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of casual or fasting normal blood glucose levels. Hazard 
ratios (HRs) and 95% confidence intervals (CIs) for pancre-
atic cancer mortality were estimated stratifying casual and 
fasting blood glucose by cohort-stratified Cox proportional 
hazards regression analysis, with low normal (casual blood 
glucose <94 mg/dl, or fasting blood glucose <90 mg/dl) as 
a reference.
Results Fasting blood glucose showed a dose–response 
relationship with pancreatic cancer mortality (p for 
trend = 0.005). After adjusting for covariates, HRs (95% 
CIs) were 2.83 (1.18–6.76) for prediabetes and 3.96 (1.56–
10.08) for diabetes. However, there were no significant 
associations with casual blood glucose. These tendencies 
were observed after the exclusion of participants who were 
censored for the first 5 years of follow-up.
Conclusions Fasting blood glucose is a better predictor of 
pancreatic cancer death than casual blood glucose.

Keywords Blood glucose · EPOCH-JAPAN · Japanese · 
Pancreatic cancer · Meta-analysis

Abstract 
Purpose The dose–response relationship between fasting 
blood glucose levels and risk of pancreatic cancer has been 
investigated, but the association between casual blood glu-
cose levels and pancreatic cancer death has not been exam-
ined. We examined the association between casual and fast-
ing blood glucose levels and death due to pancreatic cancer 
in Japanese.
Methods We performed a pooled analysis of the indi-
vidual Japanese including 46,387 participants aged 
40–79 years from ten cohorts. Participants were classified 
into five groups: low normal, middle normal, high normal, 
prediabetes (casual blood glucose 140–199 mg/dl, or fast-
ing blood glucose 110–125  mg/dl), and diabetes (casual 
blood glucose ≥200 mg/dl, fasting blood glucose ≥126 mg/
dl, or anti-diabetic drug use). Low normal, middle nor-
mal, and high normal were defined according to tertiles 
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Abbreviations
EPOCH-JAPAN  Evidence for Cardiovascular Prevention 

from Observational Cohorts in Japan
BMI  Body mass index
ICD  The International Classification of Dis-

eases and Related Health Problems
HR  Hazard ratio
CI  Confidence interval
ANOVA  Analysis of variance
SD  Standard deviation.

Introduction

Pancreatic cancer is one of the most fatal cancers [1], and 
the ninth most common cause of cancer deaths world-
wide [1]. Although pancreatic cancer is rare in Asia (age-
adjusted rate <1/100,000) compared with Western coun-
tries (age-adjusted rate 10–15/100,000), its incidence 
is higher in some high-income countries such as Japan 
(age-adjusted rate in 2011 8.7/100,000), similar to West-
ern countries [1, 2]. Pancreatic cancer is the fourth most 
common cause of cancer death in Japan [3]. This ten-
dency is similar to that in other developed countries [4]. It 
accounted for 8.4% of all cancer deaths in 2013 [3], with 
a 5-year relative survival rate of 7.0% in participants diag-
nosed in 2003–2005 in Japan [5].

Previous studies have shown a clear association between 
diabetes and an increased risk of pancreatic cancer [6–9]. 
Furthermore, a linear dose–response relationship between 
fasting blood glucose levels and pancreatic cancer risk has 
been reported in a meta-analysis [10]. A similar relation-
ship was observed in Asian populations in a pooled analy-
sis including Japanese and Korean cohorts [11, 12]. How-
ever, insulin sensitivity and insulin response differ among 
East Asians, Caucasians, and Africans [13], and the impact 
of obesity on diabetes is consequently also different among 
Asian, White, Hispanic, and Black populations [14]. Rai-
mondi et al. noted that the incidence of pancreatic cancer 
varied greatly between regions because of differences in 
lifestyle factors such as diet, or environmental factors such 
as vitamin D exposure [4]. The relationships among diabe-
tes, blood glucose level, and pancreatic cancer might thus 
be different in Japanese individuals. Although the impact of 
diabetes on pancreatic cancer risk has also been observed 
in Japanese individuals [8, 9], the dose–response relation-
ship between fasting blood glucose levels and pancreatic 
cancer mortality and incidence has not been investigated.

A systematic review reported an association between 
glycosylated hemoglobin (HbA1c) and pancreatic cancer 
[15]. It is therefore possible that casual blood glucose lev-
els, as well as fasting levels, may also be associated with 
pancreatic cancer, because HbA1c is associated with 24 h 

mean blood glucose [16]. However, such an association 
between casual blood glucose levels and pancreatic cancer 
has not been examined.

The purpose of this study was to examine the association 
between casual and fasting blood glucose levels and death 
due to pancreatic cancer in Japanese individuals, based on 
a large pooled analysis, including well-established cohorts 
enrolled in the Evidence for Cardiovascular Prevention 
from Observational Cohorts in Japan (EPOCH-JAPAN).

Materials and methods

Study population

The EPOCH-JAPAN database has been described in detail 
elsewhere [17]. Briefly, EPOCH-JAPAN is a pooling pro-
ject for several well-qualified cohort studies in Japanese 
individuals. The database examining cancer deaths includes 
12 cohorts (Tanno–Sobetsu, Ohsaki, Ohasama, Oyabe, 
YKK workers, Suita, RERF cohort, Hisayama, JACC, NIP-
PON DATA80, NIPPON DATA90, and Osaka), with a total 
of 99,951 participants.

We excluded two cohorts (Oyabe and JACC; 35,462 
participants) because information of blood glucose was not 
pooled in the database. Additional exclusions were made in 
the case of participants who were aged <40 or ≥80 years 
(n = 12,000), had a reported history of cancer (n = 616), or 
had missing information about blood glucose (n = 5,486). 
A total of 46,387 participants (20,426 men and 25,961 
women) were finally included in the study analysis.

Blood glucose level

Blood glucose levels were measured in the plasma in all but 
two cohorts (RERF and Osaka cohorts), in which they were 
measured in the serum. Blood collection time was pooled 
as dichotomous variable (fasting or not). If information on 
blood collection time was not fasting or missing, we treated 
the blood glucose level as casual.

Endpoint

In accordance with Family Registration Law in Japan, all 
death certificates are forwarded to the Ministry of Health, 
Labour and Welfare via the public health center in the area 
of residence [18]. Registration of death is required and 
completed by law. Some studies have used other sources, 
such as autopsy reports [19, 20], medical records [19–21], 
health examinations [21, 22], and questionnaires. The 
underlying causes of death were coded according to the 
International Classification of Diseases and Related Health 
Problems, the Ninth Revision (ICD-9) until the end of 
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1994, and the Tenth Revision (ICD-10) from the beginning 
of 1995 [23, 24]. Pancreatic cancer deaths were defined by 
codes 157 or C25.

Person-years of follow-up were counted for each partici-
pant, until the date of pancreatic cancer death, withdrawal 
from each cohort, or the end of the study period, whichever 
occurred first.

Statistical analysis

Participants were classified into three groups according 
to blood glucose level and anti-diabetic drug use: normal 
(casual blood glucose level <140  mg/dl, or fasting blood 
glucose level <110 mg/dl), prediabetes (casual blood glu-
cose level 140–199  mg/dl, or fasting blood glucose level 
110–125 mg/dl), and diabetes (casual blood glucose level 
≥200 mg/dl, fasting blood glucose level ≥126, or anti-dia-
betic drug use) [25]. HbA1c was not included in the defini-
tion of diabetes because its information was not pooled in 
the database. Participants in the normal category were fur-
ther divided in tertiles: low normal (casual blood glucose 
level <94 mg/dl, or fasting blood glucose level <90 mg/dl), 
middle normal (casual blood glucose level 94–107 mg/dl, 
or fasting blood glucose level 90–96 mg/dl), and high nor-
mal (casual blood glucose level 108–139 mg/dl, or fasting 
blood glucose level 97–109 mg/dl). Participants were thus 
classified into five groups in the present study.

Hazard ratios (HRs) and 95% confidence intervals 
(CIs) for pancreatic cancer mortality were estimated 
after stratifying casual and fasting blood glucose levels 
by cohort-stratified Cox proportional hazards regression 
analysis, which accounted for the variability in baseline 
hazards among cohorts, with low normal as a reference. 
The following variables were considered to be potential 

confounding factors in multi-adjusted 1: sex, age (con-
tinuous variable), body mass index (BMI) (<18.5, 18.5 to 
<25.0, and ≥25.0 kg/m2), cigarette smoking (never smoker, 
past smoker, and current smoker), and alcohol drinking 
(never drinker, past drinker, and current drinker). Tests for 
trends were calculated from categorical variable (ordinal 
scale). In addition, the analyses were repeated after exclud-
ing 2,950 participants (pancreatic cancer death n = 61) who 
were censored for the first 5 years after each baseline sur-
vey in multi-adjusted 2.

As a source of potential interaction, analyses were 
repeated after stratifying by sex, age (<65 or ≥65 years), 
BMI (<25.0 or ≥25.0  kg/m2), cigarette smoking (never 
smoker, or past, or current smoker), and alcohol drinking 
(never drinker, or past, or current drinker).

Statistical analyses were conducted using SAS software 
(version 9.3, Cary, NC, USA). All hypothesis tests were 
two-sided and based on a level of significance of 0.05.

Results

The characteristics of the ten cohorts are shown in Table 1. 
Each baseline survey was performed between 1977 and 
1994, with the number of participants ranging from 791 in 
Ohasama to 12,789 in Ohsaki. The mean (standard devia-
tion) follow-up period of the overall study population was 
14.6 (±5.6)  years, ranging from 11.1  years in Ohsaki to 
23.0  years in Tanno–Sobetsu. There were 258 pancreatic 
cancer deaths during 678,001.0 person-years of follow-up.

The baseline characteristics of the study participants 
according to blood glucose level are shown in Tables  2 
and 3. Compared with low normal, participants in the 
diabetes group were older and more prevalent of men, 

Table 1  Characteristics of the cohort studies

a SD standard deviation
b Mortality: /100,000 person-years

n Baseline years Women (%) Mean follow-
up  (SDa)

Person-years Mean age (SD) Pancreatic 
cancer deaths

Mortalityb

All 46,387 1977–1994 56.0 14.6 (5.6) 678,001.0 57.7 (10.4) 258 38.1
Tanno–Sobetsu 1,808 1977 53.4 23.0 (7.6) 41,637.4 50.7 (7.0) 12 28.8
Ohsaki 12,789 1994 56.8 11.1 (3.6) 141,831.3 61.9 (9.2) 48 33.8
Ohasama 791 1987 65.9 12.7 (3.2) 10,039.2 58.5 (8.9) 7 69.7
YKK 2,975 1990 34.5 18.5 (5.1) 54,942.4 47.3 (5.4) 5 9.1
Suita 5,373 1989 51.9 13.6 (3.6) 73,196.6 59.2 (10.8) 45 61.5
RERF cohort 2,199 1986 67.6 17.8 (5.1) 39,122.9 59.0 (10.4) 19 48.6
Hisayama 2,556 1988 57.1 12.9 (2.9) 32,889.4 57.8 (10.5) 10 30.4
ND80 6,911 1980 55.9 20.4 (6.1) 140,835.2 55.7 (10.2) 58 41.2
ND90 5,731 1990 57.0 13.9 (3.0) 79,418.2 56.5 (10.7) 32 40.3
Osaka 5,254 1985 63.3 12.2 (2.5) 64,088.4 57.8 (9.7) 22 34.3
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BMI ≥25.0  kg/m2, past smokers, past drinkers, and cur-
rent drinkers regardless of blood collection times. Current 
smokers were more prevalent according to only fasting 
blood glucose.

Tables 4 and 5 show person-year totals, number of pan-
creatic cancer deaths, and HRs of pancreatic cancer mor-
tality with 95% CIs according to casual and fasting blood 

glucose levels. In multi-adjusted analysis, compared with 
low normal, pancreatic cancer mortality increased signifi-
cantly with increasing fasting blood glucose levels, though 
no similar significant association was observed for casual 
blood glucose levels. In multi-adjusted 1, the HRs for pan-
creatic cancer mortality according to casual blood glucose 
were 1.40 (95% CI 0.78–2.52) for prediabetes and 1.63 

Table 2  Baseline distribution of the study participants according to casual blood glucose level

a SD standard deviation, BMI body mass index
b p values were calculated by chi-squared test (categorical variables), or ANOVA (continuous variables)

Low normal 
(<94 mg/dl)

Middle normal 
(94–107 mg/dl)

High normal 
(108–139 mg/dl)

Prediabetes 
(140–199 mg/dl)

Diabetes 
(≥200 mg/dl)

p  valueb

No. of participants 8,556 9,126 9,189 2,775 1,676
Women (%) 61.8 59.5 56.4 52.6 51.7 <0.0001
Mean age (years)  (SDa) 57.5 (10.2) 59.4 (10.1) 58.8 (10.5) 60.1 (10.2) 63.2 (8.8) <0.0001
BMIa (%)
 <18.5 kg/m2 4.9 4.2 4.8 5.7 4.6 <0.0001
 18.5 to <25.0 kg/m2 69.8 64.4 64.7 63.3 64.6
 ≥25.0 kg/m2 25.2 31.4 30.5 31.1 30.8

Cigarette smoking (%)
 Never 62.0 61.1 60.1 55.3 54.2 <0.0001
 Past 10.9 13.4 12.4 11.8 14.4
 Current 27.1 25.5 27.5 32.9 31.4

Alcohol consumption (%)
 Never 56.9 53.6 53.6 53.5 50.5 <0.0001
 Past 3.8 3.9 4.1 4.2 6.3
 Current 39.2 42.6 42.3 42.3 43.2

Table 3  Baseline distribution of the study participants according to fasting blood glucose level

a SD standard deviation, BMI body mass index
b p values were calculated by chi-squared test (categorical variables), or ANOVA (continuous variables)

Low normal 
(<90 mg/dl)

Middle normal 
(90–96 mg/dl)

High normal 
(97–109 mg/dl)

Prediabetes 
(110–125 mg/dl)

Diabetes 
(≥126 mg/dl)

p  valuec

No. of participants 4163 4298 4670 1195 739
Women (%) 59.1 54.6 46.1 39.8 40.1 <0.0001
Mean age (years)  (SDa) 52.2 (9.5) 55.0 (10.4) 56.6 (10.2) 58.5 (10.3) 59.2 (9.5) <0.0001
BMIa (%)
 <18.5 kg/m2 6.7 5.7 4.8 4.1 3.5 <0.0001
 18.5 to <25.0 kg/m2 77.4 73.2 69.1 63.1 62.4
 ≥25.0 kg/m2 15.9 21.2 26.1 32.8 34.1

Cigarette smoking (%)
 Never 61.7 59.4 54.1 48.9 47.8 <0.0001
 Past 7.2 11.7 17.7 17.9 19.6
 Current 31.1 28.9 28.2 33.2 32.6

Alcohol consumption (%)
 Never 56.9 53.4 49.0 44.7 44.5 <0.0001
 Past 1.8 2.9 2.9 2.8 4.3
 Current 41.4 43.7 48.1 52.6 51.2
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(0.87–3.05) for diabetes (p for trend = 0.202). The corre-
sponding values for fasting blood glucose level were 2.83 
(1.18–6.76) for prediabetes and 3.96 (1.56–10.08) diabe-
tes (p for trend = 0.005). Similar non-significant and sig-
nificant associations were observed in multi-adjusted two 
after exclusion of participants who were censored for the 
first 5 years of follow-up. After stratification according to 
sex, prediabetes and diabetes were associated with pancre-
atic cancer mortality in men, but there was no association 
between either elevated casual or fasting blood glucose lev-
els in pancreatic cancer in women.

We observed similar tendencies between blood glucose 
level and pancreatic cancer mortality in multi-adjusted 
2 after stratification by age, BMI, smoking, and drinking 
(Supplemental Tables  1 and 2). All the above-stratified 
analyses showed non-significant interactions for casual and 
fasting blood glucose.

Discussion

The results of the present study revealed a dose–response 
relationship between fasting blood glucose levels and 

pancreatic cancer mortality, but no such association 
between casual blood glucose levels and pancreatic cancer 
mortality. The risk of pancreatic cancer mortality was par-
ticularly increased in individuals with not only diabetes but 
also prediabetes according to fasting blood glucose levels. 
This was the first study to investigate the risk of pancre-
atic cancer death according to fasting blood glucose levels 
in Japanese individuals, who have a unique dietary pattern 
[26–28] and casual blood glucose levels in the world.

Present study showed a dose–response relationship 
between fasting blood glucose levels and pancreatic cancer 
risk in Japanese individuals that was in accordance with 
a previous meta-analysis [10]. In general, various meta-
bolic and hormonal factors related to glucose metabolism, 
including hyperglycemia, insulin resistance, and hyperin-
sulinemia, are proposed to be involved in the mechanisms 
underlying the onset of cancer [7, 8, 29, 30]. For example, 
hyperglycemia provides more glucose and induces pancre-
atic cancer cell growth [7, 29, 30], and is also associated 
with increased free radical formation, and may lead to the 
development of advanced glycation end products that can 
increase inflammation [31]. In addition, insulin resistance 
promotes the overproduction of reactive oxygen species 

Table 4  Hazard ratios and 95% confidence intervals of pancreatic cancer mortality according to casual blood glucose level

a Multi-adjusted 1 was adjusted for sex, age (continuous), body mass index (<18.5 kg/m2, 18.5 to <25.0 kg/m2, or ≥25.0 kg/m2), cigarette smok-
ing (never, past, or current), and alcohol consumption (never, past, or current)
b Multi-adjusted 2 excluded from multi-adjusted 1 the 1,051 men and 1,207 women where censored for the first 5 years after baseline (number of 
pancreatic cancer deaths: 31 men and 12 women)
c p for trend was calculated as a categorical variable (ordinal scale)

Low normal 
(<94 mg/dl)

Middle normal 
(94–107 mg/dl)

High normal 
(108–139 mg/dl)

Prediabetes 
(140–199 mg/dl)

Diabetes (≥200 mg/dl) p for  trendc

Men and women
 No. of participants 8,556 9,126 9,189 2,775 1,676
 Person-years 111,531.7 120,757.6 146,798.9 44,839.3 22,093.7
 No. of pancreatic cancer deaths 35 56 51 25 15
 Crude Reference 1.47(0.96–2.25) 1.13(0.70–1.82) 1.85(1.05–3.28) 2.17(1.17–4.02) 0.016
 Age-sex-adjusted Reference 1.33(0.87–2.03) 0.93(0.58–1.50) 1.33(0.75–2.36) 1.50(0.81–2.79) 0.334
 Multi-adjusted  1a Reference 1.32(0.85–2.06) 0.95(0.58–1.56) 1.40(0.78–2.52) 1.63(0.87–3.05) 0.202
 Multi-adjusted  2b Reference 1.33(0.75–2.36) 0.92(0.52–1.62) 1.33(0.69–2.57) 1.51(0.73–3.13) 0.254

Men
 No. of participants 3,267 3,692 4,009 1,315 810
 Person-years 41,522.5 48,131.8 61,744.1 19,665.5 9,855.8
 No. of pancreatic cancer deaths 21 29 28 16 12
 Multi-adjusted 1 Reference 1.10(0.61–1.96) 0.74(0.40–1.40) 1.22(0.59–2.51) 1.84(0.88–3.84) 0.209
 Multi-adjusted 2 Reference 0.89(0.43–1.82) 0.66(0.31–1.42) 1.14(0.49–2.66) 1.70(0.69–4.14) 0.299

Women
 No. of participants 5,289 5,434 5,180 1,460 866
 Person-years 70,009.2 72,625.8 85,054.8 25,173.7 12,237.8
 No. of pancreatic cancer deaths 14 27 23 9 3
 Multi-adjusted 1 Reference 1.68(0.83–3.40) 1.37(0.62–3.05) 1.82(0.68–4.88) 1.02(0.28–3.72) 0.651
 Multi-adjusted 2 Reference 1.27(0.58–2.75) 1.32(0.57–3.09) 1.58(0.55–4.54) 1.10(0.30–4.05) 0.607
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[32, 33]. Chronic inflammation and oxidative stress caused 
by hyperglycemia or insulin resistance are known to cause 
DNA damage and are linked to the development of cancer 
[33, 34]. Although these mechanisms are not organ-spe-
cific in pancreatic cancer [33, 35], it has been suggested 
that hyperglycemia and insulin resistance may play impor-
tant roles in the development of pancreatic cancer. Fasting 
blood glucose levels were positively associated with insu-
lin resistance in diabetic and non-diabetic participants [36], 
which is in accordance with the current results. Our results 
suggested that the risk of pancreatic cancer death increased 
notably from a condition of prediabetes assessed by fasting 
blood glucose levels.

In contrast, there was no association between casual 
blood glucose and pancreatic cancer mortality. Casual 
blood glucose levels differ markedly depending on the 
measurement time after eating. Glucose levels measured 
at unknown times were defined as casual blood glucose 
levels in the present study, and these non-differential mis-
classifications will weaken any true association toward the 

null and induce the no association. Alternatively, previous 
reports showed that fasting blood glucose levels were asso-
ciated with hepatic insulin resistance, while postprandial 
blood glucose levels were mainly linked to insulin resist-
ance in skeletal muscle [37, 38]. Our results suggest that 
hepatic insulin resistance, not insulin resistance in skeletal 
muscle, may be an important factor in the pancreatic cancer 
development. Furthermore, blood glucose elevations dur-
ing fasting, or whole day rather than transient postprandial 
hyperglycemia, might also increase the risk of pancreatic 
cancer given that HbA1c levels, as an index of 24 h mean 
blood glucose, were shown to be associated with pancreatic 
cancer in a previous report [15].

Stratification by sex showed that the above associations 
only occurred in men. However, Jee et al. showed that fast-
ing blood glucose levels were associated with pancreatic 
cancer risk in both men and women [12]. It is possible that 
the lack of any association between fasting blood glucose 
levels and pancreatic cancer mortality in women in the cur-
rent study was the result of the small number of events. 

Table 5  Hazard ratios and 95% confidence intervals of pancreatic cancer mortality according to fasting blood glucose level

a Multi-adjusted 1 was adjusted for sex, age (continuous), body mass index (<18.5 kg/m2, 18.5-<25.0 kg/m2, or ≥25.0 kg/m2), cigarette smoking 
(never, past, or current), and alcohol consumption (never, past, or current)
b Multi-adjusted 2 excluded from multi-adjusted 1 the 395 men and 229 women where censered for the first 5 years after baseline (number of 
pancreatic cancer deaths: 11 men and 7 women)
c P for trend was calculated as a categorical variable (ordinal scale)

Low normal 
(<90 mg/dl)

Middle normal 
(90–96 mg/dl)

High normal 
(97–109 mg/dl)

Prediabetes (110–125 mg/
dl)

Diabetes (≥126 mg/dl) p for  trendc

Men and women
 No. of participants 4,163 4,298 4,670 1,195 739
 Person-years 69,777.7 66,606.8 69,076.4 16,763.1 9,755.9
 No. of pancreatic cancer 

deaths
11 23 21 12 9

 Crude Reference 1.94(0.94–3.99) 1.64(0.78–3.43) 3.92(1.71–9.00) 5.18(2.11–12.69) < 0.001
 Age-sex-adjusted Reference 1.73(0.84–3.59) 1.30(0.61–2.74) 2.61(1.13–6.07) 3.57(1.44–8.84) 0.010
 Multi-adjusted  1a Reference 1.82(0.85–3.88) 1.47(0.67–3.19) 2.83(1.18–6.76) 3.96(1.56–10.08) 0.005
 Multi-adjusted  2b Reference 1.82(0.77–4.27) 1.24(0.51–3.05) 3.21(1.24–8.33) 3.34(1.11–10.05) 0.021

Men
 No. of participants 1,704 1,950 2,517 719 443
 Person-years 29,237.3 30,535.7 36,994.8 10,138.1 5,791.1
 No. of pancreatic cancer 

deaths
6 13 14 10 7

 Multi-adjusted 1 Reference 1.84(0.64–5.29) 1.63(0.57–4.65) 3.63(1.19–11.08) 4.73(1.44–15.50) 0.004
 Multi-adjusted 2 Reference 1.76(0.53–5.85) 1.15(0.33–3.95) 4.32(1.28–14.60) 5.05(1.35–18.91) 0.003

Women
 No. of participants 2,459 2,348 2,153 476 296
 Person-years 40,540.4 36,071.1 32,081.7 6,625.0 3,964.8
 No. of pancreatic cancer 

deaths
5 10 7 2 2

 Multi-adjusted 1 Reference 1.76(0.59–5.24) 1.38(0.43–4.46) 1.32(0.25–7.04) 2.97(0.55–16.12) 0.429
 Multi-adjusted 2 Reference 1.92(0.56–6.55) 1.46(0.40–5.37) 0.83(0.09–7.75) – 0.723
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Notably, there were only two pancreatic cancer deaths in 
women in the prediabetes and diabetes fasting blood glu-
cose groups, respectively, and no pancreatic cancer deaths 
in the diabetes group after exclusion of a participant who 
was censored for the first 5  years after baseline. We con-
ducted additional stratified analyses to examine the inter-
actions with age, BMI, smoking, and drinking. Obesity 
is associated with both metabolic disorders and pancre-
atic cancer death [1, 39]. However, even though Lin et al. 
showed a significant increase in the risk of pancreatic can-
cer death in only underweight individuals with a history of 
diabetes, there was no interaction between BMI ≥18.5 kg/
m2 and history of diabetes on pancreatic cancer in Asians 
(p for interaction = 0.07) [40]. In the present study, the 
association between blood glucose level and pancreatic 
cancer deaths was not modified by BMI <25  kg/m2 or 
≥25 kg/m2. Meanwhile, never smokers and never drinkers 
showed no association between fasting blood glucose levels 
and pancreatic cancer mortality. The prevalence of women 
in whom fasting blood glucose level was not associated 
with pancreatic cancer mortality was higher in these strata.

This study had some limitations. First, information on 
the history of cancer was only pooled in a few cohorts, 
and it is possible that the present results were affected by 
individuals’ cancer history. However, we conducted analy-
ses excluding participants who were censored for the first 
5  years after each baseline, and the observed associa-
tion was robust. We considered that the possible effect of 
reverse causation, whereby raised blood glucose levels 
could be due to a history of pancreatic cancer or undiag-
nosed pancreatic cancer, would be eliminated because of 
the very low 5-year survival of pancreatic cancer [1]. After 
exclusion, most analyzed participants would not have any 
history of pancreatic cancer, or any undiagnosed pancreatic 
cancer at each baseline. Second, blood glucose was meas-
ured at the beginning of the follow-up period. The distribu-
tion of single baseline glucose measures is therefore wider 
than the distribution of true usual glucose values because 
of regression to the mean, resulting in potential regression 
dilution bias [41]. This bias weakens any true association 
towards the null. Participants might have been reclassified 
when they were examined during the follow-up period, and 
this bias may have masked any association between casual 
blood glucose levels and pancreatic cancer mortality. Third, 
we observed few pancreatic cancer deaths in women in the 
prediabetes and diabetes, respectively, therefore the statisti-
cal model and result of women in stratified analysis might 
be instable.

In conclusion, fasting, but not casual blood glucose 
levels showed a linear association with the risk of pan-
creatic cancer death in Japanese individuals. The risks of 
pancreatic cancer mortality were particularly significantly 
increased in individuals with prediabetes and diabetes 

according to fasting blood glucose levels. The detailed 
mechanisms responsible for the different impacts of cas-
ual and fasting blood glucose on pancreatic cancer remain 
unknown, but fasting blood glucose appears to be a more 
reliable predictive index of pancreatic cancer death than 
casual blood glucose.
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