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Significantly increased risk of cancer in diabetes
mellitus patients: A meta-analysis of
epidemiological evidence in Asians and

non-Asians

Hiroshi Noto'?*, Tetsuro Tsujimoto’?, Mitsuhiko Noda'?

ABSTRACT

Aims/Introduction: Emerging evidence from observational studies suggests that diabetes mellitus affects the cancer risk. However,
whether there are differences in the magnitude of the influence of diabetes among ethnic groups is unknown.

Materials and Methods: We searched MEDLINE and the Cochrane Library for pertinent articles that had been published as of

4 April 2011, and included them in a meta-analysis of the risk of all-cancer mortality and incidence in diabetic subjects.

Results: A total of 33 studies were included in the meta-analysis, and they provided 156,132 diabetic subjects for the mortality
analysis and 993,884 for the incidence analysis. Cancer mortality was approximately 3%, and cancer incidence was approximately 8%.
The pooled adjusted risk ratio (RR) of all-cancer mortality was significantly higher than for non-diabetic people (RR 1.32 [Cl 1.20-145]
for Asians; RR 1.16 [Cl 1.01-1.34] for non-Asians). Diabetes was also associated with an increased RR of incidence across all cancer
types (RR 1.23 [Cl 1.09-1.39] for Asians; RR 1.15 [Cl 0.94-143] for non-Asians). The RR of incident cancer for Asian men was signifi-

cantly higher than for non-Asian men (P = 0.021).

Conclusions: Diabetes is associated with a higher risk for incident cancer in Asian men than in non-Asian men. In light of the
exploding global epidemic of diabetes, particularly in Asia, a modest increase in the cancer risk will translate into a substantial
socioeconomic burden. Our current findings underscore the need for clinical attention and better-designed studies of the complex
interactions between diabetes and cancer. (J Diabetes Invest, doi: 10.1111/j.2040-1124.2011.00183.x, 2012)
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INTRODUCTION

Emerging evidence from observational data and meta-analyses
of the data suggest that diabetes mellitus is associated with an
increased risk of cancer. The mechanisms responsible for the
increase in risk have yet to be investigated, but as insulin might
have a mitogenic effect through binding the insulin-like growth
factor-1 receptor' ™", insulin resistance and secondary hyper-
insulinemia is the most frequently proposed hypothesis and
hyperglycemia itself might promote carcinogenesis'>™"*. How-
ever, the possibility of methodological issues, bias and occult
malignant tumors cannot be completely excluded. Meta-analyses
have shown that diabetes increases the risks of total cancer'*
and of site-specific cancers of the breast”, endometrium®,
bladder®, liver**, colorectum® and pancreas’®”, and that it

decreases the risk of prostate cancer”*’,
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The same as in Western countries, the prevalence of diabetes
is markedly increasing in Asia. This trend is presumably attrib-
utable to the rapid Westernization of people’s lifestyle, a trend
that is likely shared by the majority of Asian populations™.
Although cardiovascular disease is the main cause of mortality
in Western countries and patients with diabetes have a high risk
of such disease, cancer is the leading cause of death in Asian
countries, including Japan®*>. As the current diabetes epidemic
and the higher mortality in cancer patients with diabetes™, par-
ticularly in Asia, will translate into crucial clinical and public
health consequences on a global scale, attention should be direc-
ted to elucidating the association between these diseases in pop-
ulations with increased risks to make timely, rational and
informed decisions, not only in the public health area and socio-
economic area, but also for the prevention and targeted manage-
ment of diabetes in routine clinical practice both domestically
and globally.

The aforementioned circumstances prompted us to more pre-
cisely investigate the effect of diabetes on all-cancer mortality
and incidence among Asians and non-Asians by carefully
reviewing pertinent original reports and combining their data in
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an attempt to obtain meaningful clues to the prevention and
management of cancer in diabetes.

MATERIALS AND METHODS

Data Sources and Searches

Searches of MEDLINE and the Cochrane Library from their
inception until 4 April 2011 were carried out, and articles that
reported investigations of cancer mortality and incidence in dia-
betic patients and non-diabetic subjects were extracted. Relevant
reports were identified by using a combination of the following
medical subject headings as search terms: ‘diabetes’, ‘cancer’ or
‘neoplasms’, and risk’ or ‘risk factors’. The literature reference
lists of the pertinent articles were also examined.

Relevant reports included those of observational studies that
evaluated type 2 diabetes, but not reports of studies that focused
on impaired glucose tolerance/impaired fasting glucose, or solely
type 1 diabetes. Cohort, case-control and cross-sectional studies
carried out to evaluate the risk of cancer based on original data
analyses were assessed to determine their eligibility for inclusion
in a qualitative analysis, and those of them that reported risk
ratios (RR), that is, hazard ratios (HR), relative risks or odds
ratios (OR) adjusted for possible confounders with confidence
intervals (CI), were eligible for inclusion in the meta-analysis.

Data Extraction and Quality Assessment

We reviewed each full-text report to determine its eligibility,
and extracted and tabulated all of the relevant data indepen-
dently. The majority of the studies that were included had been
systematically reviewed elsewhere'®”, and the additional
studies*** used for inclusion in the present analysis were evalu-
ated in the same manner: the data extracted included the sub-
jects’ characteristics (including age, sex and comorbidities),
study design, study years, follow-up period, and the methods
used to ascertain the presence or absence of diabetes and cancer.
Any disagreement was resolved by consensus among the investi-
gators. To ascertain the validity of the eligible studies, the quality
of each report was appraised in reference to the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) statement™.

Data Synthesis and Statistical Analysis

If more than one study was published in regard to the same
cohort, the report with information on the most comprehensive
population was included to avoid overlapping populations. This
process resulted in the exclusion of two articles from the meta-
analysis'®*?, Another investigation, carried out on diabetic
patients with autopsy-proven nephropathy®, was also excluded,
because cohorts with this condition are rare, and the generaliz-
ability of the findings was deemed to be poor.

The reports were summarized quantitatively into a meta-
analysis. The individual RR were combined, and the pooled RR
adjusted for possible confounders with 95% CI was calculated
by using the random-effects model with inverse-variance
weighting. If not provided in the original study, the RR for the
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men and women combined was estimated before pooling. The
equality of RR between Asian and non-Asian studies were
assessed by using z-statistic tests. Heterogeneity among studies
was evaluated using I* statistics. The possibility of a publication
bias, which can result from non-publication of small studies
with negative findings, was assessed visually by using a funnel
plot for asymmetry. Subgroup analyses for each sex were carried
out to further elucidate the impact of the risk of all-cancer mor-
tality and incidence in diabetic patients. The RevMan software
program (version 5.1, The Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark) was used to
make all of the calculations. All of the procedures were in accor-
dance with the guidelines for the meta-analysis of observational
studies in epidemiology** and the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) statement™.

RESULTS

Search Results

A total of 1514 citations were identified during our search, and
45 of them were evaluated as eligible for inclusion in our meta-
analysis aimed at determining the influence of diabetes on all-
cancer mortality and all-cancer incidence among Asians and
non-Asians (Figure 1). The 33 (31 cohort studies, one cross-
sectional study and one case—control study) of these 45 articles
that provided sufficient information were included in the
meta-analysis. The 33 articles'>**>**"" that were selected for
inclusion in the meta-analysis were moderately heterogeneous in
terms of the population demographics and assessment of con-
founding factors, and the methodological quality of the majority
of the studies included was fair®® (data not shown for the
additional data®*°). The sizes of the diabetic patient samples in
the studies ranged from 224 to 594,815. Cancer mortality and
cancer incidence were approximately 3 and 8%, respectively.

Quantitative Summary (Meta-analysis)
As shown in Figures 2 and 3, the diabetic patients worldwide
had a significantly increased risk of all-cancer mortality in com-

26 Additional records identified
database searching through other sources

N

1514 Records screened

I

45 Full-text articles
assessed for eligibility

I

33 Articles included in
meta-analysis

1488 Records identified through

1469 Records excluded after
abstract review

12 Full-text articles excluded
2 Overlapping populations
2 Atypical cohort
8 No pertinent data

Figure 1 | Summary of the procedure used to select studies for
inclusion in the meta-analysis.
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Risk ratio
Study or Subgroup n Weight IV, Random, 95% Cl
Asians
Jee etal'®, 2005 62,924 85.0%
Oba et al®, 2008 1217 7.7% R
Fujino et al°, 2001 364 7.3% E—
Total (95% Cl) 100.0% 1.32[1.20, 1.45] <®
=14% (P=031)
Non-Asians
Wong etal.’!, 1991 4186 9.2% .
Smith et al*°, 2006 282 3.5% _
Moss et al>®, 1991 1772 8.8% .
0 —
Swerdlow et al®®, 2005 5066 9.9%
Verlato et al®, 2003 7148 10.4% b
Bruno et al*, 1999 1967 8.0% —+—
Guetal®', 1998 710 1.9% _
Saydah et al®, 2003 427 3.3% —_—
Koskinen et al>>, 1998 58,000 9.5% -
Zhou etal®, 2010 3759 9.8% |~
Levine et al*® 1990 643 6.1% —
Landman et al®’, 2010 1353 9.1% -
Tierney et al>’, 2001* 4287 9.5% ,
Sievers et al®, 1996 1562 1.0%
Total (95% Cl) 1000%  1.16[101,1.34] &
I = 85% (P < 0.00001)
Overall
Total (95% Cl) 1000%  1.211[1.08,1.34] *
12 = 84% (P < 0.00001) I

Figure 2 | Adjusted risk ratios (RR) for all-cancer mortality among the subjects with diabetes. *Cross-sectional study. Boxes, estimated RR; bars, 95%

confidence intervals (Cl); diamonds, RR; width of diamonds, pooled Cl.

parison with the non-diabetic subjects. The adjusted RR for both
men and women were also significantly higher, and the RR were
consistently higher for Asians than for non-Asians across the
analyses, although they did not reach statistical significance
(P=0.130 for men and women; 0.086 for men; 0.536 for
women). As shown in Figures 4 and 5, diabetes was also associ-
ated with an increased RR of incidence across all cancer types
worldwide, and the RR was significantly higher for Asian men
than for non-Asian men (P = 0.585 for men and women; 0.021
for men; 0.467 for women). Significant heterogeneity was
observed across these studies. No clear publication bias was
detected by a funnel plot assessment (data not shown).

DISCUSSION

We recently showed a worldwide increased risk of all-cancer
mortality and incidence among diabetic patients in a meta-anal-
ysis of population-based observational reports of epidemiological
data®. In the present study we found associations between dia-
betes and a moderately increased risk of all-cancer mortality
and all-cancer incidence among both Asians and non-Asians,
and confirmed the worldwide trend® with the updated data.
Few reports have addressed the risk of total cancer in diabetes,
and, to the best of our knowledge, ours is the first meta-analysis
to compare the magnitude of risk in different races. Our find-

ings are of considerable clinical and socioeconomic importance,
because the cancer risk proved to be significantly increased in
the rapidly growing Asian diabetic population as well, and the
risk increment in incidence was found to be larger for Asian
men than for the diabetic men in the other areas.

The strength of the present study lies in the fact that the anal-
ysis regarding overall cancer was mainly based on large popula-
tion-based cohorts from several different countries and ethnic
groups, and was carried out with high levels of precision and
generalizability. Although the pooled RR were robust, the results
of the component studies were statistically heterogeneous. The
large I values showed that the range of plausible risk estimates
is wide, but there was very little evidence in our analysis to sup-
port a protective effect of diabetes on all-cancer incidence and
mortality. These findings might reflect the different mechanisms
of development of cancer at different sites and/or different epi-
demiological characteristics among the diverse populations.

Type 2 diabetes is characterized by insulin resistance and
compensatory hyperinsulinemia, and people with type 2 diabe-
tes are typically obese and lead sedentary lives, both of which
also contribute to their hyperinsulinemia. It has been postulated
that insulin has a mitogenic effect by multiple and complex
mechanisms. First, insulin might bind and activate its related
insulin-like growth factor-1 receptor, which is the most fre-
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n-Asians

Cancer risk in Asians an

Men Risk ratio
Study or Subgroup n Weight IV, Random, 95% Cl
Asians
Jee etal’s, 2005 41,868 98.4% B
Oba et al*, 2008 794 1.6% —
Total (95% CI) 100.0% 1.271122,1.33] ¢

=0% (P=0.79)
Non-Asians
Wong etal”!, 1991 2132 10.2% —
Moss et al*®, 1991 NR 6.6% e
Bruno et al*®, 1999 838 9.0% —
Verlato et al®®, 2003 3366 13.7% -
Smith et al®, 1992 224 5.4% —_—
Guetal®', 1998 293 1.0%
Koskinen et al>, 1998 24,000 14.3% -
Alderberth et al*’, 1998 248 6.0% —_
Levine et al.8, 1990 425 5.4% e
Sievers et al®, 1996 662 0.6% 3
Zhou et al®, 2010 1953 121% ——
Tierney et al¥’,2001* NR 10.4% —_—
Balkau et al*®, 1991 298 54% _—
Total (95% Cl) 100.0% 1.13[0.99,1.29] g
/2= 73% (P < 0.00001)
Overall
Total (95% Cl) 100.0% 1.16[1.05,1.28] L > L
1= 74% (P < 0.00001) 0507 155
Women ) Risk ratio
Study or Subgroup n Weight IV, Random, 95% Cl
Asians
Jee etal”®, 2005 21,056 72.5% [ ]
Oba et al®®, 2008 423 27.5%
Total (95% Cl) 1000%  145[1.05,1.99] o
=52% (P=0.15)
Non-Asians
Wong etal’, 1991 2054 12.0% ——
Moss et al*®, 1991 NR 10.0% —
Verlato et al®?, 2003 3782 16.2% ——
Guetal®, 1998 417 1.2%
Bruno etal®, 1999 1129 11.2% 1—
Zhou etal®®, 2010 1806 12.9% —_
Koskinen et al*®, 1998 34,000 17.3% -
Tierney etal*’, 2001* NR 14.7% —_
Levine et al*®, 1990 218 4.1% 1
Sievers et al®, 1996 900 0.5% >
Total (95% CI) 100.0% 129[1.11,1.49] L 2
12=76% (P < 0.0001)
Overall
Total (95% Cl) 100.0% 131[1.17,147) L ’. )
2_ 799 + +—t
=72% (P< 0.0001) 05 07 1 155

Figure 3 | Adjusted risk ratios (RR) for all-cancer mortality among men and women with diabetes. *Cross-sectional study. Boxes, estimated RR; bars,

95% confidence intervals (Cl); diamonds, RR; width of diamonds, pooled Cl.

NR, not reported.

quently proposed mechanism to explain the clearly increased
risk of cancer in diabetic patientsl"“. Second, hyperinsulinemia
might increase the risk of certain cancers by increased insulin
receptor signaling, leading to proliferative and anti-apoptotic

effects’”. Finally, the mitogenic activity of insulin might be
enhanced at the cellular level by post-receptor molecular mecha-
nisms, including insulin residence time on the receptor and the
intracellular upregulation of the insulin mitogenic pathway’.

© 2011 Asian Association for the Study of Diabetes and Blackwell Publishing Asia Pty Ltd

Joumal of Diabetes Investigation Volume 3 Issue 1 February 2012 27



Noto et al.

) Risk ratio
Study or Subgroup n Weight IV, Random, 95% Cl
Asians
Khan et al>*, 2006 3307 20.4% —
Inoue et al>*, 2006 4668 25.9% -
Jee etal”®, 2005 62924 27.8% -
Kuriki et al.>®, 2007** 11,672 25.9% -
Total (95% Cl) 1000%  1.23[1.09,1.39] P
1% = 84% (P=0.0003)
Non-Asians
Swerdlow et al®® 2005 5066 104% -t
Ogunleye etal®, 2009 9577 104% -
Hjalgrim et al>%, 1997 772 9.7% -
Adami et al.*®, 1991 51,008 10.4% -
Ragozzino et al®, 1982 1135 10.2% i
Wideroff et al.’®, 1997 109,581 10.6%
Chodick et al**, 2010 16,721 85% —_—
Rapp et al®, 2006 4758 10.3% -
Stattin etal”’, 2007 1706 8.8% T—
Hemminki et al*®, 2010 125,126 10.6%
Total (95% Cl) 100.0% 1.15[0.94,1.43] o
1>=99% (P < 0.00001)
Overall
Total (95% Cl) 100.0% 1.17[0.99, 1.38] K>
2 _ 909 —t —1
1= 99% (P < 0.00001) o )

Figure 4 | Adjusted risk ratios (RR) for all-cancer incidence among the subjects with diabetes. **Case-control study. Boxes, estimated RR; bars, 95%

confidence intervals (Cl); diamonds, RR; width of diamonds, pooled Cl.

It has been reported that this mitogenic pathway, unlike the
metabolic pathway, might not be blunted in the condition of
insulin resistance. The activated protein kinase (AMPK), mam-
malian target of rapamycin and insulin-signaling pathway repre-
sent three interrelated components of a complex mechanism
controlling cell responses to nutrient availability. It is suggested
that metformin might have an anti-cancer effect by activating
AMPK, followed by modulation of downstream tumor gene
regulators.

Several findings would seem to support this insulin supply
hypothesis. Pancreatic cancer has been reported to be induced
more effectively with a carcinogen or by implantation of cancer
cells when experimental insulin-deficient animals are given sup-
plemental insulin”*”®>. Humans with type 1 diabetes have a
lower risk of cancer than humans with type 2 diabetes™®””,
although the evidence for a higher risk than in the general pop-
ulation is inconclusive’”®. However, they are derived from
retrospective observational studies, and because of the possible
existence of confounders and biases in those studies, they do
not necessarily indicate causality®*®'. In fact, the data from insu-
lin-treated patients are inconclusive®.

Interestingly, diabetes has been reported to protect against the
development of prostate cancer®®?, which is testosterone-
dependent. Testosterone deficiency is common in men with dia-
betes, because they have low levels of sex-hormone-binding

globulin, and testosterone levels have been shown to be partly
influenced by insulin resistance®™®*. The magnitude of the
decrease in cancer risk as a result of testosterone deficiency is
likely to be higher than the magnitude of the increase in cancer
risk as a result of insulin resistance, and thus this favorable effect
of diabetes on prostate cancer might have contributed to the
attenuation of the increase in cancer risk in men found in the
current study and in our preceding report'’. However, those
meta-analyses®®* were mainly based on data for Caucasian
men and the reported risks for Asian men have been either
significantly elevated in Taiwan®*®” or non-significant in
Japan®>>***%88% and Korea'?, which points to the possibility that
the effect of diabetes on prostate cancer might not be universal,
probably because of genetic/cultural/socioeconomic factors. In
fact, the current study showed that the RR for prostate cancer
for Asian men were non-significant (data not shown) and that
the RR for total cancer incidence was significantly higher for
Asian men than for non-Asian men.

Hyperglycemia has also been reported to promote tumor cell
proliferation and cancer metastasis in type 2 diabetes™’".
Indeed, this forms the basis for '*F-fluorodeoxyglucose-positron
emission tomography of cancers, which detects tissues with high
rates of glucose uptake. In addition, hyperglycemia itself might
promote carcinogenesis by generating oxidative stress'>"'%,
which is frequently observed to be increased in diabetes, in a
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Risk ratio
Study or Subgroup n Weight IV, Random, 95% Cl
Asians
Khan et al>4, 2006 1753 16.5% —
Jee etal’s, 2005 41,868 34.3% L]
Inoue et al53, 2006 3097 25.1% -
Kuriki et al.56, 2007** 5341 24.1% -
Total (95% Cl) 100.0% 1.241[1.12,1.38] 3
I>=76% (P=0.006)
Non-Asians
Atchison et al38, 2010 594,815 19.7% u
Chodick et al34,2010 8795 17.2% -
Adami et al#6, 1991 23,146 16.0% -
Wideroff et al.70, 1997 54,571 19.0% L
Stattin et al®’, 2007 703 7.4% —+—
Ragozzino et al62, 1982 NR 7.8% -
Rapp et al.®3, 2006 2467 12.9% =
Total (95% Cl) 100.0% 1.05[0.96,1.15] >
2=93% (P < 0.00001)
Overall
Total (95% Cl) 100.0% 1.12[1.01,1.25] >
2=98% (P < 0.00001) 0507 1 152
Women Risk ratio
Study or Subgroup n Weight IV, Random, 95% C|
Asians
Khan et al>4, 2006 1554 14.3% e
Inoue et al.>3, 2006 1571 22.5% e
Jee etal's, 2005 21,056 36.4% =
Kuriki et al.56, 2007** 6331 26.9% -
Total (95% Cl) 1000%  1.23[107,142) P
£2=70% (P=0.02)
Non-Asians
Ragozzino et alt2, 1982 NR 4.1%
Adami et al#6, 1991 27,862 29.9% L
Wideroff et al.”0, 1997 55010 31.4% L
Chodick etal34,2010 7926 21.2% -
Rapp et al63, 2006 2291 9.1% —
Stattin et al67, 2007 1003 4.2% e
Total (95% Cl) 100.0% 1.16[1.09,1.23] ¢
>=60% (P=0.03)
Overall
Total (95% Cl) 100.0% 1.20[1.12,1.30] ¢
/2= 81% (P < 0.00001) 0T o7 e

Figure 5 | Adjusted risk ratios (RR) for all-cancer incidence among men and women with diabetes. **Case—control study. Boxes, estimated RR; bars,
95% confidence intervals (Cl); diamonds, RR; width of diamonds, pooled Cl. NR, not reported.

variety of cells. The increase in oxidative stress would cause
DNA damage, the initial step in carcinogenesis'’. Community-
based prospective surveys have documented associations
between plasma glucose levels and the risk of cancer'>”'>"% The

results of the present study support this hypothesis, because the
results showed that the risk of both cancer incidence and
mortality is also generally higher among Japanese'*%>*>%%
and Korean'® patients with diabetes, who have been reported
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to be insulinopenic®®”"””. However, a meta-analysis of large

randomized-controlled trials of intensified glycemic control did
not support the hypothesis that hyperglycemia is causally linked
to increased cancer risk™>®.

Potential risk factors common to both cancer and diabetes
need to be addressed, because it remains to be clarified whether
the association between diabetes and the risk of cancer is mainly
a result of shared risk factors or whether diabetes itself increases
the risk of some types of cancer. Those risk factors include age,
sex, race/ethnicity, obesity, physical activity, diet, alcohol and
smoking'?. Clearly, lower levels of adiposity, a healthy diet and
regular physical activity are associated with a decreased risk of
diabetes and several types of cancer; these factors are generally
interrelated and thus it is difficult to assess the contribution of
each factor.

It is particularly noteworthy that our meta-analysis showed
that the RR was higher for Asian men than for non-Asian men.
This finding suggests the presence of other factors that promote
carcinogenesis, such as susceptibility to insulin/glucose and
genetic/environmental factors. The current findings underscore
the crucial need to understand the role of glucose metabolism
and insulin resistance in carcinogenesis*”'*".

Alternative explanations for the increased risk of cancer in
diabetic patients should be taken into consideration, because the
relationship between the aforementioned factors and increased
risk might not be causal. First, several comorbidity confounders
exist. For example, coexisting obesity and a sedentary lifestyle,
which induce hyperinsulinemia, might be the true causes, and
diabetes might merely be an innocent bystander. The other pos-
sible confounders include age, sex, diet, consumption of alco-
holic beverages, smoking, liver cirrhosis and the indication of
insulin usage, which were not fully adjusted for in the present
study. The second alternative explanation is that diabetic
patients might receive medical care more frequently and thus
have more opportunities for cancer detection than non-diabetic
subjects. The third is that diabetes might develop as a conse-
quence of cancer, as cancers generally cause insulin resistance
and subsequent hyperglycemia by producing cytokines, such as
tumor necrosis-o.' ', The fourth is that the studies that were
included in the meta-analysis might have left room for con-
founding by treatment indication: differences between the treat-
ment of cancer according to whether or not they had diabetes
might have contributed to the increased mortality of the sub-
jects. Diabetic patients often have other diabetes-related comor-
bidities that might influence the treatment decisions and
prognosis. For example, diabetes might be accompanied by a
higher risk of infection and the diagnosis of cancer might result
in inappropriate glucose management, and Caucasians have
higher cardiovascular mortality, which might lead to an under-
estimation of the absolute increment in cancer mortality risk
among non-Asian diabetic people.

Several limitations of our meta-analysis should be noted. As
with any overview, the possibility that relevant research papers
were missed and the inability to adjust fully for confounders

Noto et al.

based on population-based databases must be recognized. It is
also important to realize that the populations in the studies were
heterogeneous, most likely because of ethnic diversity or study
design variation, and that the risks of site-specific cancers might
have varied. Therefore, an analysis of cancer at any sites might
be overly simplistic and dilute the true associations. The small
number of articles that reported studies carried out on Asian
subjects that were included might have further restricted the
generalizability of the results. Despite these limitations, the
results of our meta-analysis should stir health-care providers,
policy makers and patients into devising measures to prevent
and manage cancer in diabetic patients. Another limitation is
that the methods used to ascertain the presence of diabetes in
the studies extracted included self-reports, which might have led
to diagnostic inaccuracies. In addition, the baseline surveillance
in most of the studies was carried out when the diagnostic cut-
off value for fasting glucose was higher than the currently
accepted value, and the prevalence of diabetes in the control
groups most likely increased exponentially during the long
follow-up period. Thus, the true prevalence of diabetes and its
impact on cancer risk might have been underestimated. Last,
the possibility of modification of cancer risk by diabetes medica-
tion cannot be completely excluded in descriptive studies,
although relevant data are limited at present, and further investi-
gation is required.

In conclusion, the results of our meta-analysis strongly sug-
gest that diabetes is associated with an increased risk of all-
cancer incidence and all-cancer mortality worldwide, and that
the RR are higher for Asians. In light of the exploding global
epidemic of diabetes, particularly in Asia, a modest increase in
the risk of cancer will translate into a substantial socioeconomic
burden. Our current findings underscore the need for clinical
attention and better-designed studies of the complex interactions
between diabetes and cancer.
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