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Abstract Type 2 diabetes mellitus has been associated

with an increased risk of a variety of cancers in observa-

tional studies, but few have reported the relationship

between diabetes and cancer risk in men and women sep-

arately. The main goal of this retrospective cohort study

was to evaluate the sex-specific risk of incident overall and

site-specific cancer among people with DM compared with

those without, who had no reported history of cancer at the

start of the follow-up in January 2000. During an average

of 8 years of follow-up (SD = 2.5), we documented 1,639

and 7,945 incident cases of cancer among 16,721 people

with DM and 83,874 free of DM, respectively. In women,

DM was associated with an adjusted hazard ratio of 1.96

(95% CI: 1.53–2.50) and 1.41 (95% CI: 1.20–1.66) for

cancers of genital organs and digestive organs, respec-

tively. A significantly reduced HR was observed for skin

cancer (0.38; 95% CI: 0.22–0.66). In men with DM, there

was no significant increase in overall risk of cancer. DM

was related with a 47% reduction in the risk of prostate

cancer. These findings suggest that the nature of the asso-

ciation between DM and cancer depends on sex and spe-

cific cancer site.
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Type 2 diabetes mellitus (DM) is a leading cause of death

[1], with nearly 200 million annual deaths worldwide [2],

mainly due to its association with an increased mortality

from cardiovascular diseases [3]. A number of studies have

found that DM may alter the risk of a variety of cancers.

Several biological mechanisms have been suggested to

explain the potentially causal relationship between DM and

cancer. It was suggested [4] that abnormal immunologic,

metabolic, and hormonal characteristics of DM may promote

cancer development. Studies have also shown that DM

patients have greater oxidative damage to DNA as measured

by the concentration of 8-hydroxy deoxyguanosine in mono-

nuclear cells [5]. In addition, insulin resistance, compensa-

tory hyperinsulinemia, and elevated levels of bioactive

insulin-like growth factor (IGF-1) may result in enhanced

cell proliferation and promote cancer development [6].

Although the exact biological mechanisms underlying

the carcinogenic effects of DM are not fully understood, a

specific epidemiological association between DM and pan-

creatic cancer is well-established [7, 8]. However, it is

unclear whether DM is a risk factor for pancreatic cancer or

a potential consequence of DM, or both [9–11]. In addition,

there are a growing number of studies that suggest that DM

patients have higher rates of several other types of cancer.

For example, results from a large prospective mortality

study in the USA suggest that DM may be an independent
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risk factor for death from cancers of the colon, liver, and

female breast [12]. Smaller cohort and case–control studies

also revealed positive associations between DM and cancers

other than pancreatic cancer, such as colon cancer [13–17]

and primary liver cancer [18–21]. The association of DM

with other types of cancer, such as breast [19, 22–25], biliary

tract [26], kidney [27–29], and non-Hodgkin’s lymphoma

[30], has not been fully established.

In women, several studies reported an elevated risk of

ovarian cancer [19, 21, 24, 26, 31, 32] and endometrial

cancer [33]. In contrast, in men, diabetes was associated

with a reduced risk of prostate cancer [34–37]. This has

been explained by hormone-related mechanisms including

sex steroid hormones, insulin, and insulin-like growth

factors. Previous studies reported a difference in the

magnitude of cancer risk between men and women, such as

liver, colon, and stomach cancer [38–40]. These sex-spe-

cific differences in the association between DM and cancer

require more careful analyses.

Most previous epidemiologic studies on DM and cancer

were limited due to the use of self-reported information

about DM status, relatively small study populations, and

limited follow-up periods. In addition, many studies

examined cancer mortality, but not incidence. Since DM

patients with cancer have a poorer survival rate [12, 41],

independent of tumor stage and grade, cancer mortality

may not represent true risk estimates, particularly for rarer

cancers and cancers with low fatality rates.

The main goal of the current retrospective cohort study

was to evaluate the risk for incident overall and site-spe-

cific cancer among men and women, with and without DM,

in a large health maintenance organization (HMO) in Israel

using its automated clinical databases.

Methods

Settings

The retrospective cohort study was conducted in Maccabi

Healthcare Services (MHS), the second largest HMO in Israel,

serving about 25% of the total population (1.8 million mem-

bers) countrywide. According to the 1995 Israeli National

Health Insurance Act, MHS may not bar any citizen who

wishes to join it, and therefore every section in the Israeli

population is represented in MHS. According to the most

recent report of the Israel National Insurance [42], the mean

age and proportion of women among MHS members (31.0

years, 48.6%) is similar to the general population (32.4 years,

48.9%); however, due to historical circumstances, MHS have

a higher proportion of recent new immigrants (19.8%) and a

lower coverage among the non-Jewish population.

Since 1997, information on all members’ interactions

(i.e., visits to outpatient clinics, hospitalizations, laboratory

tests, and dispensed medications) are downloaded daily to a

central computerized database. In addition, MHS has

developed and validated computerized registries of patients

suffering from major chronic diseases, including ischemic

heart disease, hypertension, and DM [43].

Study population

The MHS registry of DM patients has been described in

detail elsewhere [44]. Briefly, the registry was constructed

in 1999 by an automated search in the MHS computerized

databases using the disease criteria suggested by the

American Diabetes Association [45]. Since the cohort

included prevalent diabetes cases, who were already treated

at baseline and have normal glucose concentrations, the

MHS DM registry also included all patients who purchased

two or more monthly packs of hypoglycemic medications

(HG) or insulin during a six-month period, had a history of

at least one HgA1c test of C7.25%, or a validated physi-

cian diagnosis of DM [43]. The registry is continuously

validated by computerized feedbacks from practitioners

[46].

Using the DM registry, we identified all prevalent DM

cases aged 21 or older that were identified prior to index

date and were continuously insured by MHS for a period of

at least 3 years. The DM-free group was comprised of

cancer-free members of the HMO, who had visited their

family physicians prior to start of the follow-up but were

never diagnosed with DM or laboratory tests suggestive of

DM or glucose intolerance. DM-free patients were fre-

quency matched to cases by age (±1 year) and gender in a

ratio of 5–1 to insure comparable representation on these

two important variables. The follow-up period was from 1

January 2000 (index date) to the date of incident cancer

diagnosis, death, discontinuation of coverage by MHS, or

31 August 2008 (whichever occurred first).

Study outcome assessment and ascertainment

Data on cancer occurrence during study follow-up period

were obtained from the Israel Cancer Register (ICR). The

ICR was established in 1960, and it collects information of

diagnosed cancer cases from all medical institutions in the

country, covering above 90% of diagnosed cancer cases

[47]. All cancer cases were classified according to the

International classification of Diseases (ICD-9) and

include histological findings. The MHS DM registry and

the ICR were cross-linked by the members’ individual

unique identifying number.
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Other study variables

To allow for the correction for potential confounders, we

obtained the following personal data: demographic vari-

ables: age, sex, marital status, place of residence, years of

stay in Israel, and socioeconomic level defined according to

the poverty index based on patient’s residence, according

to the latest national census [48]. SES data were unavail-

able for 14.0% of the DM patients and 14.3% of the DM-

free subjects. Severity of diabetes was measured by the

median of HgA1C level during the follow-up period, use of

hypoglycemic medication or insulin a year prior to index

date. Smoking history at index date was available only for

15% of the study population. Earliest measurement of body

mass index (BMI) prior to end of follow-up was obtained

from medical records and categorized as follows: \25,

25–29.9, 30 kg/m2. The study has been approved by the

MHS ethics committee.

Statistical analyses

All statistical analyses were conducted using a standard

statistical package (SPSS 15.0, SPSS, Chicago, IL).

Cancer-free time-interval was calculated from index date

until first study outcome using the Kaplan–Meier method.

The log-rank test was used to test for differences in

cumulative survival to cancer by DM status. Cox regres-

sion [49] was used to estimate hazard ratios (HR) and 95%

confidence intervals (CI) of overall and site-specific cancer

incidence. To examine the potential reverse causality bias,

we repeated the analyses limiting it to subjects with at least

5 years of follow-up.

Results

Table 1 shows baseline characteristics for the study popu-

lation. For both the DM patients and non-DM subjects, the

average age at index date was 62 years (SD = ±13 years),

and 47% were women. At baseline, DM patients had a sig-

nificantly higher number of visits to primary care clinics,

hospitalizations, and surgical procedures in the year prior to

index date. They were more likely to be married and to have

lived in Israel for more years than non-DM patients.

During an average of 8 years (SD = 2.5) of follow-up,

we documented 1,639 and 7,945 incident cases of cancer

Table 1 Descriptive data for

study participants at start of the

follow-up period

* Earliest measurement prior to

end of follow-up

** Data were available for 31.0

and 14.6% of DM and DM-free

participants, respectively

Baseline characteristics DM patients

(n = 16,721)

DM-free

(n = 83,874)

p

Age in years (mean ± [SD]) 61.6 ± 13.1 61.6 ± 13.4 NS

Sex (% men) 52.6% 52.6% NS

Residence (% in central Israel) 71.6% 69.8% \0.001

Marital status (% married) 75.9% 70.2% \0.001

Socio-economic level \0.001

Lowest quartile 20.2% 23.4%

2 quartile 23.2% 23.0%

3 quartile 18.4% 18.2%

Highest quartile 23.9% 21.3%

NA 45.1% 14.1%

Body mass index* (kg/m2) \0.001

\25 16.1% 12.4%

25–30 23.6% 25.5%

30? 15.2% 27.8%

NA 45.1% 34.2%

Smoking**

Never smoker 82.2% 84.2% 0.005

Past smoker 7.4% 6.5%

Current smoker 10.4% 9.4%

Cardiovascular diseases 11.4% 4.3% \0.001

Healthcare utilization in the year prior to index date

Physician visits (mean ± [SD]) 24.9 ± 18.5 11.5 ± 14.5 \0.001

Hospitalizations 19.4% 9.2% \0.001

Surgeries 0.6% 0.3% \0.001

Colonoscopy 1995–1999 1.1% 1.5% \0.001
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among 16,721 DM patients (128,419 Person-Years) and

83,874 DM-free patients (671,086 PY), respectively. The

incidence density rates of cancer were, therefore, 13.09

(95% CI: 12.48–13.73) and 11.89 (11.59–12.15) per 1,000

PY in DM patients and DM-free subjects, respectively. In

women and men, breast cancer and prostate cancer com-

prised 26.8% and 26.0% of all cancers, respectively.

Cancers of the digestive system organs comprised 23.2% of

all cancer in men and 24.6% of all cancer among women.

Patients that were diagnosed with metastases or cancer of

uncertain type (n = 695) were excluded from further

analysis.

A statistically significant increase in the risk of total

cancer incidence was observed in women with DM, but not in

men (Table 2). In women, DM was associated with an

adjusted hazard of 1.52 (95% CI: 1.28–1.80) and 1.96 (95%

CI: 1.53–2.50) for cancers of digestive organs and genital

organs, respectively. Significantly reduced HRs were cal-

culated for skin cancer (0.38; 95% CI: 0.22–0.66) in women

and for prostate cancer (0.53; 95% CI: 0.56–0.74) in men.

A more specific analysis of female genital cancer cases

indicate that DM was associated with increased risk of

cancer of most relevant organs including uterus and ovaries

(Table 3). When cancers of the digestive organs were

examined by specific site (Table 4), higher HRs were

observed for colon cancer (1.52; 95% CI: 1.19–1.95),

pancreas (1.89; 95% CI: 1.16–3.07), and gallbladder (4.05;

95% CI: 1.88–8.69) among women with DM in comparison

with non-DM women. None of the HRs for these cancers

was elevated among men with DM. To investigate whether

the increased risk of colon cancer among patients with DM

is confounded by higher rate of screening, we included data

regarding colonoscopies performed during a period of

5 years prior to index date in the multivariable model.

Although performing colonoscopy was positively associ-

ated with higher risk of colon cancer with HR of 1.30 (95%

CI: 0.71–2.38) and 1.58 (95% CI: 0.78–3.20) among men

and women, respectively, it did not affect the association

between DM status and colon cancer.

Table 2 Hazard ratio (HR) and 95% confidence interval (CI) of incident primary cancer among 16,721 diabetes patients and 83,874 non-DM

patients, Maccabi Healthcare Services

Women Men

Cases

(DM/DM-free)

HR 95% CI HR* 95%

CI

Cases

(DM/DM-free)

HR 95% CI HR* 95% CI

All cancersa 719/3,134 1.25 1.16–1.36 1.23 1.13–1.34 815/4,309 1.02 0.94–1.10 0.99 0.92–1.07

Digestive organs 185/732 1.41 1.20–1.66 1.52 1.28–1.80 220/1,051 1.13 0.98–1.31 1.22 1.04–1.42

Genital organs** 101/274 1.98 1.58–2.49 1.96 1.53–2.50 172/1,272 0.63 0.62–0.86 0.53 0.56–0.74

Breast 197/970 1.09 0.93–1.27 1.00 0.86–1.19 3/11 1.45 0.41–5.21 1.30 0.34–5.01

Urinary organs 43/166 1.43 1.03–2.00 1.24 0.87–1.78 124/572 1.17 0.96–1.42 1.11 0.90–1.36

Hematological neoplasm 65/310 1.14 0.88–1.49 1.07 0.80–1.42 78/380 1.09 0.86–1.40 1.05 0.81–1.37

Skin 15/181 0.45 0.27–0.77 0.38 0.22–0.66 45/230 1.04 0.76–1.43 0.90 0.65–1.26

Respiratory system 33/167 1.12 0.77–1.63 1.15 0.77–1.70 88/385 1.23 0.98–1.55 1.52 1.18–1.95

Head and neck 8/70 0.60 0.29–1.25 0.61 0.28–1.27 20/120 0.88 0.55–1.41 0.90 0.54–1.48

Brain and nervous system 4/37 0.58 0.21–1.63 0.67 0.23–1.98 8/55 0.76 0.36–1.60 1.04 0.47–2.29

Thyroid gland 19/62 1.61 0.96–2.69 1.46 0.83–2.56 4/29 0.72 0.25–2.04 0.83 0.28–2.51

Bone and connective tissue 4/17 1.35 0.45–4.02 1.19 0.38–3.75 8/32 1.31 0.60–2.84 1.12 0.49–2.57

Kaposi’s sarcoma 4/8 3.03 0.91–10.14 3.30 0.90–12.17 12/23 2.84 1.41–5.71 2.38 1.12–5.04

Other/unknown 41/140 1.69 1.19–2.40 1.87 1.28–2.71 33/149 1.21 0.83–1.76 1.23 0.82–1.84

* Adjusted for age, region, SES level, use of healthcare services a year prior to index date, BMI, and history of cardiovascular diseases

** In men, mostly (99%) prostate cancer. Ten cases of testicular cancer, one case of scrotal cancer, and one case of penile cancer
a Patients that were first diagnosed with metastases or cancer of uncertain type (284 females and 411 males) were excluded from analysis

Table 3 Adjusted* hazard ratio (HR) and 95% confidence interval

(CI) of incident primary cancer of female genital organs among 7,937

diabetes patients and 39,782 non-DM patients, Maccabi Healthcare

Services

Women

Cases (DM/DM–free) HR 95% CI

Uterus 53/124 2.00 1.41–2.84

Ovary 24/64 2.39 1.43–4.00

Cervix 7/35 1.43 0.59–3.47

Other/unknowna 17/50 2.17 1.18–3.99

* Adjusted for age, region, SES level, use of healthcare services a

year prior to index date, BMI, and history of cardiovascular diseases
a Including vulva (n = 16), fallopian tube (n = 5), vagina (n = 4),

and other or unknown (n = 43)
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When analyses were limited to DM patients with at least

5 years of follow-up (13,664 and 71,718 in patients with

and without DM, respectively), results were similar to the

initial analysis. Among men, the HR for Kaposi’s sarcoma

reached 6.44 (95% CI: 1.62–25.61), substantially higher

compared with the initial analysis (Table 5).

In women, DM was associated with a significantly ele-

vated adjusted-HR for the following cancers of digestive

organs: esophagus (16.70; 95% CI: 2.72–102.68), pancreas

(2.05; 95% CI: 0.89–4.74), and gallbladder (8.08; 95% CI:

1.52–43.07). The HR for colon cancer was 1.16 (95% CI:

0.76–1.76). None of these cancers was significantly higher

Table 4 Adjusted* hazard ratio (HR) and 95% confidence interval (CI) of incident primary cancer of digestive organs among 16,721 diabetes

patients and 83,874 non-DM patients, Maccabi Healthcare Services

Any follow-up

Women Men

Cases

(DM/DM-free)

HR 95% CI Cases

(DM/DM-free)

HR 95% CI

Colon 92/360 1.52 1.19–1.95 100/482 1.14 0.91–1.44

Rectum 26/138 1.08 0.69–1.69 34/198 1.10 0.74–1.61

Stomach 14/92 0.99 0.55–1.80 37/164 1.44 0.98–2.11

Pancreas 25/78 1.89 1.16–3.07 23/91 1.47 0.90–2.41

Liver** 8/19 2.42 1.00–5.84 10/36 1.83 0.86–3.89

Gallbladdera 13/22 4.05 1.88–8.69 5/25 1.42 0.51–3.98

Esophagus 4/10 2.66 0.77–9.21 6/30 1.06 0.42–2.72

Small intestine 1/5 1.56 0.16–14.92 2/15 0.86 0.18–4.14

Anus 1/8 1.20 0.13–11.00 1/3 2.15 0.21–22.62

Other/unknown 0/1 – – 2/7 1.48 0.27–7.93

* Adjusted for age, region, SES level, use of healthcare services a year prior to index date, BMI, and history of cardiovascular diseases

** Including intrahepatic bile ducts
a Including extrahepatic bile duct

Table 5 Adjusted* hazard ratio (HR) and 95% confidence interval (CI) of incident primary cancer among 13,664 diabetes patients and 71,718

non-DM patients with at least 5 years of follow-up, Maccabi Healthcare Services

Women Men

Cases

(DM/DM-free)

HR 95% CI Cases

(DM/DM-free)

HR 95% CI

All cancers 275/1,309 1.20 1.05–1.38 367/1,864 0.95 0.84–1.07

Digestive organs 64/290 1.46 1.09–1.95 82/419 1.18 0.91–1.52

Genital organs 45/111 2.35 1.60–3.46 78/596 0.63 0.49–0.81

Breast 78/417 0.98 0.76–1.27 0/6 0.67a 0.07–6.01

Urinary organs 18/72 1.22 0.70–2.12 54/253 1.13 0.83–1.55

Hematological neoplasm 18/121 0.79 0.47–1.34 30/170 0.95 0.63–1.43

Skin 8/85 0.45 0.21–0.95 13/107 0.56 0.31–1.01

Respiratory system 10/80 0.85 0.43–1.68 34/143 1.76 1.17–2.64

Head and neck 2/20 0.64 0.14–2.97 7/45 0.82 0.35–1.89

Thyroid gland 8/25 1.78 0.73–4.16 0/14 0.52a 0.06–4.32

Brain and nervous system 2/15 1.00 0.21–4.76 4/20 2.20 0.67–7.20

Bone and connective tissue 1/7 0.95 0.11–8.66 3/12 1.06 0.27–4.17

Kaposi’s sarcoma 1/2 1.80 0.14–23.35 6/4 6.44 1.62–25.61

Other/unknown 20/64 2.06 1.20–3.55 16/75 1.17 0.65–2.09

* Adjusted for age, region, SES level, and use of healthcare services a year prior to index date
a There were no cases among DM patients. To allow coefficient converging, one case was assumed
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among men with DM. The adjusted HRs for uterine cancer

and ovarian cancer associated with DM were 2.61 (95% CI:

1.48–4.60) and 1.83 (95% CI: 0.72–4.63), respectively.

When analyses were stratified by age groups and gender

categories, there was no significant (p [ 0.1) heterogeneity

for any type of cancer. However, the increased HR of

digestive organs cancer in DM women has been attenuated

with increasing age (Fig. 1).

Discussion

Results of this large, population-based retrospective cohort

study suggest that diabetes mellitus in women may be an

independent risk factor for cancer of digestive system

organs (i.e., pancreas, colon, liver, and gallbladder) and

genital organs (i.e., uterus and ovaries). Our findings also

indicate that unlike in women, men with diabetes do not

have a significantly increased risk to develop digestive

system cancers and are also less likely to develop prostate

cancer. The findings from the current study suggest that the

nature of the association between DM and cancer depends

greatly on sex, age, and specific cancer site and should be

discussed separately.

A large meta-analysis that included 25 studies published

between 1996 and 2005 has found a 33% increase in the

risk of colorectal cancers among DM patients [50]. Inter-

estingly, the summary RR from seven studies for colon

cancer alone was 1.43, a result which is comparable to our

estimates for women. However, most studies described in

the above-mentioned meta-analysis did not find a differ-

ence in cancer incidence between DM men and women,

and only one found a significant increase of cancer in DM

women, but not in men [40]. Nilsen and Vattern (2001)

suggested that the difference in the magnitude of risk

between genders was due to an increased medical

surveillance in women [40]. However, in our study,

adjustments for history of colonoscopy did not change the

risk estimates for colon cancer.

Our findings are in contrast to the Nurses’ Health Study

in which women suffering from DM for a long period of

time had a reduced risk of colon cancer [51]. This dis-

crepancy can be explained by the fact that in the Nurses’

Health Study the risk attenuation was observed only after

15 years, when pancreatic failure leading to reduced

secretion of insulin ensued. The present analysis was lim-

ited to a follow-up period of less than 10 years, which was

probably insufficient to investigate long-term effects.

A meta-analysis of 17 case–control and 19 cohort or

nested case–control studies found that in women DM is

associated with a RR of 1.57 for developing pancreatic

cancer [52]. This risk estimate is well within the 95% CI

calculated in our analysis. However, in men, the significant

summary RR reported in the above meta-analysis does not

agree with the weak and insignificant association found in

our study. When analyses were limited for patients with

more than 5 years of follow-up, the association between

DM status and pancreatic cancer in women remained high,

supporting a causal relationship between diabetes and

pancreatic cancer and not the idea of reverse causality.

In agreement with previous studies [51, 53–55], we

found that women with DM are at increased risk of colon

cancer, but not rectal cancer. Furthermore, in these studies

the risk of colon (proximal or distal) cancer and rectal

cancer were comparable with our risk estimates. Because

tumors in the colon and rectum differ with respect to their

risk factors, these findings may hint at potential etiologies.

For example, the higher susceptibility of the colon rather

than the rectum to the effects of insulin [56] may explain

the protective effects of physical activity which reduces

insulin levels, against colon cancer but not rectal cancer.

A major limitation of the current study was lack of

information on important risk factors for colon cancer such

as physical activity or visceral adiposity. However, previ-

ous large prospective studies in DM patients that examined

the risk of colorectal cancer in men and women separately

[38, 57] indicated that these potential confounders had little

effect on the calculated risk estimates. BMI during follow-

up period was available only for 55% of the DM cases and

66% of the DM-free participants. Our analyses indicated

that BMI was negatively associated with cancer of diges-

tive organs. Therefore, since DM patients had higher BMI

compared with DM-free subjects, the calculated associa-

tion between DM and cancer of digestive organs could be

underestimated. There was no significant effect on other

types of cancer.

A meta-analysis including 19 studies published through

2005 showed that men with diabetes have a *16% lower

risk of developing prostate carcinoma. Sub-analysis of ten

Fig. 1 Relative risk (RR) and 95% confidence interval (CI) for

digestive organs cancer associated with diabetes mellitus, by age and

sex, Maccabi Healthcare Services
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studies that controlled for at least three potential con-

founders yielded an overall HR of 0.73 (95% CI: 0.65–

0.85) that is within the 95% CI of our risk estimates.

Similar results were found in a recently published popu-

lation-based cohort study [58]. The biological mechanism

by which DM may reduce the risk of prostate cancer is

unclear. A hypothetical explanation is that serum levels of

insulin correlate negatively with circulating levels of tes-

tosterone providing an environment that is protective

against proliferation of prostate tumor cells [58]. Others

have hypothesized that the negative association between

DM and prostate cancer across many populations may

relate to a common variant in the hepatocyte nuclear fac-

tor-1 b gene (HNF1b) that was associated with an elevated

risk of prostate cancer and a decreased risk of type 2 dia-

betes [59].

Previously published case series analysis from Israel

[60] and a case–control study from Italy [61] suggested that

DM was strongly related with Kaposi’s sarcoma in both

men and women. However, since DM patients are more

likely to have careful and frequent clinical inspection of the

lower limbs, where lesions often initiate, the observed

association could be the result of detection bias. None-

theless, in a previous study the increased risk of classical

Kaposi sarcoma was calculated also among patients in

whom the initial lesion was not detected on legs or feet

[61].

The association between DM and gallbladder cancer has

be examined in few studies [62–65], yet none of them

found a significant association between the two. To the best

of our knowledge, our study is the first to report a strong

and statistically significant association between DM and

gallbladder cancer in women, but not in men.

We observed no significant association between DM and

female breast cancer. A meta-analysis of 26 studies that

was published in 2007 found a pooled odds ratio of 1.15 for

breast cancer in DM patients (95% CI: 1.12–1.19) [66].

Although similar point estimate (RR = 1.16) was calcu-

lated when analyses were limited to cohort studies, the

authors reported on considerable heterogeneity in results,

where none of seven cohort studies with less than 500

breast cancer cases could demonstrate significant results.

Hence, our insignificant results can be explained by

insufficient statistical study power due to relatively small

increase in risk and lack of information on important

confounders such as nutrition and family history.

Several limitations of our analysis must be noted. First,

the potential for inaccurate coding and limited clinical

information from electronic records that exists for any

study using automated database compared to careful chart

review [67]. Also, although the present study was one of

the largest undertaken to determine the relationship

between DM and cancer, it still had a limited statistical

power to detect a small increase in risk of rare cancers.

Since the exposed study population included prevalent DM

cases rather than incident DM cases, we had limited

information on patients who died soon after diagnosis with

diabetes. This duration ratio bias that can be thought of as a

type of differential selection bias could have resulted in

underestimation of the true association [68].

The findings of the present study, and particularly, the

discrepancy between genders in the risk associated with

DM, may help to better understand the underlying path-

ways for the development of specific tumors. It may also

support the development of primary and secondary pre-

vention programs aimed at women with diabetes and

increased awareness of DM patients and healthcare per-

sonnel to the importance of cancer prevention efforts.
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