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Abstract

Purpose

Previous studies have shown a bidirectional relationship between diabetes and pancreatic
cancer (PC). In particular, new-onset diabetes might be induced by PC, and people with
long-term diabetes might be at increased risk for the development of PC. The purpose of
our study was to examine whether long-term diabetes represented an independent risk fac-
tor for PC development.

Methodology

A literature search was performed by searching electronic databases for studies published
before July 1, 2014, and relative risks (RRs) and corresponding 95% confidence intervals
(Cls) were calculated. Data pertaining to diabetes were recorded at both individual and
study levels, with RRs calculated separately to analyze the relationship between the dura-
tion of diabetes and the development of PC.

Results

Forty-four studies were included in this meta-analysis, including 18 studies with a case-con-
trol design, 5 with a nested case-control design and 21 with a cohort design. The overall
summary estimate for the relationship between the population with a duration of diabetes
>2 years and PC was 1.64 (1.52-1.78). The pooled RR (95% ClI) of PC for the population
with a duration of diabetes >5 years was 1.58 (1.42-1.75). For the population with a duration
of diabetes >10 years, the RR (95% CI) of PC was 1.50 (1.28-1.75).
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Conclusions

Our study suggests that long-term diabetes mellitus is associated with an increased risk of
PC. However, the level of risk is negatively correlated with increasing diabetes mellitus
duration.

Introduction

Diabetes and cancer are common diseases, the incidences of which are increasing rapidly
worldwide. The International Diabetes Federation (IDF) estimated the prevalence of diabetes
in adults (20-79 years old) to be 9.6% in 2013, and this number is projected to grow from 8.0%
t0 9.9% by 2035 in North America and the Caribbean [1]. Furthermore, the IDF expects the
prevalence of this disease to reach 9.8% by 2035 in South and Central America [2]. In the Euro-
pean region, the overall prevalence was estimated to be 8.5% in 2013 [3]. Additionally, the
WHO has projected that the global cancer incidence will increase from 14 million in 2012 to
22 million in 2032 [4].

Diabetes and cancer have been closely linked epidemiologically and biologically. Convincing
evidence has indicated that diabetes (mainly type 2) is associated with an increased risk for sev-
eral cancers (colorectal, breast, endometrium, liver, pancreas, and bladder) [5] and that diabe-
tes can advance the cancer stage and increase mortality [6-7]. The risk of pancreatic cancer
(PC) is increased among individuals with glucose intolerance, including those with excess
weight, diabetes mellitus (DM), and high serum glucose. The mechanisms of these associations
include the tumorigenic effect of hyperglycemia, the mitogenic effect of obesity-associated
hyperinsulinemia and the chronic, subclinical inflammation caused by fat infiltration of the
pancreas. However, there has been little direct evidence supporting these mechanisms.

PCis a highly aggressive cancer, with a 5-year overall survival rate of less than 1.0%, and is
one of the most frequent causes of cancer deaths worldwide [8]. Surgical resection is considered
the best potentially curative treatment for PC, and major advances in this field have success-
fully lowered the mortality from this disease. However, the impact of surgical resection on
overall survival remains minimal, and the local failure rate might remain as high as 50% to
80% in patients who successfully undergo surgical resection, resulting in poor quality of life
[9].

Several risk factors such as older age, genetic predisposition, and smoking have been identi-
fied as contributors to the burden of PC. Diabetes is also widely considered to be associated
with PC, although whether diabetes is a cause or a consequence of PC remains controversial.
New-onset diabetes could be a symptom caused by PC development, and people with long-
term diabetes might be at increased risk for PC.

Several previously published articles have focused on the incidence and mortality of PC
associated with diabetes; however, few studies have clearly demonstrated a relationship
between the duration of diabetes and PC. Three meta-analyses showed an association between
PC and diabetes [10-12]. First, Batabyal et al. performed an analysis focusing on individual cat-
egories of disease duration, including <1, 1-4, 5-9 and >10 years. This group found that the
risk of PC was greatest early after the diagnosis of DM but that it remained elevated long after
the diagnosis; the individual relative risk (RR) ranged from 6.69 at <1 year to 1.36 at 10 years
[12]. The other two meta-analyses did not study the association between PC and the duration
of diabetes.
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The aim of our analysis was to examine the influence of long-term diabetes on PC incidence.
If a long-term history of diabetes is an independent risk factor for PC, health professionals and
clinical doctors should consider patients with this disease to be at high risk and should strongly
encourage PC screening and provide appropriate prevention guidelines.

Methods
Search strategy and selection criteria

We searched the PubMed, EMBASE and Web of Science databases using the terms “diabetes
mellitus,” “pancreas” and “cancer,” as well as the corresponding individual free terms,

to acquire articles that were published before July 1, 2014. Furthermore, we reviewed

studies in the references of the retrieved articles to search for additional potentially eligible
studies.

The inclusion criteria of the meta-analysis were as follows: (1) the study was defined as a
case-control study, a nested case-control study or a cohort study and was published before
June 2014; (2) the exposure of interest was diabetes, and the outcome of interest was the inci-
dence of PC; (3) the odds ratios (ORs), RRs, incidence rate ratios (IRRs), hazard ratios (HRs)
or standardized incidence rates (SIRs), with their 95% confidence intervals (CIs), were
reported; and (4) in case-control studies, the participants were diagnosed with diabetes mellitus
at least 2 years before participating in the studies, whereas in nested case-control and cohort
studies, the participants with a history of diabetes were followed up for at least 2 years prior
to the diagnosis of PC. The exclusion criteria were as follows: (1) publications with incomplete
data; (2) studies that only focused on the mortality or survival ratio, with death as the outcome
instead of the PC incidence; and (3) the study population recruitment overlapped (in
which case we only included the most recent study or the study with the largest number of
participants).

Data extraction

Two investigators independently performed the data extraction using a standardized
protocol and a data-recording form, and the extractions were then checked by the other
authors. The data were independently examined and adjudicated after being extracted and
assessed.

The extracted data included the following information: author, year of publication, region,
year in which the study was conducted, age, source and number of subjects, gender, mean
number of follow-up years, cases/controls with or without DM, elected diabetes duration, sam-
pling scheme, adjusted factors and adjusted ORs/RRs/SIRs/HRs with 95% Cls.

Quality assessment

The quality of each study was independently evaluated by two investigators according to the
Newcastle-Ottawa Scale (NOS), which comprises three parameters for quality assessment:
selection, comparability and exposure for case-control studies; and selection, comparability
and outcome for cohort studies [13]. The NOS measurements use four stars for selection: two
stars for comparability and three stars for exposure or outcome.

The standards of quality assessment using the NOS in case-control and nested case-control
studies are as follows, with each item able to receive one star: 1. Case definition adequate: PC
cases with independent diagnosis validation; 2. Representativeness of the cases: consecutive
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or obviously representative series of PC cases; 3. Selection of controls: controls were from com-
munity; 4. Definition of controls: controls had no PC history; 5. Comparability of cases and
controls on the basis of the design or analysis with a major factor: study controls for age; 6.
Comparability with an additional factor: study controls for any additional factor, for example,
sex; 7. Ascertainment of exposure: DM diagnosis with plasma glucose concentration criteria
and secure records; 8. Same method of ascertainment for cases and controls: exposure of cases
and controls with same ascertainment method; and 9. Non-Response rate: same rate for both
groups.

The standards of quality assessment using the NOS in cohort studies are as follows, with
each item able to receive one star: 1. Representativeness of the exposed cohort: representative
of the average DM incidence in the community from which the group was selected; 2. Selection
of the non-exposed cohort: drawn from the same community as the exposed cohort. 3. Ascer-
tainment of exposure: DM diagnosis with plasma glucose concentration criteria and secure rec-
ords. 4. Outcome not present at start: demonstration that PC was not present at the start of the
study. 5. Comparability of cases and controls on the basis of the design or analysis with a major
factor: study controls for age. 6. Comparability with an additional factor: study controls for any
additional factor, for example, sex. 7. Assessment of outcome: with PC diagnosis certification
or record. 8. Follow-up length: follow-up length >2 years was considered adequate. 9. Ade-
quacy of follow up: complete follow up that accounted for all subjects or that lost only a small
number of subjects.

We defined studies with NOS scores of 1-3 as low quality, those with scores of 4-6 as
medium quality, and those with scores of 7-9 as high quality. Studies with discrepancies were
simultaneously re-evaluated by the two investigators.

Statistical analyses

We included different measurements in this meta-analysis, ORs were included for the case-
control studies, whereas RRs, IRRs, SIRs and HRs were included for the nested case-control
studies and cohort studies. Because of the low worldwide incidence of PC, in practice, these
effect measures are assumed to be approximately equivalent to the RR. Therefore, we used the
pooled RR and its 95% CI to estimate the risk of PC in long-term DM patients in the present
study.

Heterogeneity across the studies was checked with the Q-test, which was considered signifi-
cant when P<0.1. The I” statistic presented the percentage of total variation across studies as a
result of heterogeneity. If I”>50%, obvious heterogeneity was demonstrated, and a random-
effect model was used. Otherwise, a fixed-effect model was used to pool the data [14].

Summary estimates of the population diagnosed with DM and followed up for at least 2,

5 and 10 years before participating in the studies were all calculated using a random-effect
model.

We conducted sensitivity analysis to investigate the influence of a single study on the overall
meta-analysis estimate. Additionally, subgroup analyses that stratified the data separately by
gender, study design and region with different DM durations were performed to examine how
the strengths of the association varied.

Publication bias was evaluated using Begg’s test [15], and bias was considered to exist when
P<0.05. Subsequently, Begg’s funnel plot was created. All of the statistical analyses were per-
formed using Stata software, version 11.0.
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2614 relevant titles identified through
electronic search and screened for retrieval

1984 articles excluded after title/abstract
review

823 duplicate studies

219 review articles and meta-analysis
428 case reports,

514 about animals or cell lines

v
630 potentially relevant full-text articles
identified

521 full-text articles excluded

309 without the data between diabetes
> mellitus and pancreatic cancer

212 without accessible OR/RR/IRR/
SIR/HR or 95%CI

A
109 full-text articles for detailed
evaluation

73 full-text articles excluded

35 not exclude the new-onset diabetes
that diagnosed within 2 years

21 cancer survival or mortality data
16 low quality, little or duplicate
population

Y

44 studies of 36 articles included in the meta-analysis

Fig 1. Flow chart showing the study selection process.

doi:10.1371/journal.pone.0134321.g001

Results
Study characteristics and quality assessment results

We identified 2,614 relevant titles through electronic searches and screened them based on our
search criteria, resulting in 630 potentially relevant full-text articles. Of these articles, 44 studies
from 36 articles were analyzed (Fig 1). Of the 44 studies included in this meta-analysis, 18 used
a case-control design (Table 1), 5 used a nested case-control design (Table 2), and 21 were
cohort studies (Table 3).

The details of quality evaluation for every study are shown in Tables 4-6. The included stud-
ies had NOS scores of 4-8.

Meta-analysis results

Pooled RRs for the population with a diabetes duration >2 years were calculated using a ran-
dom-effect model, and the results are shown in Fig 2. For PC patients with long-term diabetes
compared with controls without diabetes, we obtained a statistically significant RR of 1.64
(95% CI, 1.52-1.78). We detected heterogeneity among the 44 studies (P<0.001, > = 52.1%).
For the population with a diabetes duration >5 years, a significant association among the
studies was shown by an average RR of 1.58 (95% CI, 1.42-1.75), which was calculated using a
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Table 1. Characteristics of 18 case-control studies.

Author/year/ Age Gender Case (DM with elected Control (DM with elected Elected Sampling scheme 2 [70] Adjusted factors
region (% duration/ Non-DM), N duration/ Non-DM), N DM
male) duration,
years
>2-year >5-year >10-year >2-year >5-year >10-year Control Interpretation
selection of reported
effect
measure

Cuzick/1989/ NA Both 9/188 9/188 NA 3/274 3/274 NA >5 Patients Prevalence OR  Age and gender
England [16] (48.5) with non-

tumor

disease,

the same

hospital

and period
Farrow/1990/ 20-74 Male 12/156 NA NA 3/192 NA NA >3 Population Prevalence OR  Age, smoking and
America [17] education
Jain/1991/ 35-79 Both 21/190 21/190 12/190 35/458 35/458 24/458 >5 Population ~ Prevalence OR  Smoking, calories
Canada [18] (54.5) and fiber intake
Bueno de 35-79 Male 3/85 3/85 NA 12/213 12/213 NA >5 Population Prevalence OR  Age, response
Mesquita/ status and
1992/the smoking
Netherlands
(M) [19]
Bueno de 35-80 Female 4/64 4/64 NA 13/224 13/224 NA >5 Population  Prevalence OR  Age, response
Mesquita/ status and
1992/the smoking
Netherlands
(IS
Gullo/1994/ 22-79 Both 83/556 61/556 34/556 56/660  36/660 32/660 >2 Patients Prevalence OR  NA
Italy [20] (NA) with non-

tumor

disease,

the same

hospital

and period
Lee/1996/ NA Both 54/201 NA NA 28/247 NA NA >3 Physical Prevalence OR  Smoking, alcohol,
China [21] (78.7) checkup, history of

the same cholecystectomy

hospital and gastric

and period resection
Frye/2000/ NA Both 9/88 9/88 NA 7107 71107 NA >5 Patients Prevalence OR  NA
New Zealand (50.0) with non-
[22] tumor

disease,

the same

hospital

and period
Bonelli/2003/ 18-75 Both 21/165 16/165 NA 22/374 18/374 NA >3 Patients Prevalence OR  Age, gender,
Italy [23] (57.4) with non- smoking, alcohol,

tumor center, education

disease, and occupation

the same

hospital

and period
Lo/2007/Egypt  14-90 Both 13/139 13/139 13/139 3/168 3/168 3/168 >10 Patients Prevalence OR  Age, gender, and
[24] (57.7) with non- residence

tumor

disease,

the same

hospital

and period

(Continued)
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Table 1. (Continued)

Author/year/ Age Gender Case (DM with elected Control (DM with elected Elected Sampling scheme 2 [70] Adjusted factors
region (% duration/ Non-DM), N duration/ Non-DM), N DM
male) duration,
years
>2-year >5-year >10-year >2-year >5-year >10-year Control Interpretation
selection of reported
effect
measure

Anderson/ <80 Both 50/371 NA NA 34/274 NA NA >2 Population Prevalence OR  Age
2009/Canada (55.7)
[25]
Kuang/2009/ 61.5 Both 43/319 29/319 10/319 29/702 19/702 6/702 >2 Patients Prevalence OR  NA
China [26] (65.7) with non-

tumor

disease,

the same

hospital

and period
Maisonneuve/  NA Both 39/679 39/679 39/679 54/1546 54/1546  54/1546 >10 Population ~ Prevalence OR  Age, gender,
2010/Australia, (52.5) smoking,
Canada, the education, center,
Netherlands and type of
and Poland interview
[27]
Li/2011/USA NA Both 276/ 186/ 108/1744 456/ 350/ 229/4552 >2 Population ~ Prevalence OR  Age, gender, race,
[28] (57.8) 1744 1744 4552 4552 education,

smoking, alcohol,
body mass index
(BMI) and study

site

Lipworth/2011/  NA Both 76/585 51/585 23/585 108/ 86/2077  59/2077 >2 Patients Prevalence OR  Age, gender,

Italy [29] (65.9) 2077 with non- smoking, BMI,
tumor center, year of
disease, interview and
the same education
hospital
and period

Ben/2011/ NA Both 96/1055 NA NA 63/1377 NA NA >2 Patients Prevalence OR  Age, smoking,

China [30] (66.9) with non- alcohol, family
tumor history of
disease, pancreatic cancer
the same
hospital
and period

Bosetti/2012/ NA Both 57/269 NA NA 37/615 NA NA >2 Patients Prevalence OR  Age, gender,

Italy and (53.4) with non- center, year of

Switzerland tumor interview,

[31] disease, education, alcohol,
the same smoking and BMI
hospital
and period

Henry/2013/ >20 Both 28/172 19/172 11172 42/631 36/631 22/631 >2 Population Prevalence OR  Age, gender, race,

USA (1) [32] (57.6) education,

smoking, alcohol
and pack-years

a. The cases of the case-control studies are all prevalent cases.

doi:10.1371/journal.pone.0134321.t001
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Fig 2. Forest plots of the association between a diabetes duration >2 years and the risk of PC.

doi:10.1371/journal.pone.0134321.9002
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Fig 3. Forest plots of the association between a diabetes duration >5 years and the risk of PC.

doi:10.1371/journal.pone.0134321.9003

32

random-effect model (Fig 3). We also detected heterogeneity among the 26 studies (P<0.001,

I> = 57.8%).

Additionally, for the population with a diabetes duration >10 years, the average RR (95%
CI) was 1.50 (1.28-1.75), which was calculated using a random-effect model (Fig 4). Significant

heterogeneity was detected among the 14 studies (P = 0.015, I* = 50.9%).

The results from the pooled studies showed that long-term DM was associated with a 1.5- to
1.7-fold increased risk of PC. However, compared with the DM duration category of >2 years,
the RR of the category of >5 years was decreased; with a DM duration of >10 years, the RR

was further decreased.
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Fig 4. Forest plots of the association between a diabetes duration >10 years and the risk of PC.

doi:10.1371/journal.pone.0134321.g004

Sensitivity analysis and subgroup

Due to significant heterogeneity identified among the studies of each DM duration group, sen-
sitivity analysis was performed. The heterogeneity and effect size were calculated by omitting
one study in each round. The results suggested that no single study influenced the overall
pooled estimates in each group. The results of the sensitivity analysis are presented in Figs 5-7.
Next, we conducted subgroup meta-analyses by gender, study design and region (Table 7).
In a total of 7 subgroups among the 3 DM durations, consistent results were found in all sub-
groups with the pooled effect estimates of the overall analysis; however, inconsistent, nonsig-
nificant outcomes were found when analysis was restricted to 3 nested case-control studies of
DM duration >10 years. Because I” was not powered to detect heterogeneity with so few
included cases, only the P value was used to estimate the heterogeneity in this type of study.

PLOS ONE | DOI:10.1371/journal.pone.0134321  July 29, 2015 17/27
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Fig 5. Sensitivity analyses of the studies of patients with diabetes durations >2 years.

1.64 1.78 1.82

doi:10.1371/journal.pone.0134321.9005

According to the I” statistic and P value, significant heterogeneities had a less apparent ten-
dency toward variation.

Publication bias

Finally, to assess publication bias of the included studies, we created Begg’s funnel plot. In
Begg’s test. Z was 0.13 (P = 0.895) for a DM duration of >2 years, 0.40 (P = 0.692) for a DM
duration of >5 years and 0.33 (P = 0.743) for a DM duration of >10 years. We found a low
probability of publication bias and small study effects, indicated by P values >0.05 (Figs 8-10).

Discussion

Our research included 44 studies, which were conducted in different parts of the world and
included different populations. This meta-analysis showed a significantly increased risk of PC
in diabetes patients who had been diagnosed and followed up for more than 2 years. Using
pooled data from the included studies, we found that long-term DM was associated with a 1.5-
to 1.7-fold increased risk of PC. The results from the pooled cohort studies and nested case-
control studies were consistent with those from the pooled case-control studies. In the

PLOS ONE | DOI:10.1371/journal.pone.0134321  July 29, 2015 18/27
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Fig 6. Sensitivity analyses of the studies of patients with diabetes durations >5 years.

doi:10.1371/journal.pone.0134321.9006

subgroup analysis by gender, the risk estimation changed slightly, and gender differences had
less influence on the strength of the positive association between diabetes and the risk of PC.

Our findings did not reveal an increased risk of PC with an increasing diabetes duration; in
contrast, the RRs were decreased at durations of >5 and >10 years. The PC risk was negatively
correlated with increasing disease duration in the long-term DM category.

Epidemiological studies have reported a bidirectional relationship between diabetes and PC.
In previously published systematic reviews [10-12], the studies in which the populations were
either diagnosed with new-onset or long-term diabetes were directly pooled. Those results indi-
cated an overall 1.5-fold increased risk of PC among diabetic patients, with a slightly stronger
association between diabetes and PC than that observed in our analysis. This finding might
suggest that the strength of the association between long-term diabetes and PC development is
equal to or slightly weaker than that between new-onset diabetes and PC development.

The mechanism by which diabetes increases the risk of PC development remains controver-
sial. However, this mechanism is likely related to increased insulin-like growth factor 1 (IGF-1)
levels, hyperglycemia, insulin resistance and compensatory hyperinsulinemia.

Under physiological conditions, IGF-1 peptides are synthesized mainly by the liver and act
as major stimulators of tissue and cellular growth through the induction of proliferation and
the inhibition of apoptosis in target tissues [52]. IGF-1 shares 50% amino acid sequence
homology with insulin, and as a result, it elicits nearly the same hypoglycemic response [53].
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Fig 7. Sensitivity analyses of the studies of patients with diabetes durations >10 years.
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The observed effect of pituitary growth hormone (GH) has been to counteract the action of
insulin, leading to insulin resistance in insulin target tissues [54]. The IGF-1-GH axis is
believed to play a prominent role in glucose tolerance and type 2 DM.

In particular, studies have shown that IGF receptors are frequently overexpressed in cancer
[55], with corresponding changes in the circulating levels of IGF peptides [56-57]. The IGF
system and insulin signaling pathway simultaneously play important roles in hyperinsuline-
mia, insulin resistance and tumor pathogenesis, which are more likely to be the potential mech-
anisms in a variety of human cancers.

In a Korean study that evaluated a 10-year follow-up period, linear trends in mortality with
increasing fasting serum glucose levels were observed for PC. Participants with fasting serum
glucose levels of 110 to 125 mg/dL had a significantly elevated risk of PC mortality compared
with those with in the reference category (serum glucose levels of 90 mg/dL) [40]. Hyperinsuli-
nemia has been cited as a possible risk factor for PC with the emergence of hyperglycemia. In
their research, Li et al. reported that hyperglycemia could lead to oxidative stress, which is
caused by an imbalance in reactive oxygen species (ROS) antioxidants. Most patients with PC
suffer from diabetes or hyperglycemia, and high glucose can cause ROS production, which can
in turn increase the invasiveness of cancer cells [58].

A hyperglycemic state has various indicators; of these indicators, hemoglobinAlc (HbAlc)
reflects long-term glycemic control and is a more stable measurement than fasting plasma
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A Meta-Analysis of Long-Term Diabetes and Pancreatic Cancer

@PLOS | o

(LL1-92°1) L¥'L

(€6'1—v1'L) 871

(00'€-96°0) 69'L

(0L 1-G1°}) Ov' L
(€9'2-Lv'}) 96}
(-1 eet

(10%56) "y

%5°0G /€200

%9V, /8000

%6V, /6L0°0

%0°€ / E07°0
-/ 6S¥°0

-/ €080
(1/d)

Aysuabousloy

(G2 1-6€°1) 951

(6271-9€°1) 95° L

(Lre-9z 1) vt

(G2'1-/2'1) 671
(2e2-¥S'1) 68t
(L6'1-61°1) €' |

(10%56) "y

%€'9S / 100°0

%9V, / 100°0>

%L'€S/ 160°0

%S'¢E / 0EL'0
%E€'Le /6820
%029/ L10°0

(z1/d)
AysuaboisloH

wopuey

wopuey

wopuey

paxi4
paxi4
wopuey

lepow
109143

(44

o]

cl

S

S
salpn}s
Jo 'ON

siealk
6<

9L 1=2¥'1) 191
(£6'1-95°1) SL'L

(L 1=€¥'1) 95°L

(og'2—€5'1) 88°L

(@Le—v¥1)SLL
(Loe-8v1)eL'L
(18'1-9%'1) €9°L

(19%56) "y

%8VS / 100°0>
%S'LS /€810

%9'vS / 100°0

-/6.9°0

%6°¢S / ¥00°0
€29/ 100°0>
%695 / €00°0

(z1/d)
Aysuaboisloy

100V LZevEL0rauod feuinolf| g} °01:10p

wopuey P4

paxi4 L
wopuey 1z

pexid g
wopuey 8l
wopuey 9t
wopuey Gt

|opow  saipnis
10943 JO0 'ON

sieak
2<

S8UUN0D
uIslsaM

S81UN0d
ussjseq

Apnis
Hoyod
Apnis
|0J}u0d
-osed
paiseN
Apnis
|0J}U0d
-ase)
olewa

T

uoibay

ubisep
Apmis

lapuan

euaD

*saipn}s papnjoul jo siskjeue dnoibgng °z sjqel

21/27

July 29, 2015

PLOS ONE | DOI:10.1371/journal.pone.0134321



@’PLOS ‘ ONE

A Meta-Analysis of Long-Term Diabetes and Pancreatic Cancer

Begg's funnel plot with pseudo 95% confidence limits

|
0

]
2

| |
4 .6 .

m_

Fig 8. Funnel plot for publication bias of the studies of patients with diabetes durations >2 years.
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glucose levels. Cheon et al. undertook research that that a high HbA1c level might be associated
with worse survival in patients with advanced PC undergoing antidiabetic treatment [59].

Adiponectin is a hormone that is primarily secreted by adipose tissue; it is inversely corre-
lated with plasma insulin and is reduced in individuals with insulin-resistant conditions such
as obesity and type 2 DM [60]. Many case-control and prospective studies have shown that
serum adiponectin concentrations are decreased in breast cancer, hepatocellular carcinoma
(HCC) and colorectal cancer [61-63]. Bao et al. measured total adiponectin and found that the
effects of total plasma adiponectin on PC development might differ from those of high- or low-
molecular-weight adiponectin. Interpretation of Bao et al.’s data could warrant the consider-
ation that high/low-molecular-weight adiponectin levels might be more closely associated with
the PC risk than total adiponectin [64].

Moreover, large numbers of diabetic patients require life-long drug therapy, which could
influence the development of cancer. Insulin, metformin and thiazolidinediones (TZDs) are
among the major diabetic therapies shown to improve the control of hyperglycemia through
effects on molecular targets such as the insulin receptor and insulin-like growth factor path-
ways, adenosine monophosphate-activated kinase and peroxisome proliferator-activated
receptor Y (PPARY) [65]. According to recent observational studies, the use of metformin was
associated with a reduced risk of PC in patients with diabetes [66]. In addition, TZD demon-
strated potent inhibitory effects on the growth of PC cells via the PPARy-dependent induction
of ductal differentiation [67], and the use of insulin glargine was not associated with an
increased risk of all cancers or site-specific cancers in Scotland over a 4-year time period [68].
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No convincing evidence supports a carcinogenic role of any insulin derivative currently used in
therapy. However, the potential contribution of insulin therapy to the hypothetical mitogenic
effects of endogenous insulin cannot be fully excluded [69]

Nevertheless, further investigation into the influence of DM drug therapy on cancer devel-
opment is warranted. Therapeutic strategies should be generally reevaluated, and future
research should address these important questions.

This study had several limitations that should be recognized. First, the potential for infor-
mation and selection biases could not be completely excluded because all of the included stud-
ies were observational. Second, some of the included studies did not distinguish between type 1
and type 2 diabetes (although most of the studies included elderly populations and excluded
type 1 diabetes); therefore, we could not distinguish the relationships among different types of
diabetes, insulin resistance and PC development. Third, the association between long-term
DM and the risk of PC is not solely due to DM directly; a theory that DM and PC generation
and development share common risk factors has been proposed. More research focusing on
these two viewpoints is required. Fourth, none of the included studies considered the role of
anti-diabetic drugs in PC development. Finally, in a few of the included studies, the presence of
diabetes was self-reported rather than identified from secure records, which could have affected
the ascertainment of exposure and distorted the relationships.

In conclusion, our analysis demonstrated that diabetes lasting more than 2 years was
associated with an increased risk of PC, after excluding the relationship between PC and new-
onset diabetes. Therefore, regular examinations of patients with long-term diabetes could be

PLOS ONE | DOI:10.1371/journal.pone.0134321  July 29, 2015 23/27
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meaningful for the prediction, early diagnosis and treatment of PC. However, further investiga-
tions into the mechanism by which long-term diabetes promotes PC are required.
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