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ABSTRACT

Background: Diabetes mellitus has been reported to be a major risk factor for cardiovascular disease (CVD), and
higher risk of CVD among women than that among men has been observed in many studies. Further, the
association of diabetes with increasing risk of cancer has also been reported. Well-designed studies conducted
among men and women in the general Japanese population remain scarce.

Methods: Our cohort consisted of 13355 men and 15724 women residing in Takayama, Japan, in 1992. At the
baseline, the subjects reported diabetes in a questionnaire. Any deaths occurring in the cohort until 1999 were
noted by using data from the Office of the National Vital Statistics. The risk of mortality was separately assessed
for men and women by using a Cox proportional hazard model after adjusting for age; smoking status; body mass
index (BMI); physical activity; years of education; history of hypertension; and intake of total energy, vegetables,
fat, and alcohol.

Results: Diabetes significantly increased the risk of mortality from all causes [hazard ratio (HR): 1.35, 95%
confidence interval (CI): 1.11-1.64] and from coronary heart disease (CHD) (HR: 2.96, 95% CI: 1.59-5.50) among
men, and that from all causes (HR: 1.74, 95% CI: 1.34-2.26) and cancer (HR: 1.88, 95% CI: 1.16-3.05) among
women. Diabetes was not significantly associated with mortality from CHD among women.

Conclusion: The findings suggest that diabetes increases the risk of mortality from CVD among men and that
from cancer among women. The absence of increased risk of mortality from CHD among women may suggest a

particular pattern in the Japanese population.
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INTRODUCTION

Diabetes mellitus is a major risk factor of cardiovascular
disease (CVD), and epidemiological studies from different
areas have reported that people with diabetes are at higher
risk of mortality from CVD and from all causes. Japan
was ranked fifth among the World Health Organization
member states in terms of the estimated number of cases of
diabetes, and the increased risk of mortality among people
with diabetes imposes a significant health burden on the
nation. A previous study reported that the relative effect of
diabetes on the risks of mortality from CVD and all causes
among the Asian population did not differ from those among

the Caucasian population.5 The same study also reported that
the CVD risks associated with diabetes were similar in men
and women. However, detailed information regarding each
cohort from Japan that contributed to the study has not yet
been published and was therefore unavailable. Another study
in Japan indicated that the increase in the risk of heart disease
among diabetic patients was slightly higher in men than in
women, although the study was not based on an underlying
observational epidemiological study, and comparison was
made between the data of diabetic patients and population
statistics.® One prospective study in Japan reported that the
presence of diabetes increased the risk of CVD, and another
study conducted on atomic bomb survivors reported an
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association between HbAlc and mortality from CVD.”? In
both these studies, the combined risks for men and women
were calculated, and the number of participants included was
rather limited. Another study has reported an increase in the
risk of CVD in diabetic patients,9 although the participants of
this study were not selected from the general population but
consisted of patients. Thus, a study on a large cohort of men
and women selected from the general Japanese population in
order to assess the relationship between diabetes and the risk
of mortality from CVD and all causes is desired.

It has also been reported that diabetes is associated with an
increased risk of cancer. Moreover, studies conducted in
Japan and those conducted abroad have reported a
relationship of the risk of cancer or specific cancer in several
sites with diabetes and with the HbAlc and fasting plasma
glucose levels.10-1% Cancer is the leading cause of death in
Japan, and mortality from cancer exceeds that from CVD in
both men and women.'>!'® The risk of cancer mortality in
diabetic patients is likely to have an impact on the nation’s
public health.

The aim of the current study is to conduct a prospective
cohort study to assess the association between diabetes and
mortality from CVD, cancer, and all causes. We examined
the male-female difference in the risks of mortality associated
with diabetes. Our cohort was community-based and was
selected from the general Japanese population, and the risks
were assessed after considering the risk factors for CVD and
cancer.

METHODS

Study Participants

The data were obtained from the Takayama study in Japan.
The details of the Takayama study have been described
elsewhere.!”"1? In brief, the study population consisted of
men and women who were residents of Takayama City and
were 35 years or older in 1992. At the baseline, a self-
administered questionnaire was administered to 36990
residents, and a 92.0% response rate was obtained. Of the
participants who responded to the questionnaire, those who
did not complete more than 45% of it (n = 595, 1.7%) and
those who gave unreliable or inconsistent responses (n =
1871, 5.5%) were excluded from the cohort. The final fixed
cohort consisted of 31552 subjects, including 14427 men and
17125 women. Physician diagnoses of diabetes and other
major diseases, including hypertension, were reported in the
questionnaire in response to the question "Have you ever
been told by a physician that you have following diseases?"
The participants answered this question for each listed
disease. Those who reported a history of cancer, myocardial
infarction, angina, or stroke were excluded from the cohort.
The final cohort for the current study consisted of 29079
subjects, including 13355 men and 15724 women.
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Information regarding the baseline characteristics of the
study cohort, such as age; height; weight; cigarette smoking;
use of medication, including aspirin; and length of education
in years, was reported in the questionnaire. Women’s health
issues, including menopausal status and use of hormone
replacement therapy, were also asked in the questionnaire. In
addition, a semi-quantitative, validated, food-frequency
questionnaire (FFQ) that quantified 169 food items was
administered.!” From the FFQ data, the total daily calorie
intake and the intake of each nutrient and food item were
estimated according to the Japanese Standard Tables of Food
Composition, 5™ edition, published by the Science and
Technology Agency of Japan. Detailed information on the
FFQ, including its validity and reproducibility, has been
previously described.!” The amount of regular physical
activity was estimated from the validated questionnaire and
expressed in terms of metabolic equivalents per week. 202!

Ascertainment of Mortality

Deaths in the cohort that occurred between September 1992
and December 1999 were recorded.  After obtaining
permission from the Ministry of Internal Affairs and
Communication to review the data regarding deaths, each
cause of death was confirmed using the data from the Office
of the National Vital Statistics. The major endpoint of this
study was mortality from all causes, CVD, cancer, and causes
other than cancer and CVD. We further analyzed mortality
from several diseases that were frequently observed in the
cohort. The Statistics and Information Department of the
Japanese Ministry of Health and Welfare listed all the causes
of deaths, which were coded according to the International
Classification of Diseases, 10 Revision (ICD-10). Deaths
from cancer were classified as codes C00 through C97, and
deaths from CVD, as codes 100 through 199 and Q25 through

Q28.

Data Analysis

The age-adjusted mortality rates per 10000 person-years
classified according to the status of diabetes were separately
calculated for men and women by standardization to the rates
among subjects of the Takayama study by sex and by 10-year
age category. We compared the characteristics of the
participants with and without diabetes by using ¢ tests for
continuous variables and chi-square tests for categorical
variables.
logarithmically transformed for statistical testing in order to
approximately normalize its distribution. To assess the
magnitude of the association of diabetes with mortality from
each cause, a Cox proportional hazard model was applied to
estimate hazard ratios (HRs) with 95% confidence intervals
(CIs). To track the subjects who moved out of the study area,
we referred to the city residential registers, and these subjects
were counted as censored subjects. Age was included in the
model for adjustment since it is a potent risk factor for

The intake of each food and nutrient was
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diabetes, CVD, and cancer. We also considered a
multivariate model with adjustments for other factors that
were associated with diabetes: age; smoking status; body
mass index (BMI); physical activity; years of education;
history of hypertension; total energy intake; and intake of
vegetables, fat, and alcohol. The intake of each food and
nutrient in the model was adjusted for the total energy intake
by using the regression analysis proposed by Willett.>2 All
statistical analyses were performed using SAS (SAS Institute
Inc., Gary, NC).

RESULTS

At the baseline, 5.9% males and 2.7% females reported that
they had diabetes.
characteristics of the participants by the diabetes status in
both men and women. The subjects with diabetes were
significantly older, and their BMI was slightly but
significantly higher than that of non-diabetic subjects. The
subjects with diabetes were less physically active, more
frequently reported a history of hypertension, and their
caloric intake was significantly lower than the subjects
without diabetes.

During the follow up, 1163 deaths occurred in men over
91036.7 person-years, and 899 deaths occurred in women over
110123.1 person-years. Standardized mortality rates by the

Table 1 summarizes the baseline
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diabetes status and the HRs of mortality among men are
shown in Table 2. The risks of mortality from all causes and
from coronary heart disease (CHD) were significantly higher
among diabetic men than among non-diabetic men. Further
analysis of the disease-specific mortality by using multivariate
adjustment showed an increased risk of mortality from liver
cancer (HR: 4.30, 95% CI: 1.98-9.38) among diabetic men as
compared with that among non-diabetic men.

The standardized mortality rates by the status of diabetes
and the HRs of mortality among women are shown in Table 3.
The risks of mortality from all causes, cancer, and causes other
than cancer and CVD were significantly higher among
diabetic women than among non-diabetic women. The risks
of mortality from CHD and stroke, and the total CVD risk did
not differ between diabetic and non-diabetic women. Further
analysis of the mortality from several diseases by using
multivariate adjustment revealed a higher risk of mortality
from colorectal cancer (HR: 4.30, 95% CI: 1.78-10.41) among
diabetic women than among non-diabetic women. We
repeated the analysis after excluding women who reported the
current use of hormone replacement therapy, and the results
were essentially the same.

DISCUSSION
The current study suggests that self-reported diabetes

Table 1. Baseline characteristics of 13355 men and 15724 women by diabetes status in Takayama, Japan, 1992-1999

Men Women
Without Diabetes ~ With Diabetes = Two-sided Without Diabetes ~ With Diabetes  Two-sided
n = 12561 n=794 P value® n = 15301 n =423 P value®
Mean ( + standard deviation) Mean ( + standard deviation)
Age (y) 53.7 (12.1) 58.5 (11.0)  <0.01 54.9 (13.0) 63.1 (11.8)  <0.01
Body mass index (kg/m?) 225 (2.8) 23.0 (2.8) <0.01 22.0 (2.9) 22.4 (3.3) <0.01
Height (cm) 164.8 (6.8) 163.7 (6.8) <0.01 152.1 (6.4) 150.1 (6.1) <0.01
Physical activity (MET/week) 27.3 (41.7) 23.4 (38.3) 0.01 18.9 (29.8) 14.4 (23.1) <0.01
Total energy intake (kcal/d) 2610 (868) 2504 (872) <0.01 2115 (778) 1877 (708) <0.01
Total vegetable intake (g/d) 370.0 (258.6) 408.1 (287.3) <0.01 3934 (264.2) 4319 (288.7) 0.01
Total fat intake (g/d) 61.2 (28.6) 60.7 (27.8) 0.64 55.5 (26.6) 49.3 (25.0) <0.01
Total alcohol intake (g/d) 421 (41.4) 39.5 (43.2)  <0.01 7.8 (16.9) 43 (11.8)  <0.01
No. (%) No. (%)

Currently married 11380  (90.6) 713 (89.8) 0.46 11380 (74.4) 251 (59.3) <0.01
Education 12 years or more 5358 (42.7) 299 (37.7) 0.01 5151 (33.7) 85 (20.1) <0.01
Cigarette smoking status”

Never smoker 2051 (16.3) 127 (16.0)  <0.01 11328  (74.0) 296 (70.0) 0.04

Current smoker 6757 (53.8) 375 (47.2) 1800 (11.8) 52 (12.3)

Former smoker 3394 (27.0) 265 (33.4) 600 (3.9) 14 (3.3)
History of hypertension 2279 (18.1) 246 (31.0) <0.01 2605 (17.0) 124 (29.3)  <0.01
Aspirin use within the past 6 months 508 (4.0) 39 (4.9) 0.23 1,043 (6.8) 19 (4.5) 0.06
Post-menopausal women 8680 (56.7) 351 (83.0) <0.01
Current hormone replacement therapy use 239 (1.6) 10 (2.4) 0.19

* Do not add up to 100% because of missing data

T t test for continuous variables and chi-square test for categorical variables

J Epidemiol 2008; 18(5) 197-203



Self-reported Diabetes Mellitus and Risk of Mortality

200

[EAI3)UL SOUDPLIUOD ([ ‘UOISIADL ()] ‘SISBASI(] JO UONBOLISSE[D) [euoneuIdnU] :0[-qOI
[OYOd[& puUE JBJ ‘Sa[qe1a39A JO ¥eIul puk ‘aejul ASIou9 [10) ‘uoIsualddAy Jo A103s1y ‘s1eak ur uoneanpa jo YSud] (Aianoe eorsAyd g ‘smess Surjows a3k 10§ paysnlpy L
Apmys ewekeye] 2y Jo syuedronied d[eway oy) Jo ey} 0} pazipiepue)s A3V

. . . . . . . . aseas|p
yL'e 6c’L 60°C oL'e Ll 60C 8v'€9 12 012 Z6¢ JB|NISEACIPIED 10 JSOUED WO 10U SLesq
9le 9¢0 880 SLe 9¢'0 880 €0l S 907¢CL x4’ 820D-620 ‘69l aois

‘291 ‘¥91-09I
19°¢ 100 670 €L'e 4] 160 G8'e Z A% 4 ot gel-0cl asess|p peay Aleuoio)
0ce ¥8°0 9€’L oLe 180 LeL 65°9€ 8l 9¢'6¢C 60€ 661-00I 9Sess|p Jejnosenolpied
so'e 9L’l 88’ oL'e 6L1L z6'L 85°8¢ 8l 6lLcc See 162-000 Jsoue)
9z'c el Ll Lee ze’L LLL G9'/€L €9 9C'6. 9¢e8 syiesp IV
uH uH «Jeak-uosiad 00001 (u) «Jeak-uosiad 00001 (u)
19 %56 19 %56 J18d ajeu Ajjeop yieaq Jad ajeu Ajjepop yjeaq 0p03 01-00I WEsp 10 snen

JREIEANTIN

paisnlpe-aby

$8)ogeIp YIM USWOAA

$9J9geIP JNOYNM USLIOAA

Apnjs eweAeye] ayj ul uswom anagelp

-uou pue 213aqelp Buowe saijjelIoOW 8y} JO (SYH) SOkl piezey ay} pue Yjeap JO SISNeD [|e pue ‘S1adued ‘9seasip JejnoseAolpied wouy Ajijelow pajsnipe-aby ‘¢ ajqel

[AIO)UT 9OUSPLUOD ([ “UOISIAAL (] ‘SISEASI(T JO UONEILISSE[D) [BUONBUINU] :0[-TDI
[OYOo[& puR I} ‘S9[qeId3oA JO deIUl puR (axejul AF12Ud [B10) ‘uoIsudlIddAy Jo A103S1Y S18d4 Ul uoreonpa jo y3ud| ‘Ajanoe [earsAyd SNg ‘smels Sunjows oFe 10) pysnlpy L
Apmys ewekeye] 2y) Jo syuedionied oyew dy3 JO Jey) 0} pAZIpIepue)s OFy 4

. . . . . . . . aseasip
6L .0 so'L yASH) 690 16°0 0S°LS 15 98'61% 0cy JE[NOSEAOIPIED IO JOOUED WO} 10U SUIead
9/.'¢ 66°0 S9'L €L'¢C 66°0 y9'L L6'€C YA xa4" oclL 820D-G2D ‘69l ohs

‘291 ‘¥91-09I
0S'S 6G°L 96'C 19'G 99'L so'e 1€°81 €l 9e’g 14 gecl-ozl asess|p pesy Aleuoso)
€G'¢C o€’ 8L 6v'C T 611 0209 (374 €L'1E 19¢ 661-00I 9SESaSIp Je|ndseAoipled
18'1L ¥6°0 €e’l 0L'L 180 Lc'L [ASR] JAS veey €9¢ 162-000 Joued
9L Ll se’L €G'L ¥0'L 9C'L 2e99lL Ll €8'velL 0solL syiesp IV
uH uH «Jeak-uosiad 00001 (u) «Jeak-uosiad 00001 (u)
Jad ajes Ajepopy yieaQg Jad ajes Ajjepony yieaQg
1D %S6 1D %S6 9p0oJ 0L-aal uieap jo asned
(BleUBAIIN pajsnlpe-aby

sejeqelp yim usiy

So]ageIp INOYIM US|

Apnys eweAeye] ay} ul usw dpaqeIP

-uou pue o13aqelp Buowe saijijeliow 9y} Jo (SYH) Soljed piezey ay} pue Yjeap Jo Sasned [je pue ‘siadued ‘aseasip JejnoseAolpied wouy Ajijepow pajsnipe-aby g ajqel

J Epidemiol 2008; 18(5) 197-203



Oba S, et al. 201

increases the risk of mortality from all causes in men and
women, from CVD in men, and from cancer in women. The
results partially contradict those of previous studies
conducted mainly in Western countries, which repeatedly
reported that diabetic women have a higher risk of CVD and
that they lose their advantages over men regarding CcvD. 423
30 1t was reported in a review of previously conducted
epidemiological studies that the age-adjusted mortality rates
for CHD were 2 to 3 times higher among diabetic men and 3
to 7 times higher among diabetic women in population-based
studies.?’ However, since 1996, 4 meta-analyses were
conducted on the topic of the higher risk of CHD among
women than among men, and the results were rather
contradictory: Three studies concluded that compared with
men, women with diabetes were at increased risk of mortality
from CHD, and 1 study found no difference between men and
Women.3’4’31’32

A previous study in Japan compared data from patients
with diabetes and population statistics and showed that the
risk of heart disease among diabetic women did not exceed
that among diabetic men. The ratio of the observed number
of deaths from heart disease among diabetic patients to the
number expected on the basis of population statistics was
1.93 (P < 0.01) in men and 1.58 (not significant) in women.%
A study that assessed the association between random blood
glucose levels and the risk of ischemic stroke also did not
show a distinct difference in the risk between diabetic men
and women; the relative risk was 1.8 (95% CI 1.0-3.2) for
men and 2.2 (95% CI 1.2-4.0) for women.>> These 2 studies
were not included in the above meta-analyses; they might not
meet the inclusion criteria because of their study design or
because the participants were not selected from the general
population. Other prospective cohort studies in Japan did not
assess the relationship between diabetes and the risk of
mortality for men and women separately; instead, sex was
adjusted in the model, presumably because of the limited
number of participants or because the studies were not
originally concerned about the sex differences in the
magnitude of risk.”"?

The previously reported higher risk of CVD among women
with diabetes relative to that among men with diabetes might
be due to obesity, since obesity has been observed to be more
prevalent among diabetic women than diabetic men in several
studies conducted in the US.3%3433 In our cohort, the mean
BMI among women with diabetes (22.0 kg/mz) was nearly
equal to the mean BMI among women without diabetes (22.4
kg/m?), but the difference between the two was nevertheless
statistically significant. We considered the possibility that
women with lower BMIs were more likely to report diabetes.
Consistent with the findings of the current study, the findings
of previous studies showed that the BMIs of people with
diabetes were similar to those of the general population in
Japan.36 The average BMI was 23.1 kg/m2 among male and
female participants with diabetes in the Japan Diabetes

Complications Study,>’ while the average BMI among a
similar age group in the general Japanese population ranged
between 22.90-23.70 kg/mz.38 The smoking status may also
have
mortality from CVD among women since it had been
previously reported that cigarette smoking increased the risk
of CVD mortality among women with diabetes.>® However,
only about 15% of women were current or former smokers in
our study. Our stratified analysis by smoking status failed to
show any differences of the risks between the stratum with
regard to the mortality from CVD among diabetic women
compared to that among non-diabetic women (data not
shown). Nonetheless, we cannot eliminate the possibility that
as compared to men, women in the current study had less
severe diabetes, and that this was responsible for the smaller
risk of CVD observed among women. Information on the
severity of diabetes was unavailable in the current study.

In the current study, diabetic women had increased risk of
mortality from cancer. This may be partly attributable to the
increased risk of colon and colorectal cancer observed among
diabetic women. In contrast, an association between diabetes
and mortality from cancer was not found among men. The
results of a previous prospective cohort study that assessed
the risk of mortality from colon/colorectal cancer were
inconsistent in terms of variation by sex. 11,4041

The risk of mortality from causes other than CVD and
cancer was higher among diabetic women than among non-
diabetic women. Of the causes of mortality other than cancer
and CVD, diabetes was the most frequently observed among
diabetic women. A total of 12 diabetic women died as a
result of diabetes (ICD-10 codes: E10-E14), and the age-
standardized mortality rate from all causes other than cancer
and CVD was 27.27 per 10000 person-years, which was
relatively higher than the equivalent rate among diabetic men,
14.06 per 10000 person-years. Further detailed information
on mortality was not available; however, mortality as a result
of diabetes may be caused by acute complications, and we
speculate that this might have overtaken the mortality from
CVD.

The current study has several advantages. The study was
conducted in a community-based cohort selected from the
general Japanese population, and the participation rate was
relatively high. Mortality within the cohort was prospectively
followed up, and deaths from all causes were confirmed using
the data from the Ministry. Potential multiple confounders of
the association between the status of diabetes and mortality
were adjusted for the analysis.

Nevertheless, the current study has several limitations.
The diagnosis of diabetes was reported in a questionnaire, and
the validity and reliability of the report was undetermined.
Fortunately, the positive predictive value for self-reported
diabetes among Japanese subjects in a previous study was
high (82%), and substantial agreement was found between the
diabetic patients identified using questionnaires and those

influenced the association between diabetes and
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identified using confirmed medical records.*? Nevertheless,
it is possible that a certain proportion of men and women who
had diabetes did not report it in the current study. A study
conducted by the Japanese Ministry of Health, Labour and
Welfare estimated that the prevalence of diabetes among
Japanese people who were 50 years or older was more than
14.2% in men and more than 7.1% in women in 1997. These
values are considerably higher than those estimated at the
baseline of the current study for both men and women,
although in the study by the Health Ministry, the estimations
were made using the hemoglobin Alc test, and this study was
conducted 5 years after the initiation of the current study.*
Such underreporting could introduce bias in the estimation of
the association between diabetes and mortality. Despite the
limitations of self-reported diabetes, as in the current study,
several previous large-scale epidemiological studies among
the general population used self-reported diabetes to assess its
association with the risk of cancer or other conditions.'>*?
Further, some other studies assessed this association and did
not use the oral glucose test or medical record review to
validate self-reported diabetes.!#44¢ Such misclassification,
caused by the underestimation of the true prevalence of
diabetes, would bias the analysis of the association toward the
null when true association exists, and thereby attenuate the
association. Furthermore, information on diabetes was only
available at the baseline, and diabetes that may have
developed during the follow-up period was not considered.
Data on hyperlipidemia, a traditional risk factor of CVD,
were not available in our study. In a recent report from the
Asia Pacific Cohort Studies Collaboration,47 the mean total
cholesterol level was 5.34 mmol/L in people with diabetes
and 5.11 mmol/L in people without diabetes, and these levels
are relatively similar. The risk of CHD increased both for
persons with diabetes and for persons without diabetes; an
approximately 2-fold increase was observed when the highest
fourth of the total cholesterol (approximately 6.3 mmol/L)
was compared to the lowest fourth (approximately 4.5 mmol/
L).47 Considering the 3-fold increase in the risk of mortality
from CHD in men with diabetes observed in the current study,
the positive association would not be negated even after
taking the effect of total cholesterol into account. Moreover,
the size of the cohort may not have been sufficiently large to
assess the risk of mortality, especially considering the
mortality from some diseases with relatively low mortality
rates.

Despite the limitations, the current study provides valuable
information regarding the risk of mortality among diabetic
men and women. For both men and women, an increased risk
of mortality from all causes was suggested. Among men with
self-reported diabetes, an increased risk of death from CVD
was observed, and among women with self-reported diabetes,
an increased risk of death from cancer was observed. The
observed variation in the risk by sex was not fully explained
in the current study, but with further investigation, a distinct

J Epidemiol 2008; 18(5) 197-203

pattern of the risk of mortality among people with diabetes in
the Japanese population may emerge.
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