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Abstract

Objective

To examine the impact of diabetes on premature death for Japanese general people

Design

Prospective cohort study

Setting

The Japan Public Health Center-based prospective Study (JPHC Study), data collected

between 1990 and 2010.

Population

A total of 46,017 men and 53,567 women, aged 40 to 69 years at the beginning of baseline

survey

Main outcome measures

Overall and cause specific mortality. Cox proportional hazards models were used to calculate

the relative risks of all cause and cause specific mortality associated with diabetes.

Results

The median follow-up period was 17.8 years. During the follow-up period, 8,223 men and

4,640 women have died. Diabetes increased the risk of death (856 men and 345 women)

[hazard ratio (HR) 1.60, (95% confidence interval (95%CI) 1.49-1.71) for men and 1.98

(95%CI, 1.77-2.21) for women]. As for the cause of death, diabetes increased the risk of death

by circulatory diseases [HR 1.76 (95%CI 1.53-2.02) for men and 2.49 (95%CI 2.06-3.01) for
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women) while its impact on the risk of cancer death was moderate [HR 1.25 (95%CI

1.11-1.42) for men and 1.04 (95%CI 0.82-1.32) for women]. Diabetes also increased the risk

of death for “non-cancer, non-circulatory system disease” [HR 1.91 (95%CI 1.71-2.14) for

men and 2.67 (95%CI 2.25-3.17) for women].

Conclusions

Diabetes increased the risk of death, especially the risk of death by circulatory diseases.

Keywords

diabetes mellitus, mortality

List of acronyms and abbreviations

BMI, Body Mass Index

ERFC, Emerging Risk Factors Collabolation

JPHC study, The Japan Public Health Center-based prospective Study
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Strengths and limitations of this study

= A large scale population-based prospective study, the study population was defined as all

registered Japanese inhabitants in the 11 public health center areas, was conducted.

= In Japan, the registration of deaths is required by the Family Registration Law and is

believed to be complete.

» The assessment of diabetes mellitus was based on a self-report. Although the sensitivity and

specificity of diagnosed diabetes were reported to be high, the assessment of diabetes by

self-report is most likely an underestimate.

= The association between mortality and glycemia was not examined because data about

glycemia were not available for the entire population,

INTRODUCTION

Today, Japanese people, especially Japanese women, are one of the people who live longest in

the world[1]. On the other hand, the prevalence of type 2 diabetes has increased over the past

few decades in Japan and the total number of diabetic patients is estimated to have risen from

7.4 million in 2002 to 9.5 million in 2012[2]. Diabetes is an important cause of mortality and
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morbidity and there are many literatures about diabetes and mortality. However, most of these

literatures were focused on the Western people and the impact of diabetes on premature death

among Japanese people was not well examined. Several genetic and environmental

differences as well as causes of death between Japanese and Western people exist and in the

present study we examined the impact of diagnosed diabetes on premature death for Japanese

general people in a large scale population based cohort study.

METHODS

The Japan Public Health Centre-based prospective Study (JPHC Study) consists of two cohort,

Cohort I and Cohort II that comprise five and six prefectural public health center areas,

respectively. The study population was defined as all registered Japanese inhabitants in the 11

public health center areas, aged 40 to 69 years at the beginning of each baseline survey, that is,

in 1990 for Cohort I and in 1993 for Cohort II. Details of the study design have been

described elsewhere[3]. The study protocol was approved by the institutional review board of

the National Cancer Center.

Initially, 140,420 subjects were identified as the study population. Subjects with non-Japanese

nationality, duplicate enrollment, late report of emigration occurring before the start of

follow-up or ineligibility because of incorrect birth date (n=260) were excluded.
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Questionnaire

At the baseline survey, each participant completed a self-administered questionnaire that

included questions about various lifestyle factors; such as medical history of major diseases,

smoking and alcohol drinking status, height and weight and leisure-time physical activity. A

similar survey was conducted at 5- and 10-years after the baseline survey.

At baseline, a total of 113,402 subjects responded to the questionnaire (response rate 80.9%).

Subjects whose follow up period was not determined were excluded from further analysis

(n=90). Subjects with any of the following conditions at baseline: cardiovascular disease,

chronic liver disease, kidney disease and any type of cancer, were also excluded (n=8,049).

Subjects who had missing baseline data for any of the exposure parameters described below

(in Statistical Analysis) (n=5,049) or subjects with a body mass index (calculated as weight in

kilograms divided by the square of height in meters) of less than 14 or more than 40

(n=1,363) were also excluded, because body mass index less than 14 or more than 40 in

Japanese implies potentially unreliable data. After the above exclusions, the remaining cohort

consisted of 99,584 subjects (46,017 men and 53,567 women).

Assessment of diabetes

We defined the subject as having diagnosed diabetes if he or she answered ‘yes’ to the

question ‘Has a doctor ever told you that you have diabetes?’ or ‘Do you take any
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anti-diabetic drugs?’. The sensitivity and specificity of diagnosed diabetes was reported as

82.9% and 99.7%, respectively[4].

Follow-up

Subjects were followed from the baseline survey up to December 31, 2010. All death

certificates were forwarded centrally to the Ministry of Health, Welfare and Labor and coded

for the National Vital Statistics. In Japan, the registration of deaths is required by the Family

Registration Law and is believed to be complete. The underlying cause of death was

determined by death certificates and was coded according to the tenth revision of the

International Classification of Disease (ICD-10).

Statistical Analysis

Person-years of follow-up were counted from the date of the baseline survey until one of the

following endpoints: the date of emigration from Japan, the date of death, or the end of the

study period (December 31, 2010), whichever comes first. Age-standardized mortality rate

was calculated using 5-year age category. The impact of diabetes on premature death was

estimated as hazard ratios using Cox’s proportional hazards model with age as the time

scale[5]. We adjusted potential confounding factors: body mass index (categorized as 14-18.4,

18.5-24.9, 25-29.9, and 30-40), alcohol intake (categorized by weekly ethanol intake as
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non-drinker, 1-149g/week, 150-299g/week, 300-449g/week and 2450g/week for men and the

last two categories were combined into a category 2300g/week for women), smoking status

(categorized as never smoker, past smoker, current smoker at < 20 and > 20 cigarettes per

day), leisure-time physical activity (dichotomized as participate in sports at least once a week

or not) and history of hypertension. The public health center areas were included in the

analysis as strata. Effect of birth cohort was also examined by including birth cohort (birth

year of 1920-1929, 1930-1939, and 1940-). Difference of the impact of diabetes on mortality

by diagnosed period was also examined by including information about diagnosis of diabetes

at 5 and 10 year survey for subjects who responded to 5 and/or 10 year survey, that is,

subjects were classified into four groups according to the period of diagnosis of diabetes:

diagnosed before baseline, diagnosed between baseline and 5 year survey, diagnosed between

5 and 10 year survey, never diagnosed. Person-years of follow-up of subjects diagnosed

between baseline and 5 year survey and diagnosed between 5 and 10 year survey were

counted from five and ten years after the baseline survey, respectively.

Hazard ratios were calculated for death from all cause, circulatory system diseases (ICDI10,

100-199), all cancer (ICD10, C00-C97) and site-specific cancer if there were 5 or more cases

in subjects with diabetes. Deaths from other than circulatory system disease or cancer were

grouped as “non-cancer, non-circulatory system disease” and the hazard ratio for this group

was also calculated. The proportional hazards assumption was checked graphically and by
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using Schoenfeld residuals.

All analyses were performed separately for men and women.

RESULTS

The median follow-up period was 17.8 years both for men and women. During the follow-up

period, 8,223 men and 4,640 women have died. The baseline characteristics of the study

subjects are shown in Table 1. At baseline, 6.0% of men and 2.8% of women had diagnosed

diabetes. Among men, age, proportion of subjects with leisure-time physical activity and

history of hypertension were higher among subjects with diabetes. Among women, age, the

body mass index, proportion of subjects with leisure-time physical activity and history of

hypertension were higher among subjects with diabetes.

Among men without diabetes, 1,744 subjects died from circulatory system disease, 3,093

subjects died from cancer and 2,530 subjects died from other causes, while among men with

diabetes, these numbers were 230, 283 and 343, respectively. Among women without diabetes,

1,084 subjects died from circulatory system disease, 1,841 subjects died from cancer and

1,370 subjects died from other causes, while among women with diabetes, these numbers

were 123, 71 and 151, respectively.

Hazard ratios for major causes of death were shown in Table 2. As shown in Table 2, diabetes

increased the risk of death both for men and women. The hazard ratio was high for circulatory

10
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system disease (ischemic heart disease and cerebrovascular disease) among men and

especially high for ischemic heart disease and cerebral infarction among women. The impact

of diabetes on the risk of death from cancer was moderate and the hazard ratios were not high

except some types of cancer (liver cancer both among men and women and pancreas, kidney

and bladder cancer among men), while death from “multiple myeloma and malignant plasma

cell neoplasms” in men and “malignant neoplasm of breast” in women was markedly lower

among subjects with diabetes (46/0 cases for multiple myeloma and 135/1 cases for neoplasm

of breast). Diabetes also increased the risk of death for “non-cancer, non-circulatory system

disease”. These results were almost unchanged when the deaths during the first five years

were excluded. The major causes of death for “non-cancer, non-circulatory system disease”

among subjects with diabetes were “unspecified diabetes mellitus” (E14) (men 17.8%,

women 22.5%), “pneumonia, organism unspecified” (J18) (men 13.7%, women 13.9%) and

“unknown causes” (men 6.4%, women 10.6%).

The hazard ratio of diabetes on mortality was larger among subjects with diabetes diagnosed

before baseline than among subjects diagnosed after baseline (Table 3). Differences of hazard

ratios between subjects diagnosed between baseline and 5 year survey and subjects diagnosed

between 5 and 10 year survey were not clear.

No significant interaction was observed between adjustment factors and the results were

essentially unchanged by including the effect of birth cohort. We found no violation of

11
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proportionality assumption. However, although it was not confirmed statistically, there was a

tendency that the hazard ratio of diabetes for death decreased as age increased. (Figure 1)

DISCUSSION

In this population-based prospective study of middle-aged Japanese, we observed the

increased risk of death for subjects with diabetes. As for the cause of death, diabetes increased

the risk of death by circulatory system diseases and “non-cancer, non-circulatory system

disease”, while the impact of diabetes on the risk of death from cancer was moderate.

There are many literatures about diabetes and mortality and substantial numbers of these

results were combined into the ERFC (Emerging Risk Factors Collabolation)[6]. In ERFC,

the hazard ratios among subjects with diabetes compared with subjects without diabetes were

reported as 1.80 for all cause mortality, 1.25 for death from cancer, 2.32 for death from

vascular causes and 1.73 for death from other causes.

Results of another large prospective cohort study of one million U.S. adults (CPS-II) was also

published[7]. In the study, relative risk of all-cause mortality was 1.73 for men and 1.90 for

women and that of cancer death was 1.07 for men and 1.11 for women and that of

cardiovascular system death was 1.92 for men and 2.09 for women.

Recently published meta-analysis also reported increased mortality among diabetic subjects

12
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and the relative risk for all-cause mortality was 1.57 for men and 2.00 for women and that of

cardiovascular mortality was 1.76[8].

Although the results were almost similar, there is a difference of major causes of death

between our study and these studies. In the present study, 41% and 25% of all deaths were

caused by cancer and circulatory system disease, respectively, while these numbers were 34%

and 36% in the ERFC and 15% and 50% in the CPS-II, respectively. This tendency that

Japanese die from cancer more than from circulatory system disease and that this is opposite

for western people (although ERFC was a collation of over 100 prospective studies, about

90% of the subjects were from North America or Europe), is also observed in the world

statistics[9]. As discussed above, diabetes increases the risk of death by circulatory system

disease more than death by cancer. This may seem as if the impact of diabetes on mortality is

large in a population among which the major cause of death was circulatory system disease,

that is, the impact of diabetes on mortality is larger among western people than Japanese.

However, this is not true because the non-vascular, non-cancer death plays an unignorable

part of death.

Our results were also almost consistent with the Japanese large scale cohort study (Takayama

study)[10]. The most remarkable difference between the Takayama study and the present

study was the risk of death by coronary heart disease among women. In the Takayama study,

the risk of death by coronary heart disease among women were lower in subjects with

13
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diabetes than subjects without diabetes (hazard ratio 0.49, 95% confidence interval 0.07-3.57).

As shown in the wide confidence interval, this difference may come from the very low

number of cases (only two cases) of coronary heart disease death among women with diabetes.

The collaborate study in Asia[11] and meta-analysis including this collaborate study[12] and

its update[ 13] reported the increased risk of coronary heart disease among diabetic women

and our results were consistent with these reports. Our study revealed that the effect of

diabetes on the risk of cardiovascular death was greater among women than among men. This

is also consistent with the above mentioned meta-analysis[12,13]. Although several possible

explanations, such as 1) a heavier burden of cardiovascular risk factors, 2) a major impact of

some cardiovascular risk factors and/or diabetes per se on cardiovascular disease, 3)

differences in the structure and function of heart and vessels, and 4) disparities in medical

treatment as well as gender differences in treatment response, are postulated, the underlying

mechanism of this sex difference in the impact of diabetes on cardiovascular disease is not

elucidated well[14].

As for the death from cancer, our results were almost consistent with the report about the

incidence of cancer in the same JPHC study[15]. In the case of incidence, diabetes moderately

increased the risk of all cancer and the risk was especially high for cancer of the liver,

pancreas and kidney among men and for cancer of the stomach, liver and ovary among

women. In the present study, a similar tendency was observed among men, however the

14
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number of death from cancer was small among women and the increased mortality risk

associated with diabetes was observed only in liver cancer.

We found that the impact of diabetes on mortality was stronger among subjects diagnosed

before baseline than among subjects diagnosed after baseline. This result suggests that the

effect of diabetes on mortality becomes stronger as duration of diabetes becomes longer.

We also found, although not confirmed statistically, that the hazard ratio of diabetes for death

decreased as age increased. The similar phenomenon was observed in the ERFC. The reason

is unclear. However, one possible explanation is that diabetic patients who lived long

managed their diabetes relatively well. Another possible explanation is that the diabetic

patients with older age included more recently developed diabetes because the risk of diabetes

increases as age increases and, as stated above, the impact of diabetes on mortality was

relatively lower in newly developed diabetes.

The strength of our study was the large number of subjects. The number of subjects was about

3.4 times that of the Takayama study. Another strength of the present study was that it was

based on the general population in Japan. Although this study was conducted on subjects who

responded the baseline questionnaire, we believe that the high response rate (80.9%) makes it

possible to assess the association between diabetes and mortality in the general population.

There are several methodological limitations in the present study. The assessment of diabetes

mellitus was based on a self-report. Although the sensitivity (82.6%) and specificity (99.7%)

15
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of diagnosed diabetes were reported to be high, the proportion of subjects with diabetes at

baseline (6.0% for men and 2.8% for women) was low compared with the estimates in the

same period (9.9-13.1% for men and 9.1-11.5% for women)[16]. The assessment of diabetes

by self-report, therefore, is most likely an underestimate and our results may have been

distorted toward null by this misclassification. However, in the above mentioned

meta-analysis, sensitivity analyses were performed and no difference was found in the ratio of

the relative risks for diabetes between the method of diabetes diagnosis (self-report versus

glucose measured)[12]. Previous studies have revealed the association between mortality and

glycemia in diabetic patients[17] and this association holds even in the non-diabetic range of

glycemia[18,7]. Since we have no data about glycemia, we could not assess the association

between mortality and glycemia in the present study.

Despite these limitations, our present study revealed the association between diabetes and

mortality in the Japanese general population. Recent increase in diabetes patients will

influence the longevity of Japanese people in the future and we believe that our study would

provide useful information both for further research and treatment of diabetes.
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1

2

3 . . . . . .

4 Table 1 Baseline characteristics according to diagnosed diabetes

5

6 Men (n=46,017) Women (n=53,567)

; DM(-) (n=43,256) DM(+) (n=2,761) DM(-) (n=52,042) DM(+) (n=1,525)
9 Age 50 (44-56) 53 (49-59) 50  (44-57) 56 (50-62)
i‘i BMI 235 (2.8) 237 (3.0 23.3 (3.1 24.4 (3.6)
12 Smoking

ﬁ Never 10,175  (23.5) 577 (20.9) 47347  (91.0) 1,363 (89.4)
15  Past 10,106  (23.4) 713 (25.8) 942 (1.8) 45 (3.0)
16 Current (<20 cigarettes/day) 5913 (13.7) 398 (14.4) 2,422 4.7) 64 4.2)
17

1g  Current (220 cigarettes/day) 17,062  (39.4) 1,073  (38.9) 1,331 (2.6) 53 (3.5)
19 Alcohol

32 Non drinker 13,248  (30.6) 944  (34.2) 44844  (86.2) 1,386 (90.9)
22 1-150 g/week 9,667 (22.4) 575 (20.8) 5,609 (10.8) 103 (6.8)
gi 150-300 g/week 9,032 (20.9) 511 (18.5) 996 (1.9) 16 (1.0)
25 300-450 g/week

26 5325  (123) 273 (9.9) 593 (1.1 20 (1.3)
o7 (2300 week for women)

28 2450 g/week 5984  (13.8) 458  (16.6)

gg Physical activity (active) 8,188  (18.9) 682  (24.7) 9,629  (18.5) 381 (25.0)
31 Hypertension (+) 7218  (16.7) 795  (28.8) 8,145  (15.7) 545 (35.7)
32

33

34

35

36

37

38

39

40

41

42

43

44

45
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Table 2 Mortality according to diagnosed diabetes
DM(-) DM(+) excluding cases during
Men (n=43.256) (n=2,761) HR first 5-years
cases rate™ cases rate™ crude multivariate-adjusted™ multivariate-adjusted® HR
All-cause 7,367 98.0 856 163.9 1.65 (1.54-1.77) 1.60 (1.49-1.71) 1.59 (1.47-1.71)
All circulatory system diseases (ICD10:100-199) 1,744 23.2 230 43.6 1.88 (1.63-2.15) 1.76 (1.53-2.02) 1.79 (1.54-2.09)
Ischemic heart disease (ICD10:120-125) 434 5.8 76 14.2 2.47 (1.93-3.15) 2.30 (1.80-2.95) 2.32 (1.78-3.03)
Cerebrovascular disease (ICD10:160-169) 705 9.4 88 16.7 1.78 (1.43-2.23) 1.68 (1.34-2.10) 1.75 (1.37-2.23)
Cerebral infarction (ICD10:163) 176 23 27 49 2.07 (1.38-3.11) 1.87 (1.24-2.82) 1.76 (1.09-2.82)
Intracerebral haemorrhage (ICD10:161) 227 3.0 27 5.6 1.86 (1.25-2.78) 1.73 (1.16-2.59) 2.00 (1.30-3.07)
All-cancer (ICD10:C00-C97) 3,093 41.2 283 53.6 1.28 (1.13-1.45) 1.25 (1.11-1.42) 1.22 (1.06-1.39)
All sites excluding the liver 2,850 37.9 244 46.0 1.20 (1.05-1.37) 1.18 (1.03-1.34) 1.16 (1.00-1.34)
All sites excluding the liver and pancreas 2,652 353 216 40.5 1.14 (0.99-1.31) 1.12 (0.97-1.29) 1.11 (0.95-1.29)
Esophagus (ICD10:C15) 171 23 16 3.0 1.35 (0.80-2.25) 1.31 (0.78-2.20) 1.01 (0.53-1.93)
Stomach (ICD10:C16) 543 7.2 37 7.2 0.95 (0.68-1.32) 0.92 (0.66-1.29) 0.73 (0.49-1.11)
Colon (ICD10:C18) 172 2.3 19 3.6 1.62 (1.01-2.61) 1.61 (1.00-2.60) 1.73 (1.04-2.87)
Rectum (ICD10:C19-C21) 146 1.9 12 2.3 1.20 (0.66-2.16) 1.17 (0.65-2.12) 1.29 (0.67-2.47)
Liver (ICD10:C22) 243 32 39 7.6 2.20 (1.57-3.10) 2.12 (1.50-2.98) 1.89 (1.27-2.80)
Bile duct (ICD10:C23-C24) 133 1.8 17 3.1 1.78 (1.07-2.96) 1.76 (1.06-2.92) 1.68 (0.96-2.94)
Pancreas (ICD10:C25) 198 2.6 28 5.4 1.98 (1.33-2.95) 1.95 (1.31-2.91) 1.80 (1.15-2.81)
Lung (ICD10:C33-C34) 778 10.4 49 9.1 0.85 (0.64-1.14) 0.84 (0.63-1.13) 0.87 (0.64-1.19)
Kidney (ICD10:C64-C66, C68) 51 0.7 10 2.1 2.75 (1.39-5.43) 2.50 (1.26-4.98) 2.32 (1.09-4.98)
Bladder (ICD10:C67) 39 0.5 10 1.8 3.38 (1.68-6.81) 3.29 (1.63-6.65) 3.63 (1.78-7.39)
Prostate (ICD10:C61) 107 1.4 10 1.7 1.29 (0.67-2.47) 1.24 (0.65-2.39) 1.31 (0.68-2.53)
Non-cancer, non-circulatory system disease 2,530 33.6 343 66.7 1.96 (1.75-2.19) 1.91 (1.71-2.14) 1.90 (1.67-2.15)
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1

2

2 Women DM(-) DM(+) HR excluding cases during
5 (n=52,042) (n=1,525) first 5-years

6 cases rate* cases rate* crude multivariate-adjusted* multivariate-adjusted* HR
7 All-cause 4,295 45.9 345 102.3 2.11 (1.89-2.35) 1.98 (1.77-2.21) 2.02 (1.79-2.28)
8  All circulatory system diseases (ICD10:100-199) 1,084 11.6 123 36.6 2.82 (2.33-3.40) 2.49 (2.06-3.01) 2.56 (2.09-3.13)
9 Ischemic heart disease (ICD10:120-125) 196 2.1 42 13.4 5.10 (3.64-7.13) 4.52 (3.21-6.37) 4.56 (3.17-6.57)
12 Cerebrovascular disease (ICD10:160-169) 479 5.1 38 11.3 2.08 (1.49-2.90) 1.72 (1.23-2.40) 1.72 (1.19-2.47)
12 Cerebral infarction (ICD10:163) 98 1.1 18 5.5 4.31 (2.60-7.15) 3.43 (2.05-5.74) 3.61 (2.12-6.15)
13 Intracerebral haemorrhage (ICD10:161) 136 1.5 9 3.2 1.93 (0.98-3.81) 1.64 (0.83-3.24) 1.71 (0.83-3.54)
14 Allcancer (ICD10:C00-C97) 1,841 19.6 71 22.6 1.08 (0.85-1.37) 1.04 (0.82-1.32) 1.05 (0.81-1.36)
15 All sites excluding the liver 1,730 18.4 61 19.9 1.00 (0.77-1.29) 0.96 (0.74-1.24) 0.93 (0.70-1.24)
16 All sites excluding the liver and pancreas 1,540 16.4 52 17.3 0.97 (0.73-1.27) 0.93 (0.71-1.23) 0.90 (0.66-1.23)
17 Stomach (ICD10:C16) 224 2.4 8 3.4 1.05 (0.52-2.13) 1.10 (0.54-2.24) 1.21 (0.57-2.60)
ig Colon (ICD10:C18) 160 1.7 5 1.7 0.84 (0.35-2.06) 0.81 (0.33-2.00) 0.79 (0.29-2.15)
20 Liver (ICD10:C22) 111 1.2 10 2.6 2.30 (1.20-4.40) 2.21 (1.15-4.27) 2.66 (1.37-5.17)
21 Pancreas (ICD10:C25) 190 2 9 2.6 1.22 (0.62-2.39) 1.10 (0.56-2.16) 1.17 (0.57-2.39)
22 Lung (ICD10:C33-C34) 228 2.4 8 2.1 1.00 (0.49-2.02) 0.95 (0.47-2.40) 0.95 (0.35-2.61)
23 Non-cancer, non-circulatory system disease 1,370 14.7 151 43.2 2.79 (2.35-3.30) 2.67 (2.25-3.17) 2.66 (2.22-3.19)

25 rate*: per 10,000 person-years (age-standardized)

26 multivariate-adjusted*: adjsuted for BMI (<18, 18-20.9, 21-22.9, 23-24.9, 25-26.9, >27), alcohol intake(non-drinker, <150, 150-299, 300-450, >450 g/week (women, >300 g/week)),

2g smoking (never, past, <20, >20 cigarettes /day), history of hypertension, leisure-time physical activity. Stratified by area.
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Table 3 Difference of the impact of diabetes by diagnosed period (All-cause mortality)

Men Women
Diagnosed Period n cases adjusted HR* n cases adjusted HR*
Never 41,036 6,975 1 50,555 4,106 1
Before baseline 2,761 856 1.59 (1.48-1.71) 1,525 345 2.00 (1.79-2.23)
Between baseline and 5 year survey 1,341 254 1.20 (1.05-1.36) 861 123 1.55 (1.29-1.86)
Between 5 and 10 year survey 879 138 1.22 (1.03-1.44) 626 66 1.45 (1.14-1.86)

adjusted HR*: adjsuted for BMI (<18, 18-20.9, 21-22.9, 23-24.9, 25-26.9, >27), alcohol intake(non-drinker, <150, 150-299, 300-450, >450 g/week (women, >300 g/week)), smoking

(never, past, <20, >20 cigarettes /day), history of hypertension, leisure-time physical activity. Stratified by area.
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Figure 1 Changes of hazard ratio of diabetes according to age (all-cause mortality)
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Appendix:

Members of the Japan Public Health Center-based Prospective Study (JPHC Study, principal

investigator: S. Tsugane) Group are: S. Tsugane, N. Sawada, M. Iwasaki, S. Sasazuki, T.

Yamaji, T. Shimazu and T. Hanaoka, National Cancer Center, Tokyo; J. Ogata, S. Baba, T.

Mannami, A. Okayama, and Y. Kokubo, National Cerebral and

Cardiovascular Center, Osaka; K. Miyakawa, F. Saito, A. Koizumi, Y. Sano, I. Hashimoto, T.

Ikuta, Y. Tanaba, H. Sato, Y. Roppongi, and T. Takashima, Iwate Prefectural Ninohe Public

Health Center, Iwate; Y. Miyajima, N. Suzuki, S. Nagasawa, Y. Furusugi, N. Nagai, Y. Ito, S.

Komatsu and T. Minamizono, Akita Prefectural Yokote Public Health Center, Akita; H.

Sanada, Y. Hatayama, F. Kobayashi, H. Uchino, Y. Shirai, T. Kondo, R. Sasaki, Y. Watanabe,

Y. Miyagawa, Y. Kobayashi, M. Machida, K. Kobayashi and M. Tsukada, Nagano

Prefectural Saku Public Health Center, Nagano; Y. Kishimoto, E. Takara, T. Fukuyama, M.

Kinjo, M. Irei, and H. Sakiyama, Okinawa Prefectural Chubu Public Health Center, Okinawa;

K. Imoto, H. Yazawa, T. Seo, A. Seiko, F. Ito, F. Shoji and R. Saito, Katsushika Public

Health Center, Tokyo; A. Murata, K. Minato, K. Motegi, T. Fujieda and S. Yamato, Ibaraki

Prefectural Mito Public Health Center, Ibaraki; K. Matsui, T. Abe, M. Katagiri, M. Suzuki, K.

and Matsui, Niigata Prefectural Kashiwazaki and Nagaoka Public Health Center, Niigata; M.

Doi, A. Terao, Y. Ishikawa, and T. Tagami, Kochi Prefectural Chuo-higashi Public Health

Center, Kochi; H. Sueta, H. Doi, M. Urata, N. Okamoto, and F. Ide and H. Goto, Nagasaki
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Prefectural Kamigoto Public Health Center, Nagasaki; H. Sakiyama, N. Onga, H. Takaesu, M.

Uehara, T. Nakasone and M. Yamakawa, Okinawa Prefectural Miyako Public Health Center,

Okinawa; F. Horii, I. Asano, H. Yamaguchi, K. Aoki, S. Maruyama, M. Ichii, and M. Takano,

Osaka Prefectural Suita Public Health Center, Osaka; Y. Tsubono, Tohoku University,

Miyagi; K. Suzuki, Research Institute for Brain and Blood Vessels Akita, Akita; Y. Honda, K.

Yamagishi, S. Sakurai and N. Tsuchiya, University of Tsukuba, Ibaraki; M. Kabuto, National

Institute for Environmental Studies, Ibaraki; M. Yamaguchi, Y. Matsumura, S. Sasaki, and S.

Watanabe, National Institute of Health and Nutrition, Tokyo; M. Akabane, Tokyo University

of Agriculture, Tokyo; T. Kadowaki and M. Inoue, The University of Tokyo, Tokyo; M.

Noda and T. Mizoue, National Center for Global Health and Medicine, Tokyo; Y. Kawaguchi,

Tokyo Medical and Dental University, Tokyo; Y. Takashima and Y. Yoshida, Kyorin

University, Tokyo; K. Nakamura and R. Takachi, Niigata University, Niigata; J. Ishihara,

Sagami Women’s University, Kanagawa; S. Matsushima and S. Natsukawa, Saku General

Hospital, Nagano; H. Shimizu, Sakihae Institute, Gifu; H. Sugimura, Hamamatsu University

School of Medicine, Shizuoka; S. Tominaga, Aichi Cancer Center, Aichi; N. Hamajima,

Nagoya University, Aichi; H. Iso and T. Sobue, Osaka University, Osaka; M. lida, W. Ajiki,

and A. Ioka, Osaka Medical Center for Cancer and Cardiovascular Disease, Osaka; S. Sato,

Chiba Prefectural Institute of Public Health, Chiba; E. Maruyama, Kobe University, Hyogo;

M. Konishi, K. Okada, and I. Saito, Ehime University, Ehime; N. Yasuda, Kochi University,
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Kochi; S. Kono, Kyushu University, Fukuoka; S. Akiba, Kagoshima University, Kagoshima.
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Abstract

Objective

To examine the impact of diabetes on premature death for Japanese general people

Design

Prospective cohort study

Setting

The Japan Public Health Center-based prospective Study (JPHC Study), data collected

between 1990 and 2010.

Population

A total of 46,017 men and 53,567 women, aged 40 to 69 years at the beginning of baseline

survey

Main outcome measures

Overall and cause specific mortality. Cox proportional hazards models were used to calculate

the relative risks of all cause and cause specific mortality associated with diabetes.

Results

The median follow-up period was 17.8 years. During the follow-up period, 8,223 men and

4,640 women have died. Diabetes increased the risk of death (856 men and 345 women)

[hazard ratio (HR) 1.60, (95% confidence interval (95%CI) 1.49-1.71) for men and 1.98

(95%CI, 1.77-2.21) for women]. As for the cause of death, diabetes increased the risk of death

by circulatory diseases [HR 1.76 (95%CI 1.53-2.02) for men and 2.49 (95%CI 2.06-3.01) for
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women) while its impact on the risk of cancer death was moderate [HR 1.25 (95%CI

1.11-1.42) for men and 1.04 (95%CI 0.82-1.32) for women]. Diabetes also increased the risk

of death for “non-cancer, non-circulatory system disease” [HR 1.91 (95%CI 1.71-2.14) for

men and 2.67 (95%CI 2.25-3.17) for women].

Conclusions

Diabetes increased the risk of death, especially the risk of death by circulatory diseases.

Keywords

diabetes mellitus, mortality

List of acronyms and abbreviations

BMI, Body Mass Index

ERFC, Emerging Risk Factors Collabolation

JPHC study, The Japan Public Health Center-based prospective Study
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Strengths and limitations of this study

= A large scale population-based prospective study, the study population was defined as all

registered Japanese inhabitants in the 11 public health center areas, was conducted.

= In Japan, the registration of deaths is required by the Family Registration Law and is

believed to be complete.

» The assessment of diabetes mellitus was based on a self-report. Although the sensitivity and

specificity of diagnosed diabetes were reported to be high, the assessment of diabetes by

self-report is most likely an underestimate.

» The association between mortality and glycemia was not examined because data about

glycemia were not available for the entire population.
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INTRODUCTION

Today, Japanese people, especially Japanese women, are one of the people who live longest in

the world[1]. On the other hand, the prevalence of type 2 diabetes has increased over the past

few decades in Japan and the total number of diabetic patients is estimated to have risen from

7.4 million in 2002 to 9.5 million in 2012[2]. Diabetes is an important cause of mortality and

morbidity and there are many literatures about diabetes and mortality. However, most of these

literatures were focused on the Western people and the impact of diabetes on premature death

among Japanese people was not well examined. Several genetic and environmental

differences as well as causes of death between Japanese and Western people exist and in the

present study we examined the impact of diagnosed diabetes on premature death for Japanese

general people in a large scale population based cohort study.

METHODS

The Japan Public Health Centre-based prospective Study (JPHC Study) consists of two cohort,

Cohort I and Cohort II that comprise five and six prefectural public health center areas,

respectively. The study population was defined as all registered Japanese inhabitants in the 11

public health center areas, aged 40 to 69 years at the beginning of each baseline survey, that is,

in 1990 for Cohort I and in 1993 for Cohort II. Details of the study design have been

described elsewhere[3]. The study protocol was approved by the institutional review board of
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the National Cancer Center.

Initially, 140,420 subjects were identified as the study population. Subjects with non-Japanese

nationality, duplicate enrollment, late report of emigration occurring before the start of

follow-up or ineligibility because of incorrect birth date (n=260) were excluded.

Questionnaire

At the baseline survey, each participant completed a self-administered questionnaire that

included questions about various lifestyle factors; such as medical history of major diseases,

smoking and alcohol drinking status, height and weight and leisure-time physical activity. A

similar survey was conducted at 5- and 10-years after the baseline survey.

At baseline, a total of 113,402 subjects responded to the questionnaire (response rate 80.9%).

Subjects whose follow up period was not determined were excluded from further analysis

(n=90). Subjects with any of the following conditions at baseline: cardiovascular disease,

chronic liver disease, kidney disease and any type of cancer, were also excluded (n=8,049).

Subjects who had missing baseline data for any of the exposure parameters described below

(in Statistical Analysis) (n=5,049) or subjects with a body mass index (calculated as weight in

kilograms divided by the square of height in meters) of less than 14 or more than 40

(n=1,363) were also excluded, because body mass index less than 14 or more than 40 in

Japanese implies potentially unreliable data. After the above exclusions, the remaining cohort
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consisted of 99,584 subjects (46,017 men and 53,567 women).

Assessment of diabetes

We defined the subject as having diagnosed diabetes if he or she marked on ‘diabetes

mellitus’ to the question ‘Has a doctor ever told you that you have any of the following

diseases?’ or on ‘anti-diabetic drug’ to the question ‘Do you take any of the following drugs?’

The sensitivity and specificity of diagnosed diabetes was reported as 82.9% and 99.7%,

respectively[4]. The questionnaire did not distinguish type 1 and type 2 diabetes. However,

the subjects of the present study were Japanese inhabitants aged 40 to 69 years and we believe

that most of the subjects with diagnosed diabetes had type 2 diabetes.

Follow-up

Subjects were followed from the baseline survey up to December 31, 2010. All death

certificates were forwarded centrally to the Ministry of Health, Welfare and Labor and coded

for the National Vital Statistics. In Japan, the registration of deaths is required by the Family

Registration Law and is believed to be complete. The underlying cause of death was

determined by death certificates and was coded according to the tenth revision of the

International Classification of Disease (ICD-10). Until 1995, the cause of death was

determined according to the criteria of the ICD-9 and from 1995, the codes were translated
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into the corresponding ICD-10 codes.

Statistical Analysis

Person-years of follow-up were counted from the date of the baseline survey until one of the

following endpoints: the date of emigration from Japan, the date of death, or the end of the

study period (December 31, 2010), whichever comes first. Age-standardized mortality rate

was calculated by direct method using 5-year age specific mortality rate and the total

population (subjects with and without diabetes) as standard. The impact of diabetes on

premature death was estimated as hazard ratios using Cox’s proportional hazards model with

age as the time scale[5]. We adjusted potential confounding factors: body mass index

(categorized as 14-18.4, 18.5-24.9, 25-29.9, and 30-40), alcohol intake (categorized by

weekly ethanol intake as non-drinker, 1-149g/week, 150-299g/week, 300-449g/week and 2

450g/week for men and the last two categories were combined into a category 2300g/week

for women), smoking status (categorized as never smoker, past smoker, current smoker at <

20 and > 20 cigarettes per day), leisure-time physical activity (dichotomized as participate in

sports at least once a week or not) and history of hypertension. The public health center areas

were included in the analysis as strata. Effect of birth cohort was also examined by including

birth cohort (birth year of 1920-1929, 1930-1939, and 1940-). Difference of the impact of

diabetes on mortality by diagnosed period was also examined by including information about
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diagnosis of diabetes at 5 and 10 year survey for subjects who responded to 5 and/or 10 year

survey, that is, subjects were classified into four groups according to the period of diagnosis

of diabetes: diagnosed before baseline, diagnosed between baseline and 5 year survey,

diagnosed between 5 and 10 year survey, never diagnosed. Person-years of follow-up of

subjects diagnosed between baseline and 5 year survey and diagnosed between 5 and 10 year

survey were counted from five and ten years after the baseline survey, respectively.

Hazard ratios were calculated for death from all cause, circulatory system diseases (ICD10,

100-199), all cancer (ICD10, C00-C97) and site-specific cancer if there were 5 or more cases

in subjects with diabetes. Deaths from other than circulatory system disease or cancer were

grouped as “non-cancer, non-circulatory system disease” and the hazard ratio for this group

was also calculated. The proportional hazards assumption was checked graphically and by

using Schoenfeld residuals.

All analyses were performed separately for men and women.

RESULTS

The median follow-up period was 17.8 years both for men and women. During the follow-up

period, 8,223 men and 4,640 women have died. The baseline characteristics of the study

subjects are shown in Table 1. At baseline, 6.0% of men and 2.8% of women had diagnosed

diabetes. Among men, age, proportion of subjects with leisure-time physical activity and

10
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history of hypertension were higher among subjects with diabetes. Among women, age, the

body mass index, proportion of subjects with leisure-time physical activity and history of

hypertension were higher among subjects with diabetes. Besides these factors, medication

about hypercholesterolemia was higher among subjects with diabetes (3.5% among diabetes

and 1.2% among non-diabetes for men, and 5.5% among diabetes and 1.9% among

non-diabetes for women).

Among men without diabetes, 1,744 subjects died from circulatory system disease, 3,093

subjects died from cancer and 2,530 subjects died from other causes, while among men with

diabetes, these numbers were 230, 283 and 343, respectively. Among women without diabetes,

1,084 subjects died from circulatory system disease, 1,841 subjects died from cancer and

1,370 subjects died from other causes, while among women with diabetes, these numbers

were 123, 71 and 151, respectively.

Hazard ratios for major causes of death were shown in Table 2. As shown in Table 2, diabetes

increased the risk of death both for men and women. The hazard ratio was high for circulatory

system disease (ischemic heart disease and cerebrovascular disease) among men and

especially high for ischemic heart disease and cerebral infarction among women. The impact

of diabetes on the risk of death from cancer was moderate and the hazard ratios were not high

except some types of cancer (liver cancer both among men and women and pancreas, kidney

and bladder cancer among men), while death from “multiple myeloma and malignant plasma

11
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cell neoplasms” in men and “malignant neoplasm of breast” in women was markedly lower

among subjects with diabetes (46/0 cases for multiple myeloma and 135/1 cases for neoplasm

of breast). Diabetes also increased the risk of death for “non-cancer, non-circulatory system

disease”. These results were almost unchanged when the deaths during the first five years

were excluded. The major causes of death for “non-cancer, non-circulatory system disease”

among subjects with diabetes were “unspecified diabetes mellitus” (E14) (men 17.8%,

women 22.5%), “pneumonia, organism unspecified” (J18) (men 13.7%, women 13.9%) and

“unknown causes” (men 6.4%, women 10.6%).

The hazard ratio of diabetes on mortality was larger among subjects with diabetes diagnosed

before baseline than among subjects diagnosed after baseline (Table 3). Differences of hazard

ratios between subjects diagnosed between baseline and 5 year survey and subjects diagnosed

between 5 and 10 year survey were not clear.

No significant interaction was observed between adjustment factors and the results were

essentially unchanged by including the effect of birth cohort. Further adjustment for

medication for hypercholesterolemia had little impact on our results. We found no violation of

proportionality assumption. However, although it was not confirmed statistically, there was a

tendency that the hazard ratio of diabetes for death decreased as age increased. (Figure 1)

12
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DISCUSSION

In this population-based prospective study of middle-aged Japanese, we observed the

increased risk of death for subjects with diabetes. As for the cause of death, diabetes increased

the risk of death by circulatory system diseases and “non-cancer, non-circulatory system

disease”, while the impact of diabetes on the risk of death from cancer was moderate.

There are many literatures about diabetes and mortality and substantial numbers of these

results were combined into the ERFC (Emerging Risk Factors Collabolation)[6]. In ERFC,

the hazard ratios among subjects with diabetes compared with subjects without diabetes were

reported as 1.80 for all cause mortality, 1.25 for death from cancer, 2.32 for death from

vascular causes and 1.73 for death from other causes.

Results of another large prospective cohort study of one million U.S. adults (CPS-II) was also

published[7]. In the study, relative risk of all-cause mortality was 1.73 for men and 1.90 for

women and that of cancer death was 1.07 for men and 1.11 for women and that of

cardiovascular system death was 1.92 for men and 2.09 for women.

Recently published meta-analysis also reported increased mortality among diabetic subjects

and the relative risk for all-cause mortality was 1.57 for men and 2.00 for women and that of

cardiovascular mortality was 1.76[8].

Although the results were almost similar, there is a difference of major causes of death

between our study and these studies. In the present study, 41% and 25% of all deaths were

13
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caused by cancer and circulatory system disease, respectively, while these numbers were 34%

and 36% in the ERFC and 15% and 50% in the CPS-II, respectively. This tendency that

Japanese die from cancer more than from circulatory system disease and that this is opposite

for western people (although ERFC was a collation of over 100 prospective studies, about

90% of the subjects were from North America or Europe), is also observed in the world

statistics[9]. As discussed above, diabetes increases the risk of death by circulatory system

disease more than death by cancer. This may seem as if the impact of diabetes on mortality is

large in a population among which the major cause of death was circulatory system disease,

that is, the impact of diabetes on mortality is larger among western people than Japanese.

However, this is not true because the non-vascular, non-cancer death plays an unignorable

part of death.

Our results were also almost consistent with the Japanese large scale cohort study (Takayama

study)[10]. The most remarkable difference between the Takayama study and the present

study was the risk of death by coronary heart disease among women. In the Takayama study,

the risk of death by coronary heart disease among women were lower in subjects with

diabetes than subjects without diabetes (hazard ratio 0.49, 95% confidence interval 0.07-3.57).

As shown in the wide confidence interval, this difference may come from the very low

number of cases (only two cases) of coronary heart disease death among women with diabetes.

The collaborate study in Asia[11] and meta-analysis including this collaborate study[12] and

14
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its update[ 13] reported the increased risk of coronary heart disease among diabetic women

and our results were consistent with these reports. Our study revealed that the effect of

diabetes on the risk of cardiovascular death was greater among women than among men. This

is also consistent with the above mentioned meta-analysis[12,13]. Although several possible

explanations, such as 1) a heavier burden of cardiovascular risk factors, 2) a major impact of

some cardiovascular risk factors and/or diabetes per se on cardiovascular disease, 3)

differences in the structure and function of heart and vessels, and 4) disparities in medical

treatment as well as gender differences in treatment response, are postulated, the underlying

mechanism of this sex difference in the impact of diabetes on cardiovascular disease is not

elucidated well[14].

As for the death from cancer, our results were almost consistent with the report about the

incidence of cancer in the same JPHC study[15]. In the case of incidence, diabetes moderately

increased the risk of all cancer and the risk was especially high for cancer of the liver,

pancreas and kidney among men and for cancer of the stomach, liver and ovary among

women. In the present study, a similar tendency was observed among men, however the

number of death from cancer was small among women and the increased mortality risk

associated with diabetes was observed only in liver cancer.

We found that the impact of diabetes on mortality was stronger among subjects diagnosed

before baseline than among subjects diagnosed after baseline. This result suggests that the
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effect of diabetes on mortality becomes stronger as duration of diabetes becomes longer.

We also found, although not confirmed statistically, that the hazard ratio of diabetes for death

decreased as age increased. The similar phenomenon was observed in the ERFC. The reason

is unclear. However, one possible explanation is that diabetic patients who lived long

managed their diabetes relatively well. Another possible explanation is that the diabetic

patients with older age included more recently developed diabetes because the risk of diabetes

increases as age increases and, as stated above, the impact of diabetes on mortality was

relatively lower in newly developed diabetes.

The strength of our study was the large number of subjects. The number of subjects was about

3.4 times that of the Takayama study. Another strength of the present study was that it was

based on the general population in Japan. Although this study was conducted on subjects who

responded the baseline questionnaire, we believe that the high response rate (80.9%) makes it

possible to assess the association between diabetes and mortality in the general population. In

addition, the age-specific mortality rates in the present study were similar to those of Japanese

general population. For example, age-specific mortality rates (per 10,000 person-years) in the

present study in men were 15.5, 36.3, 83.0 and 224.0 for 40, 50, 60 and 70 years-old

respectively and those of Japanese general population (Abridged Life Tables For Japan 2005)

were 14.4, 35.8, 89.4 and 213.8. In women, the age-specific mortality rates (per 10,000

person-years) in the present study were 5.3, 17.4, 33.2 and 87.2 for 40, 50, 60 and 70
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years-old respectively and those of Japanese general population were 7.5, 17.7, 36.6 and 89.3.

No large discrepancies in mortality rates exist between our study and Japanese general

population and this may also support the representativeness of our cohort.

There are several methodological limitations in the present study. The assessment of diabetes

mellitus was based on a self-report. Although the sensitivity (82.6%) and specificity (99.7%)

of diagnosed diabetes were reported to be high, the proportion of subjects with diabetes at

baseline (6.0% for men and 2.8% for women) was low compared with the estimates in the

same period (9.9-13.1% for men and 9.1-11.5% for women)[16]. The assessment of diabetes

by self-report, therefore, is most likely an underestimate and our results may have been

distorted toward null by this misclassification. However, in the above mentioned

meta-analysis, sensitivity analyses were performed and no difference was found in the ratio of

the relative risks for diabetes between the method of diabetes diagnosis (self-report versus

glucose measured)[12]. Previous studies have revealed the association between mortality and

glycemia in diabetic patients[17] and this association holds even in the non-diabetic range of

glycemia[18,7]. Since we have no data about glycemia, we could not assess the association

between mortality and glycemia in the present study.

Despite these limitations, our present study revealed the association between diabetes and

mortality in the Japanese general population. Recent increase in diabetes patients will

influence the longevity of Japanese people in the future and we believe that our study would
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provide useful information both for further research and treatment of diabetes.
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Table 1 Baseline characteristics according to diagnosed diabetes
Men (n=46,017) Women (n=53,567)
DM(-) (n=43,256) DM(+) (n=2,761) DM(-) (n=52,042) DM(+) (n=1,525)
Age 50  (44-56) 53 (49-59) 50  (44-57) 56  (50-62)
BMI 23.5 (2.8) 23.7 (3.0) 233 (3.1 24.4 (3.6)
Smoking
Never 10,175 (23.5) 577  (20.9) 47,347 (91.0) 1,363 (89.4)
Past 10,106  (23.4) 713 (25.8) 942 (1.8) 45 (3.0)
Current (<20 cigarettes/day) 5,913 (13.7) 398 (14.4) 2,422 4.7) 64 4.2)
Current (220 cigarettes/day) 17,062  (39.4) 1,073 (38.9) 1,331 (2.6) 53 (3.5)
Alcohol
Non drinker 13,248  (30.6) 944  (34.2) 44,844 (86.2) 1,386 (90.9)
1-150 g/week 9,667  (22.4) 575 (20.8) 5,609 (10.8) 103 (6.8)
150-300 g/week 9,032 (20.9) 511 (18.5) 996 (1.9) 16 (1.0)
300-450 g/week
5,325 (12.3) 273 9.9) 593 (1.1) 20 (1.3)
(2300 week for women)
2450 g/week 5984  (13.8) 458  (16.6)
Physical activity (active) 8,188 (18.9) 682  (24.7) 9,629 (18.5) 381 (25.0)
Hypertension (+) 7,218 (16.7) 795  (28.8) 8,145 (15.7) 545 (35.7)
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BMJ Open
Table 2 Mortality according to diagnosed diabetes

Men DM(-) DM(+) HR excluding cases during

(n=43,256) (n=2,761) first 5-years
cases rate*® cases rate* crude multivariate-adjusted* multivariate-adjusted* HR

All-cause 7,367 98.0 856 163.9  1.65 (1.54-1.77) 1.60 (1.49-1.71) 1.59 (1.47-1.71)
All circulatory system diseases (ICD10:100-199) 1,744 23.2 230 43.6  1.88 (1.63-2.15) 1.76 (1.53-2.02) 1.79 (1.54-2.09)
Ischemic heart disease (ICD10:120-125) 434 5.8 76 142 247 (1.93-3.15) 2.30 (1.80-2.95) 2.32 (1.78-3.03)
Cerebrovascular disease (ICD10:160-169) 705 9.4 88 16.7  1.78 (1.43-2.23) 1.68 (1.34-2.10) 1.75 (1.37-2.23)
Cerebral infarction (ICD10:163) 176 2.3 27 49 2.07 (1.38-3.11) 1.87 (1.24-2.82) 1.76  (1.09-2.82)
Intracerebral haemorrhage (ICD10:161) 227 3.0 27 5.6 1.86 (1.25-2.78) 1.73 (1.16-2.59) 2.00 (1.30-3.07)
All-cancer (ICD10:C00-C97) 3,093 41.2 283 53.6 1.28 (1.13-1.45) 1.25 (1.11-1.42) 1.22 (1.06-1.39)
All sites excluding the liver 2,850 37.9 244 46.0 1.20 (1.05-1.37) 1.18 (1.03-1.34) 1.16 (1.00-1.34)
All sites excluding the liver and pancreas 2,652 353 216 40.5 1.14 (0.99-1.31) 1.12 (0.97-1.29) 1.11 (0.95-1.29)
Esophagus (ICD10:C15) 171 2.3 16 3.0 135 (0.80-2.25) 1.31 (0.78-2.20) 1.01 (0.53-1.93)
Stomach (ICD10:C16) 543 7.2 37 7.2 095 (0.68-1.32) 0.92 (0.66-1.29) 0.73 (0.49-1.11)
Colon (ICD10:C18) 172 2.3 19 3.6 1.62 (1.01-2.61) 1.61 (1.00-2.60) 1.73 (1.04-2.87)
Rectum (ICD10:C19-C21) 146 1.9 12 23 1.20 (0.66-2.16) 1.17 (0.65-2.12) 1.29 (0.67-2.47)
Liver (ICD10:C22) 243 3.2 39 7.6 220 (1.57-3.10) 2.12 (1.50-2.98) 1.89 (1.27-2.80)
Bile duct (ICD10:C23-C24) 133 1.8 17 3.1 1.78 (1.07-2.96) 1.76 (1.06-2.92) 1.68 (0.96-2.94)
Pancreas (ICD10:C25) 198 2.6 28 54 198 (1.33-2.95) 1.95 (1.31-2.91) 1.80 (1.15-2.81)
Lung (ICD10:C33-C34) 778 10.4 49 9.1 0.85 (0.64-1.14) 0.84 (0.63-1.13) 0.87 (0.64-1.19)
Kidney (ICD10:C64-C66, C68) 51 0.7 10 2.1 2.75 (1.39-5.43) 2.50 (1.26-4.98) 2.32 (1.09-4.98)
Bladder (ICD10:C67) 39 0.5 10 1.8  3.38 (1.68-6.81) 3.29 (1.63-6.65) 3.63 (1.78-7.39)
Prostate (ICD10:C61) 107 1.4 10 1.7 129 (0.67-2.47) 1.24 (0.65-2.39) 1.31 (0.68-2.53)
Non-cancer, non-circulatory system disease 2,530 33.6 343 66.7 196 (1.75-2.19) 1.91 (1.71-2.14) 1.90 (1.67-2.15)

rate*: per 10,000 person-years (age-standardized)

multi VP 2 e Qe sided Foir 0B O [ 9Ys1D 4450 019 I PL Y B 03 BB SR OP I kA48 LPIBM 40505 65 A3 M5

smoking (never, past, <20, >20 cigarettes /day), history of hypertension, leisure-time physical activity. Stratified by area.
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1

2

3

4

g Women DM(-) DM(+) HR excluding cases during
7 (n=52,042) (n=1,525) first 5-years
g cases rate*® cases rate*® crude multivariate-adjusted* multivariate-adjusted* HR
10  All-cause 4,295 45.9 345 102.3 211 (1.89-2.35) 1.98 (1.77-2.21) 2.02 (1.79-2.28)
g All circulatory system diseases (ICD10:100-199) 1,084 11.6 123 36.6 2.82 (2.33-3.40) 249 (2.06-3.01) 2.56 (2.09-3.13)
13 Ischemic heart disease (ICD10:120-125) 196 2.1 42 13.4  5.10 (3.64-7.13) 4.52 (3.21-6.37) 4.56 (3.17-6.57)
ig Cerebrovascular disease (ICD10:160-169) 479 5.1 38 11.3  2.08 (1.49-2.90) 1.72  (1.23-2.40) 1.72 (1.19-2.47)
16 Cerebral infarction (ICD10:163) 98 1.1 18 55 431 (2.60-7.15) 343 (2.05-5.74) 3.61 (2.12-6.15)
ig Intracerebral haemorrhage (ICD10:161) 136 1.5 9 32  1.93 (0.98-3.81) 1.64 (0.83-3.24) 1.71 (0.83-3.54)
;g All-cancer (ICD10:C00-C97) 1,841 19.6 71 22.6  1.08 (0.85-1.37) 1.04 (0.82-1.32) 1.05 (0.81-1.36)
21 All sites excluding the liver 1,730 18.4 61 199 1.00 (0.77-1.29) 0.96 (0.74-1.24) 0.93 (0.70-1.24)
5:2% All sites excluding the liver and pancreas 1,540 16.4 52 17.3  0.97 (0.73-1.27) 0.93 (0.71-1.23) 0.90 (0.66-1.23)
24 Stomach (ICD10:C16) 224 24 8 34  1.05 (0.52-2.13) 1.10 (0.54-2.24) 1.21 (0.57-2.60)
gg Colon (ICD10:C18) 160 1.7 5 1.7 0.84 (0.35-2.06) 0.81 (0.33-2.00) 0.79 (0.29-2.15)
27 Liver (ICD10:C22) 111 1.2 10 2.6 230 (1.20-4.40) 221 (1.15-4.27) 2.66 (1.37-5.17)
gg Pancreas (ICD10:C25) 190 2 9 2.6  1.22 (0.62-2.39) 1.10 (0.56-2.16) 1.17 (0.57-2.39)
30 Lung (ICD10:C33-C34) 228 24 8 2.1 1.00 (0.49-2.02) 0.95 (0.47-2.40) 0.95 (0.35-2.61)
g; Non-cancer, non-circulatory system disease 1,370 14.7 151 432  2.79 (2.35-3.30) 2.67 (2.25-3.17) 2.66 (2.22-3.19)
33

gg rate*: per 10,000 person-years (age-standardized)

36 multivariate-adjusted®: adjsuted for age, BMI (<18, 18-20.9, 21-22.9, 23-24.9, 25-26.9, >27), alcohol intake(non-drinker, <150, 150-299, 300-450, 2450 g/week (women, >300 g/week)),
smoking (never, past, <20, >20 cigarettes /day), history of hypertension, leisure-time physical activity. Stratified by area.
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5 Table3 Difference of the impact of diabetes by diagnosed period (All-cause mortality)

6

7

8

9

10 Men Women

i; Diagnosed Period n cases adjusted HR* n cases adjusted HR*
13 Never 41,036 6,975 1 50,555 4,106 1

ig Before baseline 2,761 856 1.59 (1.48-1.71) 1,525 345  2.00 (1.79-2.23)
16 Between baseline and 5 year survey 1,341 254 1.20 (1.05-1.36) 861 123 1.55 (1.29-1.86)
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22 adjusted HR*: adjsuted for BMI (<18, 18-20.9, 21-22.9, 23-24.9, 25-26.9, >27), alcohol intake(non-drinker, <150, 150-299, 300-450, >450 g/week (women, >300 g/week)), smoking
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gg (never, past, <20, >20 cigarettes /day), history of hypertension, leisure-time physical activity. Stratified by area.
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12 Figure 1 Changes of hazard ratio of diabetes according to age (all-cause mortality)

15 (Men, circle; Women, diamond)
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Appendix:

Members of the Japan Public Health Center-based Prospective Study (JPHC Study, principal

investigator: S. Tsugane) Group are: S. Tsugane, N. Sawada, M. Iwasaki, S. Sasazuki, T.

Yamaji, T. Shimazu and T. Hanaoka, National Cancer Center, Tokyo; J. Ogata, S. Baba, T.

Mannami, A. Okayama, and Y. Kokubo, National Cerebral and

Cardiovascular Center, Osaka; K. Miyakawa, F. Saito, A. Koizumi, Y. Sano, I. Hashimoto, T.

Ikuta, Y. Tanaba, H. Sato, Y. Roppongi, and T. Takashima, Iwate Prefectural Ninohe Public

Health Center, lwate; Y. Miyajima, N. Suzuki, S. Nagasawa, Y. Furusugi, N. Nagai, Y. Ito, S.

Komatsu and T. Minamizono, Akita Prefectural Yokote Public Health Center, Akita; H.

Sanada, Y. Hatayama, F. Kobayashi, H. Uchino, Y. Shirai, T. Kondo, R. Sasaki, Y. Watanabe,

Y. Miyagawa, Y. Kobayashi, M. Machida, K. Kobayashi and M. Tsukada, Nagano

Prefectural Saku Public Health Center, Nagano; Y. Kishimoto, E. Takara, T. Fukuyama, M.

Kinjo, M. Irei, and H. Sakiyama, Okinawa Prefectural Chubu Public Health Center, Okinawa;

K. Imoto, H. Yazawa, T. Seo, A. Seiko, F. Ito, F. Shoji and R. Saito, Katsushika Public

Health Center, Tokyo; A. Murata, K. Minato, K. Motegi, T. Fujieda and S. Yamato, Ibaraki

Prefectural Mito Public Health Center, Ibaraki; K. Matsui, T. Abe, M. Katagiri, M. Suzuki, K.

and Matsui, Niigata Prefectural Kashiwazaki and Nagaoka Public Health Center, Niigata; M.

Doi, A. Terao, Y. Ishikawa, and T. Tagami, Kochi Prefectural Chuo-higashi Public Health

Center, Kochi; H. Sueta, H. Doi, M. Urata, N. Okamoto, and F. Ide and H. Goto, Nagasaki
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Prefectural Kamigoto Public Health Center, Nagasaki; H. Sakiyama, N. Onga, H. Takaesu, M.

Uehara, T. Nakasone and M. Yamakawa, Okinawa Prefectural Miyako Public Health Center,

Okinawa; F. Horii, I. Asano, H. Yamaguchi, K. Aoki, S. Maruyama, M. Ichii, and M. Takano,

Osaka Prefectural Suita Public Health Center, Osaka; Y. Tsubono, Tohoku University,

Miyagi; K. Suzuki, Research Institute for Brain and Blood Vessels Akita, Akita; Y. Honda, K.

Yamagishi, S. Sakurai and N. Tsuchiya, University of Tsukuba, Ibaraki; M. Kabuto, National

Institute for Environmental Studies, Ibaraki; M. Yamaguchi, Y. Matsumura, S. Sasaki, and S.

Watanabe, National Institute of Health and Nutrition, Tokyo; M. Akabane, Tokyo University

of Agriculture, Tokyo; T. Kadowaki and M. Inoue, The University of Tokyo, Tokyo; M.

Noda and T. Mizoue, National Center for Global Health and Medicine, Tokyo; Y. Kawaguchi,

Tokyo Medical and Dental University, Tokyo; Y. Takashima and Y. Yoshida, Kyorin

University, Tokyo; K. Nakamura and R. Takachi, Niigata University, Niigata; J. Ishihara,

Sagami Women’s University, Kanagawa; S. Matsushima and S. Natsukawa, Saku General

Hospital, Nagano; H. Shimizu, Sakihae Institute, Gifu; H. Sugimura, Hamamatsu University

School of Medicine, Shizuoka; S. Tominaga, Aichi Cancer Center, Aichi; N. Hamajima,

Nagoya University, Aichi; H. Iso and T. Sobue, Osaka University, Osaka; M. lida, W. Ajiki,

and A. loka, Osaka Medical Center for Cancer and Cardiovascular Disease, Osaka; S. Sato,

Chiba Prefectural Institute of Public Health, Chiba; E. Maruyama, Kobe University, Hyogo;

M. Konishi, K. Okada, and I. Saito, Ehime University, Ehime; N. Yasuda, Kochi University,
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Abstract

Objective

To examine the association between diabetes and premature death for Japanese general people

Design

Prospective cohort study

Setting

The Japan Public Health Center-based prospective Study (JPHC Study), data collected

between 1990 and 2010.

Population

A total of 46,017 men and 53,567 women, aged 40 to 69 years at the beginning of baseline

survey

Main outcome measures

Overall and cause specific mortality. Cox proportional hazards models were used to calculate

the hazard ratios of all cause and cause specific mortality associated with diabetes.

Results

The median follow-up period was 17.8 years. During the follow-up period, 8,223 men and

4,640 women have died. Diabetes was associated with increased risk of death (856 men and

345 women) [hazard ratio (HR) 1.60, (95% confidence interval (95%CI) 1.49-1.71) for men

and 1.98 (95%CI, 1.77-2.21) for women]. As for the cause of death, diabetes was associated

with increased risk of death by circulatory diseases [HR 1.76 (95%CI 1.53-2.02) for men and
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2.49 (95%CI 2.06-3.01) for women) while its association with the risk of cancer death was

moderate [HR 1.25 (95%CI 1.11-1.42) for men and 1.04 (95%CI 0.82-1.32) for women].

Diabetes was also associated with increased risk of death for “non-cancer, non-circulatory

system disease” [HR 1.91 (95%CI 1.71-2.14) for men and 2.67 (95%CI 2.25-3.17) for

women].

Conclusions

Diabetes was associated with increased risk of death, especially the risk of death by

circulatory diseases.

Keywords

diabetes mellitus, mortality

List of acronyms and abbreviations

BMI, Body Mass Index

ERFC, Emerging Risk Factors Collabolation

JPHC study, The Japan Public Health Center-based prospective Study
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Strengths and limitations of this study

= A large scale population-based prospective study, the study population was defined as all

registered Japanese inhabitants in the 11 public health center areas, was conducted.

= In Japan, the registration of deaths is required by the Family Registration Law and is

believed to be complete.

» The assessment of diabetes mellitus was based on a self-report. Although the sensitivity and

specificity of diagnosed diabetes were reported to be high, the assessment of diabetes by

self-report is most likely an underestimate.

» The association between mortality and glycemia was not examined because data about

glycemia were not available for the entire population.
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INTRODUCTION

Today, Japanese people, especially Japanese women, are one of the people who live longest in

the world[1]. On the other hand, the prevalence of type 2 diabetes has increased over the past

few decades in Japan and the total number of diabetic patients is estimated to have risen from

7.4 million in 2002 to 9.5 million in 2012[2]. Diabetes is an important cause of mortality and

morbidity and there are many literatures about diabetes and mortality. However, most of these

literatures were focused on the Western people and the impact of diabetes on premature death

among Japanese people was not well examined. Several genetic and environmental

differences as well as causes of death between Japanese and Western people exist and in the

present study we examined the association between diagnosed diabetes and premature death

for Japanese general people in a large scale population based cohort study.

METHODS

The Japan Public Health Centre-based prospective Study (JPHC Study) consists of two cohort,

Cohort I and Cohort II that comprise five and six prefectural public health center areas,

respectively. The JPHC Study group members are listed in Appendix. The study population

was defined as all registered Japanese inhabitants in the 11 public health center areas, aged 40

to 69 years at the beginning of each baseline survey, that is, in 1990 for Cohort I and in 1993

for Cohort II. Details of the study design have been described elsewhere[3]. The study
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protocol was approved by the institutional review board of the National Cancer Center.

Initially, 140,420 subjects were identified as the study population. Subjects with non-Japanese

nationality, duplicate enrollment, late report of emigration occurring before the start of

follow-up or ineligibility because of incorrect birth date (n=260) were excluded.

Questionnaire

At the baseline survey, each participant completed a self-administered questionnaire that

included questions about various lifestyle factors; such as medical history of major diseases,

smoking and alcohol drinking status, height and weight and leisure-time physical activity. A

similar survey was conducted at 5- and 10-years after the baseline survey.

At baseline, a total of 113,402 subjects responded to the questionnaire (response rate 80.9%).

Subjects whose follow up period was not determined were excluded from further analysis

(n=90). Subjects with any of the following conditions at baseline: cardiovascular disease,

chronic liver disease, kidney disease and any type of cancer, were also excluded (n=8,049).

Subjects who had missing baseline data for any of the exposure parameters described below

(in Statistical Analysis) (n=5,049) or subjects with a body mass index (calculated as weight in

kilograms divided by the square of height in meters) of less than 14 or more than 40

(n=1,363) were also excluded, because body mass index less than 14 or more than 40 in

Japanese implies potentially unreliable data. After the above exclusions, the remaining cohort
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consisted of 99,584 subjects (46,017 men and 53,567 women).

Assessment of diabetes

We defined the subject as having diagnosed diabetes if he or she marked on ‘diabetes

mellitus’ to the question ‘Has a doctor ever told you that you have any of the following

diseases?’ or on ‘anti-diabetic drug’ to the question ‘Do you take any of the following drugs?’

The sensitivity and specificity of diagnosed diabetes was reported as 82.9% and 99.7%,

respectively[4]. The questionnaire did not distinguish type 1 and type 2 diabetes. However,

the subjects of the present study were Japanese inhabitants aged 40 to 69 years and we believe

that most of the subjects with diagnosed diabetes had type 2 diabetes.

Follow-up

Subjects were followed from the baseline survey up to December 31, 2010. All death

certificates were forwarded centrally to the Ministry of Health, Welfare and Labor and coded

for the National Vital Statistics. In Japan, the registration of deaths is required by the Family

Registration Law and is believed to be complete. The underlying cause of death was

determined by death certificates and was coded according to the tenth revision of the

International Classification of Disease (ICD-10). Until 1995, the cause of death was

determined according to the criteria of the ICD-9 and from 1995, the codes were translated
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into the corresponding ICD-10 codes.

Statistical Analysis

Person-years of follow-up were counted from the date of the baseline survey until one of the

following endpoints: the date of emigration from Japan, the date of death, or the end of the

study period (December 31, 2010), whichever comes first. Age-standardized mortality rate

was calculated by direct method using 5-year age specific mortality rate and the total

population (subjects with and without diabetes) as standard. The association between diabetes

and premature death was estimated as hazard ratios using Cox’s proportional hazards model

with age as the time scale[5]. We adjusted potential confounding factors: body mass index

(categorized as 14-18.4, 18.5-24.9, 25-29.9, and 30-40), alcohol intake (categorized by

weekly ethanol intake as non-drinker, 1-149g/week, 150-299g/week, 300-449g/week and 2

450g/week for men and the last two categories were combined into a category 2300g/week

for women), smoking status (categorized as never smoker, past smoker, current smoker at <

20 and > 20 cigarettes per day), leisure-time physical activity (dichotomized as participate in

sports at least once a week or not) and history of hypertension. The public health center areas

were included in the analysis as strata. Effect of birth cohort was also examined by including

birth cohort (birth year of 1920-1929, 1930-1939, and 1940-). Difference of the association

between diabetes and mortality by diagnosed period was also examined by including
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information about diagnosis of diabetes at 5 and 10 year survey for subjects who responded to

5 and/or 10 year survey, that is, subjects were classified into four groups according to the

period of diagnosis of diabetes: diagnosed before baseline, diagnosed between baseline and 5

year survey, diagnosed between 5 and 10 year survey, never diagnosed. Person-years of

follow-up of subjects diagnosed between baseline and 5 year survey and diagnosed between 5

and 10 year survey were counted from five and ten years after the baseline survey,

respectively.

Hazard ratios were calculated for death from all cause, circulatory system diseases (ICD10,

100-199), all cancer (ICD10, C00-C97) and site-specific cancer if there were 5 or more cases

in subjects with diabetes. Deaths from other than circulatory system disease or cancer were

grouped as “non-cancer, non-circulatory system disease” and the hazard ratio for this group

was also calculated. The proportional hazards assumption was checked graphically and by

using Schoenfeld residuals.

All analyses were performed separately for men and women.

RESULTS

The median follow-up period was 17.8 years both for men and women. During the follow-up

period, 8,223 men and 4,640 women have died. The baseline characteristics of the study

subjects are shown in Table 1. At baseline, 6.0% of men and 2.8% of women had diagnosed

10
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diabetes. Among men, age, proportion of subjects with leisure-time physical activity and

history of hypertension were higher among subjects with diabetes. Among women, age, the

body mass index, proportion of subjects with leisure-time physical activity and history of

hypertension were higher among subjects with diabetes. Besides these factors, medication

about hypercholesterolemia was higher among subjects with diabetes (3.5% among diabetes

and 1.2% among non-diabetes for men, and 5.5% among diabetes and 1.9% among

non-diabetes for women).

Among men without diabetes, 1,744 subjects died from circulatory system disease, 3,093

subjects died from cancer and 2,530 subjects died from other causes, while among men with

diabetes, these numbers were 230, 283 and 343, respectively. Among women without diabetes,

1,084 subjects died from circulatory system disease, 1,841 subjects died from cancer and

1,370 subjects died from other causes, while among women with diabetes, these numbers

were 123, 71 and 151, respectively.

Hazard ratios for major causes of death were shown in Table 2. As shown in Table 2, diabetes

was associated with increased risk of death both for men and women. The hazard ratio was

high for circulatory system disease (ischemic heart disease and cerebrovascular disease)

among men and especially high for ischemic heart disease and cerebral infarction among

women. The association between diabetes and the risk of death from cancer was moderate and

the hazard ratios were not high except some types of cancer (liver cancer both among men

11
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and women and pancreas, kidney and bladder cancer among men), while death from “multiple

myeloma and malignant plasma cell neoplasms” in men and “malignant neoplasm of breast”

in women was markedly lower among subjects with diabetes (46/0 cases for multiple

myeloma and 135/1 cases for neoplasm of breast). Diabetes was also associated with

increased risk of death for “non-cancer, non-circulatory system disease”. These results were

almost unchanged when the deaths during the first five years were excluded. The major

causes of death for “non-cancer, non-circulatory system disease” among subjects with

diabetes were “unspecified diabetes mellitus” (E14) (men 17.8%, women 22.5%)),

“pneumonia, organism unspecified” (J18) (men 13.7%, women 13.9%) and “unknown

causes” (men 6.4%, women 10.6%).

The hazard ratio of diabetes on mortality was larger among subjects with diabetes diagnosed

before baseline than among subjects diagnosed after baseline (Table 3). Differences of hazard

ratios between subjects diagnosed between baseline and 5 year survey and subjects diagnosed

between 5 and 10 year survey were not clear.

No significant interaction was observed between adjustment factors and the results were

essentially unchanged by including the effect of birth cohort. Further adjustment for

medication for hypercholesterolemia had little impact on our results. We found no violation of

proportionality assumption. However, although it was not confirmed statistically, there was a

tendency that the hazard ratio of diabetes for death decreased as age increased. (Figure 1)

12
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DISCUSSION

In this population-based prospective study of middle-aged Japanese, we observed the

increased risk of death for subjects with diabetes. As for the cause of death, diabetes was

associated with increased risk of death by circulatory system diseases and “non-cancer,

non-circulatory system disease”, while the association with the risk of death from cancer was

moderate.

There are many literatures about diabetes and mortality and substantial numbers of these

results were combined into the ERFC (Emerging Risk Factors Collabolation)[6]. In ERFC,

the hazard ratios among subjects with diabetes compared with subjects without diabetes were

reported as 1.80 for all cause mortality, 1.25 for death from cancer, 2.32 for death from

vascular causes and 1.73 for death from other causes.

Results of another large prospective cohort study of one million U.S. adults (CPS-II) was also

published[7]. In the study, relative risk of all-cause mortality was 1.73 for men and 1.90 for

women and that of cancer death was 1.07 for men and 1.11 for women and that of

cardiovascular system death was 1.92 for men and 2.09 for women.

Recently published meta-analysis also reported increased mortality among diabetic subjects

and the relative risk for all-cause mortality was 1.57 for men and 2.00 for women and that of

13
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cardiovascular mortality was 1.76[8].

Although the results were almost similar, there is a difference of major causes of death

between our study and these studies. In the present study, 41% and 25% of all deaths were

caused by cancer and circulatory system disease, respectively, while these numbers were 34%

and 36% in the ERFC and 15% and 50% in the CPS-II, respectively. This tendency that

Japanese die from cancer more than from circulatory system disease and that this is opposite

for western people (although ERFC was a collation of over 100 prospective studies, about

90% of the subjects were from North America or Europe), is also observed in the world

statistics[9]. As discussed above, diabetes was associated with increased risk of death by

circulatory system disease more than death by cancer. This may seem as if the association

between diabetes and mortality is stronger in a population among which the major cause of

death was circulatory system disease, that is, the association is stronger among western people

than Japanese. However, this is not true because the non-vascular, non-cancer death plays an

unignorable part of death.

Our results were also almost consistent with the Japanese large scale cohort study (Takayama

study)[10]. The most remarkable difference between the Takayama study and the present

study was the risk of death by coronary heart disease among women. In the Takayama study,

the risk of death by coronary heart disease among women were lower in subjects with

diabetes than subjects without diabetes (hazard ratio 0.49, 95% confidence interval 0.07-3.57).

14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 33

yBuAdoo Aq paloalold 1senb Aq 20z ‘0T Mdy uo /wod"(wg uadolwg//:dny woij papeojumoq "STOZ ABIA € UO 9€//00-GT0Z-Uadolwag/9eTT 0T Sk paysiignd 1sui :uado NG


http://bmjopen.bmj.com/

Page 15 of 33

©CoO~NOUITA,WNPE

BMJ Open

As shown in the wide confidence interval, this difference may come from the very low

number of cases (only two cases) of coronary heart disease death among women with diabetes.

The collaborate study in Asia[11] and meta-analysis including this collaborate study[12] and

its update[ 13] reported the increased risk of coronary heart disease among diabetic women

and our results were consistent with these reports. Our study revealed that the effect of

diabetes on the risk of cardiovascular death was greater among women than among men. This

is also consistent with the above mentioned meta-analysis[12,13]. Although several possible

explanations, such as 1) a heavier burden of cardiovascular risk factors, 2) a major impact of

some cardiovascular risk factors and/or diabetes per se on cardiovascular disease, 3)

differences in the structure and function of heart and vessels, and 4) disparities in medical

treatment as well as gender differences in treatment response, are postulated, the underlying

mechanism of this sex difference in the impact of diabetes on cardiovascular disease is not

elucidated well[14].

As for the death from cancer, our results were almost consistent with the report about the

incidence of cancer in the same JPHC study[15]. In the case of incidence, diabetes moderately

increased the risk of all cancer and the risk was especially high for cancer of the liver,

pancreas and kidney among men and for cancer of the stomach, liver and ovary among

women. In the present study, a similar tendency was observed among men, however the

number of death from cancer was small among women and the increased mortality risk

15
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associated with diabetes was observed only in liver cancer.

We found that the association between diabetes and mortality was stronger among subjects

diagnosed before baseline than among subjects diagnosed after baseline. This result suggests

that the effect of diabetes on mortality becomes stronger as duration of diabetes becomes

longer.

We also found, although not confirmed statistically, that the hazard ratio of diabetes for death

decreased as age increased. The similar phenomenon was observed in the ERFC. The reason

is unclear. However, one possible explanation is that diabetic patients who lived long

managed their diabetes relatively well. Another possible explanation is that the diabetic

patients with older age included more recently developed diabetes because the risk of diabetes

increases as age increases and, as stated above, the association between diabetes and mortality

was relatively weaker in newly developed diabetes.

The strength of our study was the large number of subjects. The number of subjects was about

3.4 times that of the Takayama study. Another strength of the present study was that it was

based on the general population in Japan. Although this study was conducted on subjects who

responded the baseline questionnaire, we believe that the high response rate (80.9%) makes it

possible to assess the association between diabetes and mortality in the general population. In

addition, the age-specific mortality rates in the present study were similar to those of Japanese

general population. For example, age-specific mortality rates (per 10,000 person-years) in the

16
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present study in men were 15.5, 36.3, 83.0 and 224.0 for 40, 50, 60 and 70 years-old

respectively and those of Japanese general population (Abridged Life Tables For Japan 2005)

were 14.4, 35.8, 89.4 and 213.8. In women, the age-specific mortality rates (per 10,000

person-years) in the present study were 5.3, 17.4, 33.2 and 87.2 for 40, 50, 60 and 70

years-old respectively and those of Japanese general population were 7.5, 17.7, 36.6 and 89.3.

No large discrepancies in mortality rates exist between our study and Japanese general

population and this may also support the representativeness of our cohort.

There are several methodological limitations in the present study. The assessment of diabetes

mellitus was based on a self-report. Although the sensitivity (82.6%) and specificity (99.7%)

of diagnosed diabetes were reported to be high, the proportion of subjects with diabetes at

baseline (6.0% for men and 2.8% for women) was low compared with the estimates in the

same period (9.9-13.1% for men and 9.1-11.5% for women)[16]. The assessment of diabetes

by self-report, therefore, is most likely an underestimate and our results may have been

distorted toward null by this misclassification. However, in the above mentioned

meta-analysis, sensitivity analyses were performed and no difference was found in the ratio of

the relative risks for diabetes between the method of diabetes diagnosis (self-report versus

glucose measured)[12]. Previous studies have revealed the association between mortality and

glycemia in diabetic patients[17] and this association holds even in the non-diabetic range of

glycemia[18,7]. Since we have no data about glycemia, we could not assess the association
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between mortality and glycemia in the present study.

Despite these limitations, our present study revealed the association between diabetes and

mortality in the Japanese general population. Recent increase in diabetes patients will

influence the longevity of Japanese people in the future and we believe that our study would

provide useful information both for further research and treatment of diabetes.
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Table 1 Baseline characteristics according to diagnosed diabetes
Men (n=46,017) Women (n=53,567)
DM(-) (n=43,256) DM(+) (n=2,761) DM(-) (n=52,042) DM(+) (n=1,525)
Age 50  (44-56) 53 (49-59) 50  (44-57) 56  (50-62)
BMI 23.5 (2.8) 23.7 (3.0) 233 (3.1 24.4 (3.6)
Smoking
Never 10,175 (23.5) 577  (20.9) 47,347 (91.0) 1,363 (89.4)
Past 10,106  (23.4) 713 (25.8) 942 (1.8) 45 (3.0)
Current (<20 cigarettes/day) 5,913 (13.7) 398 (14.4) 2,422 4.7) 64 4.2)
Current (220 cigarettes/day) 17,062  (39.4) 1,073 (38.9) 1,331 (2.6) 53 (3.5)
Alcohol
Non drinker 13,248  (30.6) 944  (34.2) 44,844 (86.2) 1,386 (90.9)
1-150 g/week 9,667  (22.4) 575 (20.8) 5,609 (10.8) 103 (6.8)
150-300 g/week 9,032 (20.9) 511 (18.5) 996 (1.9) 16 (1.0)
300-450 g/week
5,325 (12.3) 273 9.9) 593 (1.1) 20 (1.3)
(2300 week for women)
2450 g/week 5984  (13.8) 458  (16.6)
Physical activity (active) 8,188 (18.9) 682  (24.7) 9,629 (18.5) 381 (25.0)
Hypertension (+) 7,218 (16.7) 795  (28.8) 8,145 (15.7) 545 (35.7)
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BMJ Open
Table 2 Mortality according to diagnosed diabetes

Men DM(-) DM(+) HR excluding cases during

(n=43,256) (n=2,761) first 5-years
cases rate*® cases rate* crude multivariate-adjusted* multivariate-adjusted* HR

All-cause 7,367 98.0 856 163.9  1.65 (1.54-1.77) 1.60 (1.49-1.71) 1.59 (1.47-1.71)
All circulatory system diseases (ICD10:100-199) 1,744 23.2 230 43.6  1.88 (1.63-2.15) 1.76 (1.53-2.02) 1.79 (1.54-2.09)
Ischemic heart disease (ICD10:120-125) 434 5.8 76 142 247 (1.93-3.15) 2.30 (1.80-2.95) 2.32 (1.78-3.03)
Cerebrovascular disease (ICD10:160-169) 705 9.4 88 16.7  1.78 (1.43-2.23) 1.68 (1.34-2.10) 1.75 (1.37-2.23)
Cerebral infarction (ICD10:163) 176 2.3 27 49 2.07 (1.38-3.11) 1.87 (1.24-2.82) 1.76  (1.09-2.82)
Intracerebral haemorrhage (ICD10:161) 227 3.0 27 5.6 1.86 (1.25-2.78) 1.73 (1.16-2.59) 2.00 (1.30-3.07)
All-cancer (ICD10:C00-C97) 3,093 41.2 283 53.6 1.28 (1.13-1.45) 1.25 (1.11-1.42) 1.22 (1.06-1.39)
All sites excluding the liver 2,850 37.9 244 46.0 1.20 (1.05-1.37) 1.18 (1.03-1.34) 1.16 (1.00-1.34)
All sites excluding the liver and pancreas 2,652 353 216 40.5 1.14 (0.99-1.31) 1.12 (0.97-1.29) 1.11 (0.95-1.29)
Esophagus (ICD10:C15) 171 2.3 16 3.0 135 (0.80-2.25) 1.31 (0.78-2.20) 1.01 (0.53-1.93)
Stomach (ICD10:C16) 543 7.2 37 7.2 095 (0.68-1.32) 0.92 (0.66-1.29) 0.73 (0.49-1.11)
Colon (ICD10:C18) 172 2.3 19 3.6 1.62 (1.01-2.61) 1.61 (1.00-2.60) 1.73 (1.04-2.87)
Rectum (ICD10:C19-C21) 146 1.9 12 23 1.20 (0.66-2.16) 1.17 (0.65-2.12) 1.29 (0.67-2.47)
Liver (ICD10:C22) 243 3.2 39 7.6 220 (1.57-3.10) 2.12 (1.50-2.98) 1.89 (1.27-2.80)
Bile duct (ICD10:C23-C24) 133 1.8 17 3.1 1.78 (1.07-2.96) 1.76 (1.06-2.92) 1.68 (0.96-2.94)
Pancreas (ICD10:C25) 198 2.6 28 54 198 (1.33-2.95) 1.95 (1.31-2.91) 1.80 (1.15-2.81)
Lung (ICD10:C33-C34) 778 10.4 49 9.1 0.85 (0.64-1.14) 0.84 (0.63-1.13) 0.87 (0.64-1.19)
Kidney (ICD10:C64-C66, C68) 51 0.7 10 2.1 2.75 (1.39-5.43) 2.50 (1.26-4.98) 2.32 (1.09-4.98)
Bladder (ICD10:C67) 39 0.5 10 1.8  3.38 (1.68-6.81) 3.29 (1.63-6.65) 3.63 (1.78-7.39)
Prostate (ICD10:C61) 107 1.4 10 1.7 129 (0.67-2.47) 1.24 (0.65-2.39) 1.31 (0.68-2.53)
Non-cancer, non-circulatory system disease 2,530 33.6 343 66.7 196 (1.75-2.19) 1.91 (1.71-2.14) 1.90 (1.67-2.15)

rate*: per 10,000 person-years (age-standardized)
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smoking (never, past, <20, >20 cigarettes /day), history of hypertension, leisure-time physical activity. Stratified by area.
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1

2

3

4

g Women DM(-) DM(+) HR excluding cases during
7 (n=52,042) (n=1,525) first 5-years
g cases rate*® cases rate*® crude multivariate-adjusted* multivariate-adjusted* HR
10  All-cause 4,295 45.9 345 102.3 211 (1.89-2.35) 1.98 (1.77-2.21) 2.02 (1.79-2.28)
g All circulatory system diseases (ICD10:100-199) 1,084 11.6 123 36.6 2.82 (2.33-3.40) 249 (2.06-3.01) 2.56 (2.09-3.13)
13 Ischemic heart disease (ICD10:120-125) 196 2.1 42 13.4  5.10 (3.64-7.13) 4.52 (3.21-6.37) 4.56 (3.17-6.57)
ig Cerebrovascular disease (ICD10:160-169) 479 5.1 38 11.3  2.08 (1.49-2.90) 1.72  (1.23-2.40) 1.72 (1.19-2.47)
16 Cerebral infarction (ICD10:163) 98 1.1 18 55 431 (2.60-7.15) 343 (2.05-5.74) 3.61 (2.12-6.15)
ig Intracerebral haemorrhage (ICD10:161) 136 1.5 9 32  1.93 (0.98-3.81) 1.64 (0.83-3.24) 1.71 (0.83-3.54)
;g All-cancer (ICD10:C00-C97) 1,841 19.6 71 22.6  1.08 (0.85-1.37) 1.04 (0.82-1.32) 1.05 (0.81-1.36)
21 All sites excluding the liver 1,730 18.4 61 199 1.00 (0.77-1.29) 0.96 (0.74-1.24) 0.93 (0.70-1.24)
5:2% All sites excluding the liver and pancreas 1,540 16.4 52 17.3  0.97 (0.73-1.27) 0.93 (0.71-1.23) 0.90 (0.66-1.23)
24 Stomach (ICD10:C16) 224 24 8 34  1.05 (0.52-2.13) 1.10 (0.54-2.24) 1.21 (0.57-2.60)
gg Colon (ICD10:C18) 160 1.7 5 1.7 0.84 (0.35-2.06) 0.81 (0.33-2.00) 0.79 (0.29-2.15)
27 Liver (ICD10:C22) 111 1.2 10 2.6 230 (1.20-4.40) 221 (1.15-4.27) 2.66 (1.37-5.17)
gg Pancreas (ICD10:C25) 190 2 9 2.6  1.22 (0.62-2.39) 1.10 (0.56-2.16) 1.17 (0.57-2.39)
30 Lung (ICD10:C33-C34) 228 24 8 2.1 1.00 (0.49-2.02) 0.95 (0.47-2.40) 0.95 (0.35-2.61)
g; Non-cancer, non-circulatory system disease 1,370 14.7 151 432  2.79 (2.35-3.30) 2.67 (2.25-3.17) 2.66 (2.22-3.19)
33

gg rate*: per 10,000 person-years (age-standardized)

36 multivariate-adjusted®: adjsuted for age, BMI (<18, 18-20.9, 21-22.9, 23-24.9, 25-26.9, >27), alcohol intake(non-drinker, <150, 150-299, 300-450, 2450 g/week (women, >300 g/week)),
smoking (never, past, <20, >20 cigarettes /day), history of hypertension, leisure-time physical activity. Stratified by area.
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3

4

5 Table3 Difference of the association between diabetes and mortality by diagnosed period (All-cause mortality)

6

7

8

9

10 Men Women

i; Diagnosed Period n cases adjusted HR* n cases adjusted HR*
13 Never 41,036 6,975 1 50,555 4,106 1

12' Before baseline 2,761 856 1.59 (1.48-1.71) 1,525 345  2.00 (1.79-2.23)
16 Between baseline and 5 year survey 1,341 254 1.20 (1.05-1.36) 861 123 1.55 (1.29-1.86)
17 Between 5 and 10 year survey 879 138  1.22 (1.03-1.44) 626 66 145 (1.14-1.86)
18

19

20

21

22 adjusted HR*: adjsuted for BMI (<18, 18-20.9, 21-22.9, 23-24.9, 25-26.9, >27), alcohol intake(non-drinker, <150, 150-299, 300-450, >450 g/week (women, >300 g/week)), smoking

24

gg (never, past, <20, >20 cigarettes /day), history of hypertension, leisure-time physical activity. Stratified by area.
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12 Figure 1 Changes of hazard ratio of diabetes according to age (all-cause mortality)

15 (Men, circle; Women, diamond)
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STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cohort studies
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Section/Topic #em Recommendation Reported on page #

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 1
(b) Provide in the abstract an informative and balanced summary of what was done and what was found 3-4

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 5

Objectives 3 State specific objectives, including any prespecified hypotheses 5

Methods

Study design Present key elements of study design early in the paper 5-6

Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data 5-6
collection

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up 6
(b) For matched studies, give matching criteria and number of exposed and unexposed

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if 6-7
applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe 6-7

measurement comparability of assessment methods if there is more than one group

Bias 9 Describe any efforts to address potential sources of bias 7

Study size 10 Explain how the study size was arrived at 6

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and 6-7
why

Statistical methods 12 | (a) Describe all statistical methods, including those used to control for confounding 7-9
(b) Describe any methods used to examine subgroups and interactions 10-11
(c) Explain how missing data were addressed 6
(d) If applicable, explain how loss to follow-up was addressed 7-8
(e) Describe any sensitivity analyses 10

Results
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1

2

3

4 Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed 5-7
5 eligible, included in the study, completing follow-up, and analysed

? (b) Give reasons for non-participation at each stage 5-7
8 (c) Consider use of a flow diagram

9 Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential 9
10 confounders

i% (b) Indicate number of participants with missing data for each variable of interest

13 (c) Summarise follow-up time (eg, average and total amount)

14 Outcome data 15* | Report numbers of outcome events or summary measures over time 9
15 Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence 22
i? interval). Make clear which confounders were adjusted for and why they were included

18 (b) Report category boundaries when continuous variables were categorized 8
19 (c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period

32 Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses 10-11
22 Discussion

23 Key results 18 | Summarise key results with reference to study objectives 11
24 Limitations

gg Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from 11-13
27 similar studies, and other relevant evidence

28 Generalisability 21 Discuss the generalisability (external validity) of the study results 15
gg Other information

31 Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on 16-17
32 which the present article is based

33

gg *Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

36

37 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE
38 checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

ig http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.
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Appendix:

Members of the Japan Public Health Center-based Prospective Study (JPHC Study, principal

investigator: S. Tsugane) Group are: S. Tsugane, N. Sawada, M. Iwasaki, S. Sasazuki, T.

Yamaji, T. Shimazu and T. Hanaoka, National Cancer Center, Tokyo; J. Ogata, S. Baba, T.

Mannami, A. Okayama, and Y. Kokubo, National Cerebral and

Cardiovascular Center, Osaka; K. Miyakawa, F. Saito, A. Koizumi, Y. Sano, I. Hashimoto, T.

Ikuta, Y. Tanaba, H. Sato, Y. Roppongi, and T. Takashima, Iwate Prefectural Ninohe Public

Health Center, lwate; Y. Miyajima, N. Suzuki, S. Nagasawa, Y. Furusugi, N. Nagai, Y. Ito, S.

Komatsu and T. Minamizono, Akita Prefectural Yokote Public Health Center, Akita; H.

Sanada, Y. Hatayama, F. Kobayashi, H. Uchino, Y. Shirai, T. Kondo, R. Sasaki, Y. Watanabe,

Y. Miyagawa, Y. Kobayashi, M. Machida, K. Kobayashi and M. Tsukada, Nagano

Prefectural Saku Public Health Center, Nagano; Y. Kishimoto, E. Takara, T. Fukuyama, M.

Kinjo, M. Irei, and H. Sakiyama, Okinawa Prefectural Chubu Public Health Center, Okinawa;

K. Imoto, H. Yazawa, T. Seo, A. Seiko, F. Ito, F. Shoji and R. Saito, Katsushika Public

Health Center, Tokyo; A. Murata, K. Minato, K. Motegi, T. Fujieda and S. Yamato, Ibaraki

Prefectural Mito Public Health Center, Ibaraki; K. Matsui, T. Abe, M. Katagiri, M. Suzuki, K.

and Matsui, Niigata Prefectural Kashiwazaki and Nagaoka Public Health Center, Niigata; M.

Doi, A. Terao, Y. Ishikawa, and T. Tagami, Kochi Prefectural Chuo-higashi Public Health

Center, Kochi; H. Sueta, H. Doi, M. Urata, N. Okamoto, and F. Ide and H. Goto, Nagasaki
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Prefectural Kamigoto Public Health Center, Nagasaki; H. Sakiyama, N. Onga, H. Takaesu, M.

Uehara, T. Nakasone and M. Yamakawa, Okinawa Prefectural Miyako Public Health Center,

Okinawa; F. Horii, I. Asano, H. Yamaguchi, K. Aoki, S. Maruyama, M. Ichii, and M. Takano,

Osaka Prefectural Suita Public Health Center, Osaka; Y. Tsubono, Tohoku University,

Miyagi; K. Suzuki, Research Institute for Brain and Blood Vessels Akita, Akita; Y. Honda, K.

Yamagishi, S. Sakurai and N. Tsuchiya, University of Tsukuba, Ibaraki; M. Kabuto, National

Institute for Environmental Studies, Ibaraki; M. Yamaguchi, Y. Matsumura, S. Sasaki, and S.

Watanabe, National Institute of Health and Nutrition, Tokyo; M. Akabane, Tokyo University

of Agriculture, Tokyo; T. Kadowaki and M. Inoue, The University of Tokyo, Tokyo; M.

Noda and T. Mizoue, National Center for Global Health and Medicine, Tokyo; Y. Kawaguchi,

Tokyo Medical and Dental University, Tokyo; Y. Takashima and Y. Yoshida, Kyorin

University, Tokyo; K. Nakamura and R. Takachi, Niigata University, Niigata; J. Ishihara,

Sagami Women’s University, Kanagawa; S. Matsushima and S. Natsukawa, Saku General

Hospital, Nagano; H. Shimizu, Sakihae Institute, Gifu; H. Sugimura, Hamamatsu University

School of Medicine, Shizuoka; S. Tominaga, Aichi Cancer Center, Aichi; N. Hamajima,

Nagoya University, Aichi; H. Iso and T. Sobue, Osaka University, Osaka; M. lida, W. Ajiki,

and A. loka, Osaka Medical Center for Cancer and Cardiovascular Disease, Osaka; S. Sato,

Chiba Prefectural Institute of Public Health, Chiba; E. Maruyama, Kobe University, Hyogo;

M. Konishi, K. Okada, and I. Saito, Ehime University, Ehime; N. Yasuda, Kochi University,
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Kochi; S. Kono, Kyushu University, Fukuoka; S. Akiba, Kagoshima University, Kagoshima.
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