the

right arm, seated after 5 minutes’ rest using a mercury manome-

ter. Systolic blood pressure (SBP) and diastolic blood pressure

(DBP) were registered to the nearest 2 mm Hg. DBP was

defined as Karotkoff phase 5.23 Serum cholesterol and triglycer-

ide levels were measured at the Clinical Chemistry Laboratory at

Sahlgrenska University Hospital. Diagnoses of myocardial in-

farction, stroke, cancer, and diabetes were based on self-reports

and clinical examinations (ECG and blood samples), case

records, hospital discharge registry, national cancer registry, and

national stroke registry over 32 years.

Lifestyle assessments. Level of education (completing 6 years

or less vs more than 6 years compulsory education) and socioeco-

nomic status (SES), defined as working vs middle or upper class,

were based on 1968–1969 survey responses. Alcohol consumption

and cigarette smoking were defined as ever vs never use in each

examination year. Leisure time and work physical activity was mea-

sured using a combined frequency and intensity measure.

Statistical analysis. Means and standard deviations were cal-

culated for all quantitative variables and frequencies and percents

for categorical variables. Two primary analysis strategies were
used to evaluate the relationship between anthropometric factors
and dementia. First, Cox proportional hazards regression analy-
ses were used to calculate hazards ratios related to incident all
dementias, AD, VaD, and DCVD over 32 years in relationship
to anthropometric factors measured in 1968. Time at risk was
calculated to December 31, 1999, the date at which surviving
participants were eligible for participation in the year 2000–
2003 follow-up, diagnosis of dementia if before this date, or
death. Second, logistic regression analyses were conducted using
anthropometric and other factors measured concurrently at ex-
aminations in 1968, 1974, 1980–1981, 1992–1993, and 2000–
2003 in relationship to dementia diagnosed among those
examined in 2000–2003.

The process for selection of covariates began with univariate
regression analyses of age, SBP and DBP; fasting glucose, triglyc-
erides, and total cholesterol; cardiovascular disease; diabetes; age
at menopause; cancer; education; and SES, cigarette smoking,
and alcohol (wine, beer, spirits) intake. Variables were included
in multivariate regression models if they met the criteria of p �

0.05 in univariate analyses at any examination year.
Covariates were entered into Cox proportional hazards regres-

sion models using a single step approach. The assumption of pro-
portional hazards was checked using techniques based on the use of
Schoenfeld residuals. Cox models were adjusted for factors mea-

sured in 1968, including age, serum triglycerides, total serum cho-
lesterol, SBP, age at menopause, education, and diabetes.

In logistic regression models, concurrent (during each exam-
ination year) measures were included. In 1968, covariates in-
cluded age, education, SBP, serum cholesterol, and serum
triglycerides; in 1974, age, education, SBP, serum cholesterol,
and serum triglycerides; in 1980, age, education, systolic blood
pressure, serum glucose, serum cholesterol, and serum triglycer-
ides; in 1992, age, education, serum cholesterol, and wine and
spirit intake; and in 2000, age, education, and serum triglycer-
ides. Only participants with complete information were in-
cluded in logistic regression analyses.

Anthropometric factors were considered as continuous mea-
sures, and also dichotomized, before inclusion in regression
models. In models including continuous measures, risk of de-
mentia was calculated per 1.0 kg/m2 increment of BMI, per 1
cm waist, and per 0.01 unit WHR. Two-tailed tests were used in
all analyses at a significance level of p � 0.05. SAS, version 9.2,
and SPSS, version 15.0, were used to conduct data analyses.

RESULTS Characteristics of women who partici-
pated in the baseline examination in 1968 are shown
in table 1. At baseline, an overweight BMI was prev-
alent among 25.4%, and an obese BMI among 7.7%
of the women. A risky waist circumference was prev-
alent among 5.7%, and a risky WHR among 11.7%
of women.

Over 32 years, dementia occurred in 161 partici-
pants, at an average age of 75.6 (7.29) years (range

Table 1 Baseline characteristics of women
participating in the Prospective
Population Study of Women

Mean (SD)
or n (%) Range

Birth cohort

1908 81 (5.5%)

1914 180 (12.3%)

1918 398 (27.2%)

1922 431 (29.5%)

1930 372 (25.4%)

Education (% more
than compulsory

443 (30.4%)

Weight (kg) 64.5 (11.0) 37.0–143.0

Body mass index (kg/m2) 24.1 (3.8) 14.3–50.7

Waist circumference (cm) 73.5 (8.7) 53.5–127.5

Waist-to-hip ratio 0.74 (0.05) 0.59–1.00

Cholesterol (mmol/L)* 6.8 (1.1) 3.6–12.8

Triglycerides (mmol/L)* 1.2 (0.6) 0.4–4.9

Systolic blood
pressure (mm Hg)

133.3 (21.9) 82.0–246.0

Diastolic blood
pressure (mm Hg)

85.6 (11.1) 54.0–178.0

Over 32 years

Diabetes 153 (10.5%)

Cardiovascular disease 495 (33.9%)

*Excluding one outlier for each cholesterol and triglycerides.
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48–91 years). Fifteen cases of dementia (9.3%) oc-
curred at the age of 65 years or younger; 55 (34.2%)
at age 66 through 75 years; 83 (51.6%) at age 76
through 85 years; and 8 (5.0%) at age 86 years or
older. There were 75 cases of AD, 108 cases of
ADCVD, and 37 cases of pure VaD. Total risk time
evaluated was 41,415 risk years. There were 16
“other” dementias (e.g., Parkinson type dementia)
that were not included in subtype analyses but were
included in analyses of dementia. Among women
who participated in the examination beginning in
2000, there were 45 cases of AD, 61 cases of
ADCVD, and 22 cases of VaD. There were 4 “other”
dementias that were not included in subtype analy-
ses, but were included in analyses of dementia.

Evaluation of the dementia–adiposity relation-
ship using Cox proportional hazards models showed
no association between body weight, BMI, waist, or
WHR in 1968 and dementia occurring during the
32-year follow-up period (table 2). This was also ob-
served for dementia subtypes (data not shown).

Logistic regression models evaluating the relation-
ship among women participating in both the baseline
1968 examination and 32 years later in the year 2000
examination showed different relationships. A WHR
greater than 0.80 at baseline (age 38–60 years in
1968) was associated with a 2.2-fold higher
multivariate-adjusted odds of dementia among sur-
viving participants, aged 70 years or older. In con-
trast, there was a trend for the odds of dementia by
body weight, BMI, and waist circumference to de-
crease over time just prior to and at the time of de-
mentia diagnosis when considering anthropometric
measurements at different baselines over time (figure
2, table 3, and table e-1 on the Neurology® Web site

at www.neurology.org). Logistic regression models
suggested similar, significant results for ADCVD,
and similar but nonsignificant results for pure AD
and pure VaD (data not shown). Cox proportional
hazards models evaluating these relationships among
survivors showed similar results.

Survival analyses showed WHR to increase the
risk of death among those dying prior to January 1,
2000, and therefore ineligible to participate in 2000.
Other anthropometric indicators had no effect (table
e-2). Other factors related to adiposity, such as phys-
ical activity in 1968, were not related to dementia.

DISCUSSION We observed approximately twofold
higher odds of dementia after 32 years with a high
midlife measure of central adiposity in Swedish
women. Higher odds of dementia were associated
with a WHR exceeding 0.80, which is considered to
be risky for cardiovascular health24,25 and potentially
for overall mortality.26,27 Interestingly, the midlife
central adiposity finding was only observed among
those who survived 32 years to at least age 70 years
and who participated in the neuropsychiatric exami-
nation. While high midlife BMI was not related to
dementia in this sample, higher BMI, as well as body
weight, waist, and WHR, were associated with lower
odds of dementia when measured in the years more
immediately preceding a dementia diagnosis.

To our knowledge, there has been only one pub-
lished report of high central adiposity, measured in
midlife using sagittal-abdominal diameter, being re-
lated to higher dementia risk after more than 3 de-
cades. This observation was made in the Kaiser
Permanente cohort, a large American population of
individuals enrolled in a health care plan.12 A similar

Table 2 Risk of dementia among women by anthropometric factors measured at age 38 – 60 years using Cox
proportional hazards models over 32 years

Anthropometric factors

Age-adjusted hazards
ratio (95% confidence
interval) p Value

Multivariate-adjusted
hazards ratio* (95%
confidence interval) p Value

Weight (kg) 1.00 (0.98–1.01) 0.764 1.00 (0.98–1.01) 0.752

Body mass index (BMI)

Per kg/m2 1.00 (0.96–1.04) 0.980 0.99 (0.94–1.04) 0.727

>25 kg/m2 0.91 (0.65–1.27) 0.577 0.84 (0.59–1.21) 0.361

Waist circumference (cm)

Waist, per cm 1.00 (0.99–1.02) 0.675 1.00 (0.98–1.02) 0.927

Waist >88 cm 1.17 (0.64–2.12) 0.614 1.25 (0.67–2.35) 0.486

Waist-to-hip ratio (WHR)

Per 0.01 unit 1.02 (0.99–1.05) 0.131 1.01 (0.98–1.05) 0.399

>0.80 1.50 (0.95–2.36) 0.082 1.41 (0.86–2.30) 0.173

BMI >25 kg/m2 � WHR >0.80 1.35 (0.81–2.24) 0.251 1.28 (0.75–2.20) 0.365

*Multivariate models for Cox proportional hazards regression analyses include age, serum triglycerides, serum cholesterol,
systolic blood pressure, age at menopause, education, and diabetes.
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risk estimate, approximately twofold higher, as ob-
served here for WHR, was reported. Another study
in later life with shorter follow-up showed higher
waist circumference related to higher AD risk in
adults aged 65 to 75 years, but not in those aged 76
years and older.5 There have been 2 reports evaluat-
ing midlife and late-life BMI–dementia relationships
in the same population sample. HAAS showed
greater BMI decline among patients with dementia,
and no effect of baseline BMI, as we observed here.6

The Cardiovascular Health Study has reported on both
midlife and late-life BMI–dementia relationships over
an average 5-year follow-up. Higher dementia risk from
age 65 years and older was related to a lower baseline
BMI, and retrospective self-reported recall of body
weight and height at age 50 years showed that high
midlife BMI increased dementia risk.10

Regarding BMI, there have been several prospec-
tive or nested epidemiologic reports1-4,6,8,9,11,28-30

evaluating BMI in relationship to dementia.
Most1-4,11,28,30 have shown a high BMI to be risky for
dementia when measured at least a decade prior to a
clinical diagnosis. In addition, similar to data pre-
sented here, some studies have reported on reverse
causality (often termed a protective effect) in rela-
tionship to higher body weight or BMI in the years
prior to a dementia diagnosis.6,8-10,31 The reverse cau-
sality is most likely due to the effects of dementia-
related neuropathology on dysregulation of energy
expenditure and body weight that exceeds what is

observed in normal aging. These data also continue
to support cross-sectional reports of low BMI or un-
derweight related to prevalent dementia.31-35

The methods we used to analyze 32 years of lon-
gitudinal data provide different results and interpre-
tation of results. Based on these analyses, when
evaluating adiposity and perhaps other vascular or
metabolic factors measured in midlife in relationship
to a disease of latest life, it is important to consider
those surviving to an age when they are at risk for
dementia. Model selection for this report was driven
by interest in comparing analytical methods cur-
rently reported in epidemiologic studies. Cox pro-
portional hazards models evaluating a disease
outcome over a long follow-up period with a high
amount of dropout that is possibly related to the co-
variates of interest might not capture the effect of
baseline exposure variables on the risk of dementia,
especially if the effect is not large.

Why did we not observe an effect of midlife
BMI on dementia risk? There are numerous po-
tential reasons for not observing this relationship.
First, our population had a healthy average base-
line BMI, and relatively low prevalences of over-
weight and obesity. This may have limited our
ability to observe an effect of high BMI. Second, it
could be that this population of Swedes born be-
tween 1908 and 1930 are less susceptible to de-
mentia for unidentifiable reasons, perhaps related
to factors at birth. That higher levels of BMI at age
70 years or older, born 1908 –1930, are protective
for dementia in the years immediately preceding
its onset, in contrast to our previously published
data on 70-year-olds born 1901–1902.1

Why are epidemiologic observations on the rela-
tionship between adiposity and dementia sometimes
inconsistent? First, the age of the adiposity measure
in relationship to clinical dementia onset varies
across studies. Throughout life, there may exist criti-
cal periods in which risk or protective factors may
have more or less impact. Second, while several stud-
ies have reported weight loss preceding dementia on-
set,6,8,9 this weight loss may precede a dementia
diagnosis by decades.31 Understanding whether
weight loss is evidence of reverse causality or a
marker of something else is not clear. Third, anthro-
pometric characteristics of populations vary around
the world, as do what these measures represent in
terms of adipose depots.36 Fourth, diagnosis of de-
mentia is not the same across epidemiologic studies.
Some studies use neuropsychiatric interviews, some
registry data, and others screening criteria prior to
more rigorous neuropsychiatric evaluation and diag-
nosis. Thus, populations with dementia are heteroge-
neous and identified at different levels of severity.

Figure 2 Odds of dementia at >70 years by body mass index measured at
each examination year

Multivariate models include covariates significant in univariate analyses at p � 0.05 at
each baseline examination year. In 1968, covariates included age, education, systolic
blood pressure, serum cholesterol, and serum triglycerides. In 1974, covariates in-
cluded age, education, systolic blood pressure, serum cholesterol, and serum triglycer-
ides. In 1980, covariates included age, education, systolic blood pressure, serum
glucose, serum cholesterol, and serum triglycerides. In 1992, covariates included age,
education, wine and spirit intake, and cholesterol. In 2000, covariates included age,
education, and serum triglycerides.
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Given the potentially rapid changes that occur in
BMI during the natural history of dementia, espe-
cially during prodromal phases, these nuances may
translate to different observations. Fifth, dementia is
a syndrome. Metabolic alterations, such as changes in
body weight, occurring with dementia may vary
based on expression of the syndrome.37-39

Among the strengths of this study are 32 years of
continuous follow-up to high age; representativeness of
the sample; comprehensive neuropsychiatric examina-
tions; and clinical anthropometric assessments. How-
ever, there are limitations and methodologic factors that
should be addressed. First, it is often difficult to dis-
criminate between AD and VaD. However, our criteria
for AD are strict, excluding cases with stroke or infarcts
on CT, and the clinical course of the disease was re-
viewed carefully by a team of psychiatrists. Second, the
diagnosis of dementia among those lost to follow-up
was based on case records, the hospital linkage system,
and death certificates; these sources are known to un-
derrate dementia. Thus, unidentified cases of demen-

tia may be included in the group without dementia,
which would most likely diminish differences be-
tween the 2 groups, and lead to conservative esti-
mates of effects. Third, dementia subtype analyses
were difficult due to small numbers of observations.
Finally, these results were observed in a homoge-
neous sample of Swedish women; replication in more
diverse populations is necessary.

The prevention of overweight and obesity, specif-
ically central adiposity during midlife, might be im-
portant for the prevention of dementia, the fastest
growing disease of late life.

Maintaining a higher level of BMI into the oldest
ages may protect against cognitive decline and de-
mentia. These data support the use of population-
based WHR guidelines in women for potential
prevention of late-life dementia.40
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Table 3 Relationship between anthropometric factors measured in midlife and late life in relationship to
dementia among women who participated in a follow-up at age 70 –92 using different baseline
examinations over time

1968
Examination,
age 38 – 60 y

1974
Examination,
age 44 – 66 y

1980
Examination,
age 50 –72 y

1992
Examination,
age 62– 84 y

2000
Examination,
age 70 –92 y

Weight (kg) 0.99 (0.96–1.02) 0.98 (0.95–1.01) 0.97 (0.95–1.00) 0.95 (0.92–0.98) 0.94 (0.91–0.98)

p Value 0.348 0.112 0.066 0.002 0.001

Body mass index (BMI)

Per kg/m2 0.96 (0.89–1.05) 0.93 (0.86–1.01) 0.93 (0.86–1.01) 0.89 (0.82–0.97) 0.85 (0.78–0.94)

p Value 0.382 0.081 0.086 0.001 0.002

BMI >25 kg/m2 0.72 (0.40–1.28) 0.60 (0.33–1.08) 0.75 (0.42–1.36) 0.50 (0.26–0.96) 0.26 (0.12–0.59)

p Value 0.257 0.088 0.343 0.039 0.001

Waist circumference (cm)

Waist, per cm 0.99 (0.96–1.03) 0.97 (0.93–1.00) 0.98 (0.96–1.01) 0.95 (0.92–0.99) 0.94 (0.91–0.98)

p Value 0.739 0.040 0.300 0.004 0.001

Waist >88 cm 1.31 (0.40–4.32) 0.36 (0.12–1.06) 0.90 (0.44–1.83) 0.39 (0.18–0.85) 0.36 (0.17–0.76)

p Value 0.654 0.064 0.761 0.018 0.008

Waist-to-hip ratio (WHR)

Per 0.01 unit 1.03 (0.97– 1.09) 0.96 (0.91– 1.00) 1.01 (0.96– 1.05) 0.95 (0.90– 1.00) 1.02 (0.99–1.05)

p Value 0.3312 0.066 0.837 0.040 0.217

WHR >0.80 2.22 (1.00–4.94) 0.68 (0.37–1.24) 1.29 (0.73–2.27) 0.64 (0.33–1.24) 0.86 (0.38–1.91)

p Value 0.049 0.207 0.383 0.185 0.703

BMI � WHR

BMI >25 kg/m2 � WHR
> 0.80

2.10 (0.87–5.09) 0.56 (0.27–1.17) 1.28 (0.69– 2.36) 0.54 (0.27–1.07) 0.32 (0.14–0.73)

p Value 0.100 0.122 0.432 0.079 0.007

Values are multivariate-adjusted odds ratios (95% confidence interval). Multivariate models include covariates significant
in univariate analyses at p � 0.05 at each baseline examination year. In 1968, covariates included age, education, systolic
blood pressure, serum cholesterol, and serum triglycerides. In 1974, covariates included age, education, systolic blood
pressure, serum cholesterol, and serum triglycerides. In 1980, covariates included age, education, systolic blood pressure,
serum glucose, serum cholesterol, and serum triglycerides. In 1992, covariates included age, education, wine and spirit
intake, cholesterol. In 2000, covariates included education and serum triglycerides.
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