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ABSTRACT
Aims/Introduction: Both type 2 diabetes and obesity increase the risk of some types
of cancers, and underlying mechanisms are thought to be, at least in part, common. In
the present study, we carried out a retrospective cohort study of the relationship between
body mass index (BMI) categories and cancer development in Japanese type 2 diabetic
patients.
Materials and Methods: A total of 113 incident cancers including 35 cancers whose
incidence was reported to be increased by obesity (27 colorectal cancers, two breast can-
cers in postmenopausal women, one endometrial cancer, four renal cancers and one
gallbladder cancer) were identified in 2,334 type 2 diabetic patients (1,616 men and 718
women) over an average observation period of 5.1 years.
Results: In men, there was no significant association between the BMI categories at the
start of the observation period and the development of any cancer. In contrast, the inci-
dence of all of the cancers in the women was significantly higher in the group with a
BMI of less than 22.0 kg/m2 (hazard ratio 3.07, 95% CI 1.01–9.36). In either sex, there was
no significant relationship between the BMI categories and the development of cancers
whose risk is known to be increased by obesity.
Conclusions: The findings of the present study were limited by the relatively small
number of patients in the cohort, which posed a danger of not finding significance.
However, the results suggested that obesity did not become an additional risk factor for
cancer in Japanese type 2 diabetic patients.

INTRODUCTION
Both type 2 diabetes and obesity have been considered to be
associated with an increased risk of certain types of cancer, and
the underlying mechanisms, such as hyperinsulinemia as a
result of insulin resistance, are thought to be shared, at least in
part1–4. Therefore, type 2 diabetes and obesity are likely to
additively influence cancer development.

Obese individuals have higher degrees of insulin resistance
than lean individuals, both in the type 2 diabetic population and
the general population5,6. Plasma levels of inflammatory markers
and adipocytokines, which have been shown to be related to the
development of breast cancer, are reported to be correlated with
body mass index (BMI) in women, both those with and without
type 2 diabetes7. However, only a few clinical reports have
examined the combined effect of type 2 diabetes and obesity on
the risk of cancer8–10, and not all reports have been able to
verify that cancer risk is higher in obese diabetic patients.Received 29 October 2015; revised 27 February 2016; accepted 21 March 2016
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In the present study, we carried out a retrospective cohort
study of the risk of cancer development by BMI category, using
BMI as a surrogate marker of obesity, in type 2 diabetic
patients registered in the National Center Diabetes Database.
BMI is known to be correlated with the plasma levels of adiop-
cytokines7,11,12 and mediators of inflammation13, whose produc-
tion is increased in cases of obesity. Accordingly, BMI is
frequently used as a surrogate marker of leanness/obesity in
epidemiological studies.

MATERIALS AND METHODS
Population included in the analysis
The structure of the National Center Diabetes Database has
been described in detail previously14. To examine the condi-
tions related to malignant neoplasms occurring in type 2
diabetes patients registered in this database, we set up a retro-
spective cohort. We first extracted data for 3,807 type 2 dia-
betes patients who had received treatment in 2008 and 2009

(start of observation) at three institutions (Center Hospital,
National Center of Global Health and Medicine; Konodai
Hospital, National Center of Global Health and Medicine; and
the Institute of Adult Disease, Asahi Life Foundation) where
information on the presence, absence or new onset of cancer in
all patients is registered. Next, of the 3,807 patients, 731 for
whom information on the smoking status, drinking habit,
height and weight, or values of hemoglobin A1c was missing
were excluded. To avoid the influence of cancer growth on the
clinical and biochemical parameters, we also excluded data for
527 patients who had been diagnosed as having cancer before
or within 12 months of the start of the observation. We also
excluded 215 patients who discontinued their outpatient clinic
visits within 12 months of the start of the observation. After
these exclusions, the data of 2,334 patients with recorded infor-
mation on the presence, absence or new onset of cancer, the
smoking status, drinking habit, height and weight, and values
of hemoglobin A1c were finally selected for this study (Fig. 1).

3,807 type 2 diabetes patients who had received
treatment in 2008 and 2009 (start of observation)

and information on the presence, absence, or new
onset of cancer is registered

731 patients without
information on the smoking
status, drinking habit, height
and weight or HbA1c values

527 patients diagnosed as
having cancer prior to or
within 12 months of the start
of the observation

215 patients who
discontinued their outpatient
clinic visits within 12 months
of the start of the observation

Study participants (n = 2,334)

Figure 1 | Flowchart for the selection of the study population included in the analysis. HbA1c, hemoglobin A1c.

ª 2016 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 7 No. 6 November 2016 909

O R I G I N A L A R T I C L E

http://onlinelibrary.wiley.com/journal/jdi BMI and cancer in T2DM



Study variables
The cohort of 2,334 patients was observed from the start of the
observation period until the new onset of malignant tumors
(end-point of this study), dropout or the end of 2013. The new
onset of malignant tumors was identified from the registered
data. The data were then analyzed to determine: (i) the risk of
all cancers; and (ii) the risk of cancers for which the incidence
was reportedly increased by obesity (cancers of the colorectum,
breast in postmenopausal women, endometrium, kidney, thy-
roid and gall bladder, as well as esophageal adenocarcinoma)15.
If data at the start of the observation period had not been
obtained, data from a time closest to the start of the observa-
tion period were used.
This research conformed to ‘Ethical Guidelines for Medical

and Health Research involving Human Subjects’ issued by the
Ministry of Health, Labor and Welfare of Japan, and was
approved by the National Center for Global Health and
Medicine Research Ethics Committee.

Statistical analysis
The data analysis was carried out using R version 3.2.1 (Statisti-
cal Computing, Vienna, Austria)16. Continuous variables were
summarized as the mean – standard deviation (for variables
showing normal distribution) or the median and the 25–75th
percentiles (for variables not showing a normal distribution).
Weight (in kilograms) was divided by the square of height (in
meters) to calculate the BMI, and the values were rounded to
three significant digits. The Japan Society for the Study of Obe-
sity defines a BMI of 22.0 kg/m2 as the ideal bodyweight based
on previous studies revealing that people with a BMI of
22.0 kg/m2 showed the highest degree of freedom from disease
and the lowest morbidity17. Accordingly, the Japan Diabetes
Society also uses this ideal bodyweight as a treatment goal18,
and in Japanese people, a BMI of 25.0 kg/m2 or greater is
defined as obesity19; therefore, the patients in the present cohort
were divided into three groups for analysis: a group with a
BMI of less than the ideal bodyweight (less than 22.0 kg/m2), a
group with a BMI of 22.0 to less than 25.0 kg/m2, and a group
with obesity (25.0 kg/m2 or greater).
A multivariate Cox regression analysis was carried out to

estimate the hazard ratios (HR) with the corresponding 95%
confidence intervals (95% CI) for cancer incidence associated
with BMI category. Calculations were carried out using the
group with a BMI of 22.0 to less than 25.0 kg/m2 as the refer-
ence group. The model was adjusted for age, smoking status
and drinking habits. Participants were divided according to
their smoking status into never smokers, current smokers and
former smokers. Considering the report by Inoue and
Tsugane20 that heavy drinking is associated with cancer risk in
Japanese people, the participants were also divided into two cat-
egories according to their drinking habit: a group of partici-
pants who drank on less than 3 days of the week and a group
of participants who drank on 3 days or more of the week.
Associations were also adjusted for age used as the continuous

variable. P-values less than 0.05 were considered statistically
significant.

RESULTS
Of 2,334 patients, 1,616 were men and 718 were women, with
a median age at study entry of 62.0 years for men and
66.0 years for women. The average time of follow up was
5.1 years, with a total of 11 835.1 person-years. The demo-
graphics of patients by BMI category are presented in Table 1.
By the end of 2013, a total of 113 incident cancers had been
diagnosed (Table 2). Hemoglobin A1c levels at the start of the
observation period were not associated with the risk of cancer
(adjusted for age, smoking status and drinking habit; men: haz-
ard ratio 1.01, 95% CI 0.86–1.17; women: hazard ratio 1.00,
95% CI 0.74–1.36).
Calculations using the group with a BMI of 22.0 to less than

25.0 kg/m2 as the reference group showed that there was no
significant association between the BMI categories and the
development of any type of cancer in men (Table 3). In
women, a Cox regression analysis adjusted for age, smoking,
and frequency of alcohol consumption showed that cancer risk
was higher in women with a BMI of less than 22.0 kg/m2 than
in those with a BMI of 22.0 to less than 25.0 kg/m2 (hazard
ratio 3.07, 95% CI 1.01–9.36; Table 3). In the present cohort,
the risk of cancers whose risk of development is known to be
increased by obesity was not higher in the group with a BMI
of 25.0 kg/m2 or greater (Table 3).

DISCUSSION
Diabetic patients have an elevated cancer risk1,21,22, whereas
obesity is also known to increase the risk of some types of can-
cer in the general population15,23–25. In the present study, we
stratified type 2 diabetic patients by BMI to investigate the risk
of all cancers and also the risk of those cancers whose inci-
dence is known to be increased by obesity. However, the risk
of these cancers was not found to be increased in the group
with a BMI of 25.0 kg/m2 or greater in this study.
There have been a limited number of reports examining the

combined effect of type 2 diabetes and BMI on the risk of can-
cer incidence or mortality, and conflicting results have been
reported from these studies. Jee et al.8 reported an association
between the fasting serum glucose level and the risk of death
from liver cancer, and suggested that this association was not
modified by obesity. Moe and Lund-Nilsen9 investigated the
risk of development of cancer in diabetic patients, and showed
that the cancer risk was higher in the group with low physical
activity and the group with a BMI of 25.0 kg/m2 or greater.
Seow et al.10 reported that the risk of colorectal cancer was
higher in diabetic patients with a BMI of 20 to less than 24 kg/
m2, but not elevated in diabetic patients with a BMI of greater
than 24 kg/m2.
Insulin resistance, observed in both obese individuals and

type 2 diabetic patients, is known to be related to cancer cell
growth2. Why is an additive effect not observed when these
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two factors present concomitantly in a clinical setting? Other
habitual factors, such as the level of intake of vegetable and
fruit26,27, exercise habit28 or factors associated with diabetes,
such as antidiabetic drugs, might have a stronger influence than
BMI in determining the risk of cancer. Future studies are
required to assess the possible modification of the cancer risk
by these factors.
In the present study, analysis of type 2 diabetic women

showed that the cancer risk was higher in the group with a
BMI of less than 22.0 kg/m2 than in the reference category.
Types of cancer associated with leanness are known in people
in general, although no such association has been reported in
type 2 diabetic patients. The risk of development of cancer of
the head and neck is reported to be negatively correlated with
BMI29. Renehan et al.30 reported through a meta-analysis that
the risks of development of lung cancer, esophageal squamous
cell carcinoma and premenopausal breast cancer are also
negatively correlated with BMI. The FINRISK study reported a
negative correlation between BMI and the risk of development
of lung cancer and breast cancer in women, and the existence
of a J-curve relationship between BMI and the risk of all can-
cers in women31. The influence of BMI on the development of
some types of cancer appears to be affected by sex differences
and sex hormones.32,33 Hou et al.32 reported that the risk of
colon cancer is correlated with BMI in men and pre-
menopausal women, and negatively correlated with BMI in
postmenopausal women. In the future, it would be desirable to
analyze the data of a larger number of patients to clarify
whether the aforementioned findings in the general population
are also applicable to type 2 diabetic patients.
We admit that the present study had several limitations.

First, we do not have data regarding waist circumferences, body
fat content, values of inflammatory mediators, adipocytokines
or indices of insulin resistance for the participants. Second, the
results of this study were limited by the relatively small number
of patients in the cohort, which poses a danger of not finding
significance. Finally, the 5-year observation period with this
sample size was too short to obtain enough events of occur-
rence. Therefore, it is necessary in the future to analyze the
data of a larger number of patients by pooled analyses of simi-
lar studies.
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Table 2 | Incident cancers during the observation period

Men Women

Body mass index Body mass index

<22.0 ≥22.0 to
<25.0

≥25.0 <22.0 ≥22.0 to
<25.0

≥25.0

Oropharynx 2 0 1 1 0 0
Submandibular gland 0 0 1 0 0 0
Larynx 1 1 0 0 0 0
Esophageal (squamous cell cancer) 2 1 0 0 0 0
Stomach 3 7 3 2 0 1
Duodenum 0 1 0 0 0 0
Colorectal† 6 7 7 3 1 3
Liver 2 0 1 0 0 0
Gall bladder† 1 0 0 0 0 0
Biliary tract 0 0 0 2 0 0
Pancreas 1 4 0 1 0 1
Lung 2 4 4 2 0 1
Breast (postmenopausal)† 0 0 0 2 0 0
Endometrial† 0 0 0 0 0 1
Ovary 0 0 0 1 1 0
Prostate 5 5 2 0 0 0
Kidney† 2 2 0 0 0 0
Renal pelvis 0 1 0 0 0 0
Urinary bladder 1 2 1 0 1 0
Hematopoietic 0 2 2 0 0 0
Gastric gastrointerstitial stromal tumor 0 0 0 0 1 0
Adenocarcinoma of unknown origin 1 0 0 0 0 0

The table shows the types of cancer by the sex and body mass index category in the 113 cases of cancer diagnosed by the end of 2013. †Cancers
whose incidences are known to be increased by obesity in the general population15.

Table 3 | Cox proportional hazards regression analysis with body mass index adjusted for age, smoking and frequency of alcohol consumption

Body mass index

<22.0 ≥22.0 to <25.0 (reference) ≥25.0

Total cancers
Men
HR (95% CI) 0.82 (0.50–1.33) P = 0.41 1 0.67 (0.39–1.13) P = 0.13

Women
HR (95% CI) 3.07 (1.01–9.36) P = 0.048 1 1.38 (0.40–4.78) P = 0.61

Cancers for which the incidence is increased by obesity
Men
HR (95% CI) 1.05 (0.42–2.67) P = 0.91 1 0.84 (0.31–2.29) P = 0.74

Women
HR (95% CI) 6.11 (0.75–49.8) P = 0.09 1 3.11 (0.34–28.1) P = 0.31

An analysis was carried out to estimate the hazard ratios (HR) with the corresponding 95% confidence intervals (95% CI) for cancer incidence asso-
ciated with body mass index. Reference categories were participants with a body mass index between 22.0 and 25 kg/m2. The model was adjusted
for age, smoking status and drinking habits. Cancers whose risk are known to be increased by obesity in the general population are cancers of the
colorectum, breast in postmenopausal women, endometrium, kidney, thyroid and gall bladder, and esophageal adenocarcinoma15.
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