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Abstract

Aims We assessed the impact of the combination of
type 2 diabetes (T2DM) and smoking on total cancer
mortality using cohort data of a general Japanese
population.

Methods Of 1908 residents who received health checkups
in two towns in 1994, 794 males were included as study
participants. Smoking status was defined as three cate-
gories: never smoker, ex-smoker and current smoker.
Individuals with T2DM were defined as individuals with
fasting plasma glucose >7.0 mmol/l and/or receiving
medication for T2DM. Participants were divided into six
groups according to T2DM and smoking status: non-DM
(NDM) and never smoker, NDM and ex-smoker, NDM and
current smoker, DM and never smoker, DM and ex-smo-
ker, and DM and current smoker groups. All participants
were followed up for a maximum of 13 years. We calcu-
lated the hazard ratio (HR) using Cox’s proportional hazard
model and subhazard ratio (SHR) using competing risk
regression analyses in each group.

Results  During the follow-up period, there were 169 all-
cause deaths (62 cancer deaths and 40 CVD deaths).
When using Cox regression analysis, HRs were higher in
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the ex-smoker and current smoker groups than in the
never-smoker group, and HRs were also higher in the DM
groups than in the NDM groups. When using competing
risk analysis, SHRs were almost the same as the HRs of
Cox regression analysis (DM and ex-smoker 6.06, DM
and current smoker 10.12).

Conclusions The combination of T2DM and smoking is a
strong risk factor for total cancer mortality in Japanese
men.

Keywords Type 2 diabetes - Smoking - Cancer
mortality - Competing risk analysis

Introduction

Type 2 diabetes mellitus has recently been shown to be
associated with cancer incidence and mortality [1-8].
Hyperinsulinemia accompanied by insulin resistance,
hyperglycemia and chronic inflammation are known to be
mechanisms of oncogenesis. Another reason why type 2
diabetes is related to cancer is that individuals with type 2
diabetes are likely to have common cancer risk factors such
as obesity, smoking and alcohol drinking. Cigarette
smoking is a strong risk factor for various types of cancer
[9]. However, the effect of the combination of type 2
diabetes and smoking on cancer mortality is still unclear.
Both type 2 diabetes and smoking are also risk factors of
cardiovascular disease [10], and cardiovascular death may
preclude the possibility of cancer death due to type 2 dia-
betes and smoking in later years. Therefore, when assessing
the effects of these two risk factors on cancer mortality,
cardiovascular death should be considered as a competing
risk. In such cases, a competing risk analysis such as the
Fine and Gray model is recommended rather than the
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standard Cox’s proportional hazard model for analyzing
data [11, 12]. Hence, in the present study, competing risk
analysis was used for determining the impact of the com-
bination of type 2 diabetes and smoking on cancer mor-
tality with consideration given to cardiovascular mortality
as a competing risk in Japanese males.

Materials and methods

This study was approved by the Ethics Committee of
Sapporo Medical University. Written informed consent
was obtained from all participants in this study.

Study participants

We recruited participants in the Tanno-Sobetsu Study [13,
14], a study with a population-based prospective cohort
design for the present analyses. In two towns, Tanno and
Sobetsu, in Hokkaido, Japan, public health nurses in the
local government recruited by mail all residents aged
20 years or more for annual medical examinations,
including standard blood and urine tests and an electro-
cardiogram. We explained this cohort study to each resi-
dent who was going to receive the health checkup by a
face-to-face interview onsite, and we included residents
who consented to participate in this study.

In 1994, 1908 residents who were aged 30 years or older
received health checkups (794 men and 1114 women).
Because there were few individuals with type 2 diabetes
and few ex-smokers and current smokers among the
females (4.8, 2.2 and 8.8 %, respectively), we included
only 794 males as study participants for this analysis.

Measurement items

All participants were examined in the morning after an
overnight fast. Body weight and height were measured, and
body mass index (BMI) was calculated as body weight
divided by the square of body height (kg/m?). After 5 min
of rest, systolic and diastolic blood pressures (SBP and
DBP) were measured twice in a sitting position using a
mercury sphygmomanometer by a well-trained doctor, and
average values were used for analysis. Total cholesterol
(TC) and fasting plasma glucose (FPG) levels were mea-
sured by venous blood tests. TC and FPG levels were
measured by the cholesterol oxidase and hexokinase
method, respectively. Information on medical history
including use of medications, smoking status and alcohol
drinking status was obtained via interviews by public
nurses.

In this study, smoking status was defined according to
three categories: never smoker, ex-smoker and current
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smoker. Individuals with type 2 diabetes were defined as
individuals with FPG >7.0 mmol/l and/or receiving med-
ication for type 2 diabetes.

Follow-up

All participants were followed up from 1994 to 31
December 2007, and their vital status and emigration status
and cause of death were annually ascertained using resi-
dence registry data, death certificates, medical records in
hospitals and/or questionnaires. Out-migrate individuals
were defined as censored cases at the time of move-out
day.

Statistical analyses

To determine the impact of the combination of type 2
diabetes and smoking on cancer mortality, participants
were divided into the following six groups: non-DM
(NDM) and never smoker, NDM and ex-smoker, NDM and
current smoker, DM and never smoker, DM and ex-smo-
ker, and DM and current smoker.

Stata version 12.1 (StataCorp LP, USA) was used for
statistical analysis. The significance level in all analyses
was set at p < 0.05. All numerical values are expressed as
mean + SD. Dunnett’s and Fisher’s exact tests were used
for examination of intergroup differences compared with
the NDM and never-smoker group and for frequency
comparison, respectively.

To assess the risk of cancer mortality in each of the six
groups, we first calculated the hazard ratio (HR) and 95 %
confidence interval (CI) using Cox’s proportional hazard
model. We then performed competing risk regression
analyses because cardiovascular death is considered to be a
competing risk event in this analysis. Competing risk
regression analyses were conducted using the Fine and
Gray method, and the subhazard ratio (SHR), with the
NDM and never-smoker group being used as a reference
group, was calculated in each group. In multivariate anal-
ysis, age, BMI, alcohol drinking and TC level were
selected as covariates being confounding factors for cancer
mortality.

As a sensitivity analysis, we conducted the same anal-
ysis as that described above after excluding events of
cancer death within 3 years from baseline.

Results

Baseline characteristics in the six groups according to DM
and smoking status are shown in Table 1. Mean age tended
to be lower in the current smoker groups than in the never-
smoker groups and was significantly lower in the NDM and
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Table 1 Baseline characteristics in the six groups according to DM and smoking status

NDM and NDM and ex- NDM and DM and never DM and ex- DM and p value?
never smoker smoker current smoker  smoker smoker current smoker
(n = 185) (n = 151) (n = 393) (n=15) (n=21) (n=29)
Age (years) 60.9 + 11.6 63.6 + 12.5 57.8 £ 12.5* 65.9 + 10.6 65.1 £ 11.8 647 £10.2  <0.001
BMI (kg/m?) 237+ 29 23.6 + 32 23.0 £ 3.1 244+ 2.6 233+ 24 242 + 4.0 0.06
SBP (mmHg) 1337 £ 17.1 136.3 £ 19.2  131.2 £ 18.6 1433 £ 18.6 1424 £ 152 1344 4+ 19.7 0.003
DBP (mmHg) 79.5 £9.2 79.8 £ 9.6 77.6 £94 771 £ 7.5 81.9 £ 9.5 78.5 + 8.6 0.045
TC (mmol/l) 5.1+£0.8 49 +£09 47 £0.8 52+08 49+09 4.8 £09 0.199
FPG (mmol/l) 52+05 54 +0.6 52+ 0.6 8.4 £ 3.0% 8.1 £ 2.5% 8.0 £ 3.0* <0.001
Alcohol drinking <0.001
Never drinker (%) 314 20.5 18.1 333 28.6 31.0
Ex-drinker (%) 54 17.2 8.4 6.7 38.1 34
Current drinker (%) 63.2 62.3 73.5 60.0 333 65.5
Medication for 15.1 21.9 17.6 20.0 14.3 24.1 0.576
hypertension (%)
Medication for 1.6 0.0 0.8 0.0 0.0 34 0.297
hypercholesterolemia (%)
Medication on DM (%) 0 0 0 73.3 66.7 69.0 <0.001

Values are expressed as mean £+ SD

DM type 2 diabetes, NDM non-DM, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, 7C total cholesterol, FPG

fasting plasma glucose
* p < 0.05, vs. NDM and never smoker, Dunett’s test

 Analysis of variance (ANOVA) and Fisher’s exact test were used for mean comparison and frequency comparison, respectively

current smoker group than in the NDM and never-smoker
group. BMI and blood pressure levels tended to be higher
in the DM groups than in the NDM groups. Frequency of
being an ex-drinker tended to be high in the ex-smoker
groups. There were no significant differences in the fre-
quency of medication for DM among the three DM groups.

The mean follow-up period was 11.3 £ 3.6 years, and
8914 person-years were totally observed. During the fol-
low-up period, there were 169 all-cause deaths (62 cancer
deaths and 40 CVD deaths). The 62 cancer deaths included
22 lung cancer, 11 gastric cancers, 8 liver cancers, 5 pan-
creatic cancers, 5 prostate cancers, 3 colorectal cancers and
8 other cancer deaths. Table 2 shows cancer mortality and
CVD mortality rates in the six groups. Cancer mortality
rates in the ex-smoker and current smoker groups were
higher than those in the never-smoker groups both with and
without DM. Cancer mortality rate also tended to be higher
in the DM groups than in the NDM groups.

Table 3 shows the results of competing risk regression
and Cox proportional hazard regression analysis for total
cancer mortality. When using Cox regression analysis, HRs
after adjustment for several confounding factors were
higher in the ex-smoker and current smoker groups than in
the never-smoker group, and HRs were also higher in the
DM groups than in the NDM groups. HR in the DM and
current smoker group was the highest among the six

groups. When using competing risk regression analysis,
SHRs were almost the same as the HRs of Cox regression
analysis.

As a sensitivity analysis, we conducted the same anal-
ysis as that described above after excluding events of
cancer death within 3 years from baseline (Table 4).
Although there were some differences in HRs and SHRs
and slightly larger 95 % Cls, the DM and ex-smoker group
and the DM and current smoker group showed the same
tendency of higher HRs and SHRs as shown in Table 3.

Discussion

The main findings of this study are (1) both type 2 diabetes
and smoking status were strong risk factors for all-cause
cancer mortality, and the combination of type 2 diabetes
and smoking status was a stronger risk than type 2 diabetes
alone or smoking status alone; (2) when using competing
risk analysis, there were no remarkable attenuations of
SHR compared with Cox regression analysis.

There has been an accumulation of evidence indicating
that type 2 diabetes is related to cancer morbidity and
mortality [1-8], and the American Diabetes Association
(ADA) and American Cancer Society (ACS) jointly pub-
lished a consensus report on the association between
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Table 2 Cancer mortality and CVD mortality in the DM and smoking groups

Number of Number of Person- Cancer mortality CVD mortality
cancer deaths CVD deaths years (/1000 person-year) (/1000 person-year)

NDM and never smoker (n = 185) 4 7 2153 1.9 33

NDM and ex-smoker (n = 150) 10 10 1647 6.1 6.1

NDM and current smoker (n = 390) 37 17 4463 8.3 3.8

DM and never smoker (n = 15) 1 1 152 6.6 6.6

DM and ex-smoker (n = 21) 4 3 206 194 14.6

DM and current smoker (n = 29) 6 2 293 20.5 6.8

CVD cardiovascular disease, DM type 2 diabetes, NDM non-DM

Table 3 Competing risk and Cox proportional hazard regression analyses for total cancer mortality among DM and smoking status categories

Competing risk

Cox proportional hazard

SHR 95 % CI p value HR 95 % CI p value
NDM and never smoker (n = 185) 1.00 (ref) - - 1.00 (ref) - -
NDM and ex-smoker (n = 150) 242 0.71-8.17 0.157 2.36 0.72-7.74 0.155
NDM and current smoker (n = 390) 5.01 1.77-14.21 0.002 4.89 1.72-13.91 0.003
DM and never smoker (n = 15) 2.77 0.27-28.42 0.391 2.54 0.28-23.10 0.406
DM and ex-smoker (n = 21) 6.06 1.39-26.51 0.017 7.88 1.91-32.55 0.004
DM and current smoker (n = 29) 10.12 2.69-38.07 <0.001 10.61 2.99-37.66 <0.001

Both HR and SHR were adjusted for age, body mass index, alcohol drinking and total cholesterol level

DM type 2 diabetes, NDM non-DM, SHR subhazard ratio assessed by competing risk regression, HR hazard ratio assessed by Cox proportional

hazard model, 95 % CI 95 % confidence interval

Table 4 Competing risk and Cox proportional hazard regression analyses for total cancer mortality among DM and smoking status categories

after excluding events of cancer death within 3 years from baseline

Competing risk

Cox proportional hazard

SHR 95 % CI p value HR 95 % CI p value
Non-DM and never smoker (n = 185) 1.00 (ref) - - 1.00 (ref) - -
Non-DM and ex-smoker (n = 150) 2.63 0.67-10.35 0.166 2.61 0.68-10.06 0.164
Non-DM and current smoker (n = 390) 5.93 1.78-19.74 0.004 5.78 1.75-19.11 0.004
DM and never smoker (n = 15) 3.73 0.34-41.40 0.283 3.46 0.35-33.74 0.286
DM and ex-smoker (n = 21) 5.81 1.07-31.54 0.041 8.00 1.56-41.03 0.013
DM and current smoker (n = 29) 8.64 1.78-41.94 0.007 9.41 2.10-42.06 0.003

Both HR and SHR were adjusted for age, body mass index, alcohol drinking and total cholesterol level

DM type 2 diabetes, NDM non-DM, SHR subhazard ratio assessed by competing risk regression, HR hazard ratio assessed by Cox proportional

hazard model, 95 % CI 95 % confidence interval

diabetes and cancer in 2010 [15, 16]. The Japan Diabetes
Society (JDS) and Japanese Cancer Association (JCA) also
published a report of the JDS/JCA Joint Committee on
Diabetes and Cancer in 2013 [17]. In these two reports,
both type 2 diabetes and smoking are common risk factors
for cancer, and individuals with DM are recommended to
stop smoking. However, the impact of a combination of
type 2 diabetes and smoking on cancer is not mentioned in
these two reports, and this issue is still unclear because
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smoking status was likely to have been used as a con-
founding factor for the relationship between type 2 diabetes
and cancer in previous studies. There are a few reports on
the interaction of DM and smoking for pancreatic cancer.
Two case-control studies showed that the combination of
DM and smoking was a stronger risk for pancreatic cancer
than DM alone or ever smoking alone [18, 19]. We
assessed the interaction between type 2 diabetes and
smoking on cancer mortality by using both a Cox model
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and a Fine and Gray model into which type 2 diabetes (yes/
no), smoking status (current and ex/never) and the inter-
action term (type 2 diabetes x smoking status) were added
as covariates in the analysis before dividing participants
into six categories according to DM and smoking status
(data not shown). P values of the interaction term were
0.489 and 0.678 in the Cox model and the Fine and Gray
model, respectively, and we could not find a significant
interaction between type 2 diabetes and smoking status.
However, the results of this study showed that the highest
SHR for all cancer mortality was in the DM and current
smokers (Table 3), and this large risk for cancer mortality
may enhance the motivation of patients with type 2 dia-
betes to stop smoking.

Mechanisms of this effect of the combination of type 2
diabetes and smoking on cancer mortality could not be
explored in this analysis, but some mechanisms can be
considered. Hyperinsulinemia due to insulin resistance
[20-22], oxidative stress accompanied by hyperglycemia
[23, 24] and chronic inflammation [25, 26] are considered
to lead to development and progression of cancer in type 2
diabetes patients. The combination of these various
mechanisms and the effect of smoking is easily considered
to play a pleiotropic and synergistic role in the develop-
ment of cancer. As another mechanism of the interaction, a
recent meta-analysis [27] showed that the circulating sol-
uble receptor for the advanced glycation end product
(SRAGE) was inversely associated with the risk of devel-
oping cancer, and smoking status explained some part of
the heterogeneity for the association of circulating SRAGE
with cancer risk using a meta-regression analysis. The
AGE-RAGE system may be related to the synergistic
interaction between type 2 diabetes and smoking for cancer
mortality.

In this study, when using competing risk analysis, there
were no remarkable attenuations in SHRs of the DM and
ex-smoker group and the DM and current smoker group
compared with the results of Cox regression analysis. One
possible reason for this is the change in specific causes of
death in type 2 diabetes patients over the past few decades
in Japan. The most common cause of death among Japa-
nese patients with diabetes was cardiovascular disease
from 1979 to 1989, but cancer death became the most
common cause of death in the 1990s with the extension of
life expectancy among patients with diabetes [28]. There-
fore, the change in specific causes of death among patients
with diabetes may have affected the results of this study,
which were intended for mortality.

One of the clinical implications of this study is that the
impact of the combination of type 2 diabetes and smoking
on cancer mortality may help medical staff in the situation
of education for patients with type 2 diabetes and a
smoking habit. These patients may be motivated to stop

smoking by the tenfold higher risk of cancer mortality than
for non-DM and never smokers. Another clinical implica-
tion is that the results of this study may be useful in edu-
cation for community-dwelling smokers by public health
workers. Smoking is one of the risk factors for future
occurrence of type 2 diabetes as well as occurrence of
cancer [29, 30]. Community-dwelling smokers, therefore,
are at high risk for future occurrence of both type 2 dia-
betes and cancer. Moreover, if they acquire type 2 diabetes
in the near future and become patients with type 2 diabetes
who have a smoking habit, their relative risk for cancer
mortality might increase from five- to tenfold. This infor-
mation may help to motivate community-dwelling smokers
to stop smoking.

There were several limitations to this study. First, we
could not assess cancer morbidity. Therefore, the results
mainly reflect the effect of type 2 diabetes and smoking on
cancers with high mortality. Second, we could not assess
site-specific cancer mortality because of the small number
of cancer deaths. To clarify the effect of the combination of
type 2 diabetes and smoking for site-specific cancer mor-
tality, further large-scale studies are needed. Third, we
could not completely exclude the possibility that cancer-
bearing individuals were recruited in this study at baseline.
However, that possibility is not high since exclusion of
events of cancer death within 3 years from baseline did not
significantly change the results (Table 4). Fourth, because
of the small numbers of individuals with type 2 diabetes
and smokers in women, we could not assess the gender
differences in the effect of the combination of type 2 dia-
betes and smoking on cancer mortality, and further large-
scale studies also are needed to clarify gender differences.
Fifth, we could not assess treatments for diabetes in detail,
but some medications such as metformin [31, 32] may have
confounded the results of this study.

In conclusion, the combination of type 2 diabetes and
smoking is a strong risk factor for total cancer mortality in
Japanese men, and it may motivate smokers both with and
without type 2 diabetes to stop smoking.
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