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Abstract
Background:Many studies have showed that diabetes mellitus (DM) might be a risk factor for certain types of cancers. However,
there are still inconsistent results on the effects of DM on the risk of esophageal cancer (EC). The objective of this study is to
investigate the association and to quantify the correlation between DM and EC by a meta-analysis.

Methods: The initial search identified 339 articles. Those publications that did not report the exact number of EC cases were
removed. Finally, 13 meaningful studies were extracted from the databases of PubMed, MEDLINE, and Web of Science. All pooled
analyses of risk ratios (RRs) and 95% confidence intervals (CIs) were assessed by a random-effect or fixed-effect model. Subgroup
analysis was implemented on the basis of the sex or ethnicity. I2 value was used to assess heterogeneity, and funnel plot analysis was
for publication bias.

Results: The result showed that there was a positive correlation between type 2 diabetes mellitus (T2DM) and EC risk (RR=1.28,
95%CI: 1.12–1.47, P< .001). Subgroup analysis based on gender showed that male was an important risk factor for EC (RR=1.53,
95% CI: 1.44–1.62, P< .001), but female was not (RR=1.23, 95% CI: 0.41–3.69, P= .71). In addition, subgroup analysis based on
ethnicity showed that DMwas significantly correlated to EC in North America subjects (RR=1.39, 95%CI: 1.31–1.47, P< .001), and
in Europe subjects (RR=1.37, 95% CI: 1.02–1.83, P= .04), whereas no correlation was found in Asian subjects (RR=0.98, 95% CI:
0.50–1.95, P= .96). Furthermore, DM had a correlation to an increased risk of esophageal adenocarcinoma (EAC) (RR=1.43, 95%
CI: 1.35–1.51, P< .001).

Conclusion: This meta-analysis indicates that DM is positively correlated to EC. However, the results should be interpreted with
caution because of the limitations on potential clinical confounding factors in each study included in this meta-analysis.

Abbreviations: BE = Barrett esophagus, CI = confidence interval, DM = diabetes mellitus, EAC = esophageal adenocarcinoma,
EC = esophageal cancer, ESCC = esophageal squamous cell carcinoma, GERD = gastro-esophageal reflux disease, IGF = insulin-
like growth factor, RR = risk ratio, T1DM = type 1 diabetes mellitus, T2DM = type 2 diabetes mellitus.
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1. Introduction

It has been reported that esophageal cancer (EC) has been the 8th
common cancer around the world.[1] For example, in 2008 there
were 480,000 newly diagnosed EC cases and 400,000 deaths
were caused by EC, most of which occurred in China.[2]
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EC has been a serious disease around the world. It is said that
the rate of 5-year mortality will exceed 80% in patients with
EC.[3] Generally, EC has 2 types: esophageal squamous cell
carcinoma (ESCC) and esophageal adenocarcinoma (EAC). In
contrast with ESCC, EAC was the more common type.[4] In the
1990s, more than 95% of esophageal malignancies were ESCC.
However, the incidence of EAC increased approximately 6-fold
in the United States from 1975 to 2001[5] and a decreased
incidence of ESCC has been seen in western countries.[6] In
addition, the survival rate of EC remains low, despite the rapid
progress of diagnosis and treatment. Therefore, EC remains a
seriously fatal disease around the world.
Prevention of EC seems to be very urgent. And identification

of potential risk factors[7] that affect the progression of EC
would be important for prevention or early detection of EC. EC
has 2 main types, and there are several significant differences in
pathogenesis, tumor biology, and individual characteristics
between ESCC and EAC. For ESCC, tobacco, dietary carcino-
gen exposure, and alcohol consumption are the known risk
factors. Besides, Stroup et al[8] also identified the infection of
Helicobacter pylori as another potential risk factor. For EAC,
gastro-esophageal reflux disease (GERD), white race, male
gender, obesity, and smoking are regarded as established risk
factors for EAC development.[9] Nevertheless, many patients
have not been exposed to these risk factors.
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In recent years, the prevalence of diabetes mellitus (DM) was
significantly increased around the world.[10,11] Many studies
have demonstrated that DMmight be a risk factor for some types
of cancer, such as hepatocellular carcinoma, breast cancer,
endometrial cancer, bladder cancer, and kidney cancer.[12–16] The
detailed mechanisms may be explained by the effects of insulin
and insulin-like growth factors (IGFs) axis on cells growth. A
number of studies reported that IGFs axis could trigger
intracellular signaling transduction involved in the development
of cancers.[17,18]

In 1991, the association between type 2 diabetes mellitus
(T2DM) and EC was first reported. After that, a number
of studies regarding DM and EC susceptibility were
conducted.[1,16,19–29] However, results of different studies are
inconsistent. This study aims to resolve the inconsistencies by
incorporating some of the relevant studies investigating the exact
number of EC patients in DM and non-DM groups.
2. Materials and methods

2.1. Search strategy

This meta-analysis was conducted according to Preferred
Reporting Items for Systematic Reviews and Meta-analyses
guidelines (PRISMA).[30] All articles involving DM and EC were
obtained from the English literature. A computerized literature
search was implemented in PubMed, MEDLINE, and Web of
Science databases till August 2016 with the following text word
or Medical Subject Heading (MeSH) terms: (“diabetes mellitus”
or “diabetes” or “DM” or “T2DM”) AND (“esophageal
neoplasm” or “esophagus neoplasm” or “esophagus cancer”
or “esophageal cancer” or “esophagus adenocarcinoma” or
“esophageal adenocarcinoma” or “EC” or “EAC” or “ESCC”).
2.2. Study selection

The studies that met all the following criteria were brought into
the meta-analysis: they were case–control studies; studies must
have incidence of EC, EAC, or ESCC (or data to calculate them);
there were odds ratio and 95% confidence interval (CI) in
case–control studies; and patients diagnosed with type 1 diabetes
mellitus (T1DM) were excluded from this analysis.

2.3. Ethics statement

As our study was a secondary analysis regarding human subject
data published in the public domain, ethical approval was not
necessary in this review.
2.4. Data extraction and quality assessment

Three investigators (BX, XHL, and XFZ) independently collected
the following data from the included studies according to a
predefined protocol: the first author’s last name, publication time,
country of the study, source, ethnicity (North America, Europe,
and Asian), sample size (cases and controls), confounders or
adjusted factors, the odds ratio and 95% CI, and solved
disagreement by discussion.
Three investigators (BX, XHL, and CYL) independently

accomplished the quality assessment according to the
Newcastle–Ottawa Quality Assessment Scale (NOS).[31] The
NOS system consisted of 3 aspects: subject selection (0–4 points),
comparability (0–2 points), and clinical outcome (0–3 points).
And NOS scores ≥6 are identified as high-quality studies.
2

2.5. GRADE quality assessment

The quality of evidence based on the results of meta-analysis
would be assessed by GRADE system (version 3.6). The GRADE
system included 4 levels of evidence: high quality: further
research may not change the effect of the credibility of the
evaluation result; the medium quality: further research is likely to
affect the curative effect of the credibility of the evaluation result
and can change the results of the assessment; low quality: further
studies are likely to influence the reliability of the efficacy
evaluation, and this assessment is likely to change; and extremely
low quality: any efficacy evaluation results are very uncertain.
Two reviewers (BX and CZY) assessed quality independently and
solved disagreement by discussion.
2.6. Statistical analysis

The incidence of EC in each study was regarded as a binary
variable. Study-specific risk ratio (RR) was assessed by a fixed- or
random-effect model[32] using Cochrane Library software
Review Manager (version 5.3 software). I2 value was adopted
for the quantification of statistical inconsistency between studies
due to heterogeneity, in which I2<30% demonstrated mild
heterogeneity, I2 is between 30% and 70% showed moderate
heterogeneity, and I2>70% suggested severe heterogeneity.[33]

Funnel plot analysis was used to assess publication bias using
Stata software (version 12.0). P< .05 was considered statistically
significant.

3. Results

A total of 339 articles were identified during the initial search.
After a careful review, studies on other cancers except EC in
patients with DM were excluded, and 75 relevant articles were
obtained for further evaluation. Finally, 13 studies[1,16,19–29]

were included in this meta-analysis (Fig. 1), including 20,611
cases and 177,186 controls. The detailed information of subjects
in this study was listed in Table 1. In addition, the results of
GRADE were shown inTable 2.
Due to the significant heterogeneity (I2=82%; P< .001), we

chose the random-effect model to estimate the pooled RR. The
results showed a meaningful association between DM and EC,
suggesting DM was a risk factor for EC (RR=1.28, 95% CI:
1.12–1.47, P< .001) (Fig. 2). Subsequently, the subgroup
analysis based on gender revealed that male was a significant
risk factor for EC (RR=1.53, 95% CI: 1.44–1.62, P< .001), but
female was not (RR=1.23, 95% CI: 0.41–3.69, P= .71)
(Table 3). In addition, subgroup analysis based on ethnicity
showed that DM was significantly correlated to EC in North
American subjects (RR=1.39, 95%CI: 1.31–1.47, P< .001) and
in European subjects (RR=1.37, 95% CI: 1.02–1.83, P= .04);
however, no correlation was found in Asian subjects (RR=0.98,
95% CI: 0.50–1.95, P= .96) (Table 3).
When we limited the meta-analysis to the 6 studies specified for

the subtypes of EAC,[1,24,25,27,34,35] we found a positive
association between EAC and diabetes (RR=1.43, 95% CI:
1.35–1.51, P< .001) (Table 3). Obesity, smoking habits, and
alcohol use are 3 of the most important confounders for the
association between diabetes and EC risk. And we found a
significant association between diabetes and EC (RR=1.41, 95%
CI: 1.19–1.67, P< .001) when controlled for body mass index
with a meta-analysis including 7 studies. Similarly, a significant
correlation was also found between diabetes and EC risk, when
we limited the meta-analysis to the studies that controlled for



Figure 1. The publication selection process.
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smoking habits (RR=1.42, 95% CI: 1.26–1.61, P< .001) or
alcohol use (RR=1.44, 95% CI: 1.23–1.70, P< .001).
Moreover, the publication bias analyses showed that the funnel

plots seemed basically symmetric, and the results of the Begg test
(P= .951) and the Egger test (P= .742) indicated that there was
no publication bias in the present study (Fig. 3). Subsequently, the
funnel plots based on ethnicity showed that there was no
publication bias (Fig. 4A–C). And the funnel plots based on
gender revealed that there was no publication bias (Fig. 5D, E). In
addition, the funnel plots of specific for EAC (Fig. 6F),
adjustment for smoking (Fig. 6G), adjustment for smoking
(Fig. 6H), and adjustment for smoking (Fig. 6J) indicated that
there was no publication bias.

4. Discussion

This meta-analysis suggested that diabetic group may have an
approximately 28% increased risk of developing EC, which
was consistent with a previous meta-analysis.[14] The subgroup
analysis indicated that in diabetic patients, gender and ethnicity
affected the EC susceptibility, and male, North America
subjects and Europe subjects were the important risk factors
for EC.
As we all know, DM is a very common disease, and its

prevalence has been significantly increased around the world.[36]

T2DM has a positive correlation with some types of human
cancer, such as hepatocellular carcinoma, breast cancer,
endometrial cancer, bladder cancer, and kidney cancer.[12–16]

However, the mechanism of how EC developed in patients with
DM remains unclear, and there are several possible mechanisms
below:
3

(1)
 Hyperglycemia is the connecting link between DM and
cancer.[37] Hyperglycemia can cause interaction of the
crosstalk between oxidative stress and advanced glycation
products (AGEs)/advanced glycation products receptor
(RAGE) system. The crosstalk can activate cell signaling
pathways that stimulate cellular growth and inhibit apopto-
sis,[38] which could lead to cancer and cell invasion.[39]

Type 2 diabetes has a correlation with hyperinsulinemia and
(2)

insulin resistance. Hyperinsulinemia is associated with
increased bioactive serum IGF-1 and can upregulate the
concentration of IGF-1. And activation of the IGF-1 and
insulin receptors results in intracellular signaling cascades in
both the extracellular signal-related kinase (ERK) and
phosphatidylinositol-3 kinase (PI3K) pathways, producing
downstream mitogenic, antiapoptotic, and proangiogenic
effects that may favor tumor growth in EAC.[40] What is
more, the study demonstrated that serum total and free IGF-1
levels are significantly increased among viscerally obese
patients compared with normal weight controls, and among
patients with EAC comparedwith Barrett esophagus (BE) and
healthy controls.[41]

Delayed gastric emptying commonly seen in DM may be
(3)

another mechanism.[42]

Gastric hypomotility is a key factor for reflux symptom
(4)

development and progression which may lead to BE and
EAC.[43]

Obesity which is common in T2DM is an established risk
(5)

factor for EAC, although the precise mechanism remains
unknown. An emerging hypothesis is that metabolic aberra-
tions accompanied with obesity lead to changes in hormones
and cytokines, including insulin, and serum insulin may play

http://www.md-journal.com


Table 1

Summary of included studies.

Author Year Country Study population Diagnosis of DM OR of EC (95%CI) Confounders or adjusted factors NOS

Agrawal 2014 America Dayton Veterans Affairs
Medical Center
database

Questionnaire 0.57 (0.30–1.11) Age, sex, race, BMI, smoking,
alcohol, aspirin, metformin, statin,
and PPI use

7

Becker 2013 United
Kingdom

General Practice Research
database

Questionnaire 1.13 (1.01–1.27) Age, sex, smoking, BMI, alcohol use,
history of CHF or hypertension or
stroke or diabetes or GERD or
Barrett esophagus, NSAIDs use

7

Bosetti 2012 Italy Case–control study Questionnaire 2.22 (1.36–3.63) Age, anthropometric measures,
smoking, alcohol, dietary habits,
personal medical history, family
history of cancer

7

Cheng 2012 Taiwan National Health Insurance
database

Antidiabetic drug 0.99 (0.71–1.37) Age, sex 6

Cheng 2000 United Kingdom Case–control study Questionnaire 7.0 (0.9–56.9) Age, BMI, drinking, smoking, aspirin
or vitamin use, history of
breastfeeding

7

Chiou 2011 Taiwan Chang Gung Memorial
Hospital

Examination 0.50 (0.35–0.71) Age 6

Dixon 2015 America Interrogation of an
administrative database

Questionnaire 2.23 (1.75–2.82) Age, race, history of GERD, married,
alcohol, tobacco use

7

Jiang 2012 America Los Angeles County
Cancer Surveillance
Program

Questionnaire 1.48 (0.94–2.32) Age, sex, race, BMI smoking, reflux
symptoms

7

Kuriki 2007 Japan Hospital-based
epodemiologic research
program

Questionnaire male: 1.71 (1.71–2.50)
female: not estimated

Age, BMI, drinking and smoking,
physical activity, bowel movement,
family history of cancer or
diabetes, dietary restriction, raw
vegetable intake, grease food
intake

7

La Vecchia 1994 Italy Case–control study Questionnaire male: 0.9 (0.5–1.5)
female: 0.7 (0.2–2.4)

Age, sex 7

Neale 2009 Australia Major treatment centers
and statebases
cancer throughout
mainland Australia

Questionnaire OAC: 1.32 (0.85–2.05)
GOJAC: 1.23

(0.82–1.87) OSCC:
0.57 (0.30–1.10)

Age, BMI, education, smoking,
gastro-esophageal reflux
symptoms, aspirin use

7

Reavis 2004 America Portland VA Medical
Center

Questionnaire 2.78 (1.38–5.62) Age, sex, comorbid,
laryngopharyngeal reflux symptoms

7

Rousseau 2006 Canada Case–control study Questionnaire 1.3 (0.6–3.1) Age, family income, schooling,
ethnicity, proxy status, BMI

7

BMI=body mass index, CI= confidence interval, DM=diabetes mellitus, EC= esophageal cancer, GERD=gastro-esophageal reflux disease, GOJAC=gastro-oesophageal junction adenocarcinoma, NOS=
Newcastle–Ottawa Quality Assessment Scale, OAC=oesophagus adenocarcinoma, OR= odds ratio, OSCC= oesophageal squamous cell carcinoma.

Table 2

GRADE profile evidence of the included studies.

Quality assessment

Category No. of studies Risk of bias Inconsistency Indirectness Imprecision Publication bias Quality Importance

Overall study 13 Serious
∗

Serious† No No Undetected ⊕○○○ (Very low) Critical
Subgroup analysis ethnicity
North America 5 Serious

∗
No No No Undetected ⊕⊕○○ (Low) Critical

Europe 4 Serious
∗

Serious† No No Undetected ⊕○○○ (Very low) Critical
Asian 3 Serious

∗
Serious† No No Undetected ⊕○○○ (Very low) Critical

Gender
Male 4 Serious

∗
No No No Undetected ⊕⊕○○ (Low) Critical

Female 3 Serious
∗

Serious† No No Undetected ⊕○○○ (Very low) Critical
Specific for EAC 6 Serious

∗
No No No Undetected ⊕⊕○○ (Low) Critical

Adjustment for smoking 8 Serious
∗

Serious† No No Undetected ⊕○○○ (Very low) Critical
Adjustment for BMI 7 Serious

∗
Serious† No No Undetected ⊕○○○ (Very low) Critical

Adjustment for alcohol use 6 Serious
∗

Serious† No No Undetected ⊕○○○ (Very low) Critical

BMI=body mass index, EAC= esophageal adenocarcinoma, RR= risk ratio.
∗
Evidence limited by study design and implementation (observational study).

† High heterogeneity existed in the comparison.
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Figure 2. All included publications forest plot model.

Table 3

Subgroup analysis of relative risks for the association between diabetes mellitus and esophageal cancer risk.

Tests for heterogeneity Test for overall effect

Subgroup No. of references RR (95% CI) Q P I2, % Z P

Ethnicity
North America 5 1.39 (1.31,1.47) 1.51 .82 0 11.35 <.001
Europe 4 1.37 (1.02,1.83) 17.94 <.001 83 2.1 .04
Asian 3 0.98 (0.50,1.95) 25.81 <.001 92 0.05 .96

Gender
Male 4 1.53 (1.44,1.62) 2.91 .41 0 13.73 <.001
Female 3 1.23 (0.41,3.69) 5.52 .06 64 0.37 .71

Specific for EAC 6 1.43 (1.35,1.51) 7.83 .17 36 12.53 <.001
Adjustment for smoking 8 1.42 (1.26,1.61) 28.41 <.001 75 5.56 <.001
Adjustment for BMI 7 1.41 (1.19,1.67) 18.97 .004 68 3.96 <.001
Adjustment for alcohol use 6 1.44 (1.23,1.70) 27.23 <.001 82 4.46 <.001

BMI=body mass index, CI= confidence interval, EAC=esophageal adenocarcinoma, RR= risk ratio.

Figu
(P=
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a role in BE progression through a number of mecha-
nisms.[4,14] In a word, each of these mechanisms proves a
metabolic abnormality in DM patients and could underlie the
association between EC and DM.
re 3. Funnel plot analysis of all included articles. Begg correlation test
.951) and Egger test (P= .742).

5

In the present meta-analysis, we found that male with DM
had an increased risk of EC. But the detailed mechanisms
involved in this phenomenon are still unclear. As we all know,
male had a predominant position among patients with GERD,
BE, and EC, especially EAC.[14] Although there is no study
investigating this pathway within a single population so far, a
meta-analysis by Cook et al[44] has proved that BE, a
potentially precancerous condition, has a pooled male/female
sex ratio of 1.96/1 (95% CI: 1.77, 2.17/1); and EAC has a
higher sex ratio (7–10:1) in most western countries.[6] This
difference of sex ratio might be in part explained by the
gonadal hormones (for instance, estrogen and androgen),
because previous studies demonstrated that compared to
normal cells, the expression of sex hormone receptors has
been upregulated in human EAC cells.[45,46] In a word, more
researches on the effects of gender on EC with DM needed to be
done for underlying mechanisms and therapeutic interventions.
In addition, we also found the North American and European
subjects had an increased risk of EC compared with Asian
subjects. This may partly result from genetic diversity among
ethnicities. Furthermore, lifestyle (such as diet, smoking,
drinking, etc) could inevitably play an important role in this
process.[14] What is more, the prevalence of obesity in western

http://www.md-journal.com


Figure 4. Funnel plot analysis of (A). Begg correlation test (P=1.000) and Egger test (P= .740). Funnel plot analysis of (B). Begg correlation test (P= .734) and
Egger test (P= .406). Funnel plot analysis of (C). Begg correlation test (P=1.000) and Egger test (P= .804).

Xu et al. Medicine (2017) 96:35 Medicine
countries is higher than that in eastern countries, which is a risk
factor of GERD that could lead to EAC.[4,14]

There are still several limitations in present meta-analysis.
First, case–control studies are susceptible to recall and interview-
er bias. And the assessment of exposure factors in the studies was
based on “self-statement,”which would introduce bias into these
studies and affect the real results. Second, the articles in the
present meta-analysis did not distinguish T1DM from T2DM.
Figure 5. Funnel plot analysis of (D). Begg correlation test (P= .308) and Egger test
test (P= .429).

6

Since the misclassification of diabetes exists, it will weaken the
degree of the correlation between diabetes and EC risk. However,
it is likely that the majority of DM patients in this meta-analysis
are T2DM, as this disease is by far the most common form
particularly in older persons and the incidence of T1DM is less
than T2DM. Third, confounding factor is likely to be present.
Unhealthy lifestyles (such as smoking and alcohol abuse) and
obesity have been considered to increase the risk of cancers.
(P= .286). Funnel plot analysis of (E). Begg correlation test (P= .296) and Egger



Figure 6. Funnel plot analysis of (F) Begg correlation test (P=1.000) and Egger test (P= .191). Funnel plot analysis of (G). Begg correlation test (P= .711) and Egger
test (P= .050). Funnel plot analysis of (H). Begg correlation test (P= .548) and Egger test (P= .050). Funnel plot analysis of (J). Begg correlation test (P=1.000) and
Egger test (P= .134).

Xu et al. Medicine (2017) 96:35 www.md-journal.com
Although most studies in this meta-analysis have controlled these
lifestyle factors, not all interference factors could be completely
ruled out. Moreover, no researches could exclude the effects of
hypoglycemic drugs, which may increase or decrease cancer
risks.[47] Each of these may enhance difficulty to assess EC risk in
DM patients, so deep-going researches based on these con-
founding factors are needed.
In this meta-analysis, there were 6 studies presenting results

specific for EAC,[1,24,25,27,34,35] which showed a significant
positive correlation between diabetes and EAC risk. However,
the results need to be interpreted with caution because of several
reasons: The incidence of diabetes among controls was different
from prevailing population estimates for each study; Five studies
adjusted for GERD, which are the most important risk for EAC.
And several studies did not control for smoking habits and body
mass index, which are also risk factors for EAC. The association
may reflect confounding by the 2 risk factors. Therefore, further
researches are to be conducted on the correlation between DM
and EAC.
According to the methodology of GRADE quality evaluation,

the quality of the evidence was very low in overall study result
and most subgroup analysis results, and there were several
possible reasons: the weak study design was unlikely to explain
all of the apparent benefit or harm, even though observational
studies were likely to provide an overestimate of the true effect;
the assessment of exposure factors in the studies was based on
“self-statement,” which would introduce bias into these studies
and affect the real results.
7

In conclusion, this meta-analysis indicates that DM may
have an association with an increased EC risk. However,
it is a pity that most of DM patients only focus on DM
treatment other than prevention of cancers or screening for
several types of cancers.[48] Therefore, comprehensive therapeu-
tic interventions should be seen in DM patients. As the
association between DM and EC remains in dispute, a well-
designed prospective study on the correlation between DM and
EC is still to be warranted.
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