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Background: Diabetes mellitus (DM) has been identified to be both a risk factor and a 

prognostic factor in a variety of malignancies, but its association with the risk and outcome 

of nasopharyngeal carcinoma (NPC) is still unclear. To elucidate this issue, we systematically 

reviewed the evidence concerning the association between DM status and NPC.

Materials and methods: We identified studies by a literature search of PubMed, Embase, and 

ISI Web of Knowledge through May 31, 2017, and by searching the reference lists of pertinent 

articles. Odds ratios (ORs) and hazard ratios (HRs) with 95% CIs were used to estimate the 

effect size. Heterogeneity across studies was evaluated by the Cochran’s Q and I2 statistics.

Results: A total of nine studies were included. Four studies with a total sample size of 

221,611 reported the effect of DM on NPC risk, and the other five studies with a sample size 

of 9,442 reported the impact of DM on survival in NPC patients. All included studies were 

retrospective, and mostly conducted in Asian populations. Meanwhile, condition of metformin 

usage was not considered in all studies. A pooled OR of 0.65 (95% CI: 0.43–0.98, P=0.04) 

revealed an inverse association between DM and NPC. Additionally, pooled analyses of 

studies investigating the prognosis value of DM revealed that preexisting DM had no effect 

on overall survival (HR =1.17, 95% CI: 0.94–1.46, P=0.16), local recurrence-free survival 

(HR =1.16, 95% CI: 0.80–1.67, P=0.44), and distant metastasis-free survival (HR =1.14, 

95% CI: 0.92–1.40, P=0.22).

Conclusion: Our results suggested that DM patients might have decreased NPC risk, and 

have little impact on prognosis of NPC patients. This conclusion should be limited to Asian 

population. Our results also suggest that more attention should be paid to metformin medication 

in further studies in order to clarify whether the effects of DM on NPC risk and prognosis are 

influenced by the anticancer effect of metformin.

Keywords: diabetes mellitus, nasopharyngeal carcinoma, risk factor, prognosis factor, a 

meta-analysis, evidence based medicine

Introduction
The relationship between malignancies and diabetes mellitus (DM) has become a 

critically important area of study because of the concomitant increase in the incidence 

of DM.1 Epidemiological studies suggest that individuals with DM have an elevated 

risk of various types of cancers, such as hepatocellular carcinoma, cholangiocarcinoma, 

pancreatic duct adenocarcinoma, gastric cancer, colorectal cancer, renal carcinoma, 

bladder cancer, and breast cancer.2–7 Additionally, DM has been identified to be an 

adverse prognostic factor for various kinds of cancers, and many studies identified 

that cancer patients with preexisting diabetes are at increased risk for poor prognosis 

compared with those without diabetes.8,9 However, in contrast to the findings in most 

cancer types, DM appeared to have no impact on the prognosis of head and neck 
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cancer,10 and a study even found that patients with DM 

had a weakly decreased risk of head and neck squamous 

cell cancer.11

Nasopharyngeal carcinoma (NPC) is a unique type of 

head and neck cancer, with a low incidence rate below 2 

per 100,000 person-years in western countries.12 Conversely, 

NPC shows a particularly high incidence in Southeast Asia 

and its surrounding regions.13 NPC demonstrates distinct 

epidemiology, etiology, pathophysiology, clinical charac-

teristics, and therapeutic model in comparison with other 

cancers, including other squamous cell carcinomas of the 

head and neck.14 Studies also reported controversial results 

about the relationship between DM and NPC.15–23 Therefore, 

the present study aimed to summarize results from relevant 

studies, and to provide insight into the relationship between 

DM and NPC.

Materials and methods
Search and filtration strategy
A systematic literature search of PubMed, Embase, and 

ISI Web of Knowledge was conducted to retrieve clinical 

studies up to May 2017. We used MeSH terms and text words 

related to both the exposure (diabetes, diabetes mellitus, 

blood glucose, hyperglycemia, and impaired glucose toler-

ance) and populations (nasopharynx cancer, nasopharynx 

carcinoma, nasopharynx neoplasm, nasopharyngeal cancer, 

nasopharyngeal carcinoma, nasopharyngeal neoplasm, 

pharyngeal cancer, pharyngeal carcinoma, and pharyngeal 

neoplasm) to search for related articles. The language of all 

publications was limited to English only. The initial selec-

tion was performed to exclude obviously irrelevant articles 

and retain potentially relevant articles about the effect of 

DM on NPC risk and/or outcome by an analysis of the title 

and abstract by two independent investigators (G Guo and 

M Fu). Thereafter, the full text was reviewed according to 

the including criteria: 1) prospective and retrospective studies 

that researched the relationship between DM and NPC risk; 

2) one of the following risk indexes, including odds ratio 

(OR), relative risk (RR), rate difference, or attributable risk, 

along with the 95% CIs or P-values should be available. The 

following publications were excluded: duplicated literatures, 

duplicated reported data, letters, reviews, expert opinions, 

or case reports.

Data extraction and quality assessment
Two investigators (G Guo and M Fu) independently 

extracted data from the full manuscript independently using 

a standardized form. The following items were collected 

from each study: first author, year of publication, study 

design, geographic areas of the study population, sample 

size, age and sex of patients, follow-up time, statistic model, 

and outcome measurements. For assessing the impact of DM 

on NPC risk, OR was preferred as the primary outcome. The 

hazard ratio (HR) was preferred for evaluating the survival 

outcome because it is time-to-event data. For studies that 

reported only survival curves, the HR values were obtained 

by contacting the authors or were estimated by the methods 

described by Tierney et al.24 Multivariate outcomes were 

used for meta-analyses, but univariate outcomes were 

used instead if no multivariate results were presented. The 

quality assessment of included studies was independently 

applied using the “Newcastle–Ottawa Scale (NOS)”, which 

includes three domains with eight items. Each item could be 

awarded 1 to a maximum of 2 score, and the total possible 

score was 9. Study with a score $6 was deemed as being 

of good quality.

statistical analysis
All meta-analyses were performed using Review Manager 

software (Version 5.3; The Cochrane Collaboration, Copen-

hagen, Denmark). The heterogeneity of the included studies 

was evaluated using the Cochran’s Q-test and Higgins 

I 2 statistic. Pooled analysis with a P$0.10 or I 2#50% 

was considered to have low heterogeneity, and a fixed-effects 

model was subsequently applied. Otherwise, the random-

effects model was applied for meta-analysis. Additionally, 

the funnel plot was used to evaluate the publication bias. 

A two-tailed P,0.05 was considered statistically significant. 

All the results are presented in the forest plots.

Results
Figure 1 shows the flow chart for study selection. Initially, 

296 articles were retrieved using the search words, of 

which 80 were duplicates. After title and abstract screening, 

65 studies were involved in the full-text review. Studies that 

did not report NPC risk or survival information, and those 

that were basic researches, reviews, case reports, commen-

taries, or meta-analyses were excluded from our analysis. 

The reference lists of retrieved reviews and meta-analyses 

were also examined for potential relevant studies, but no 

more articles were identified. After further full-test review, 

56 articles were excluded and nine studies were ultimately 

included in the present meta-analysis,15–23 of which four 

studies reported association between DM and NPC risk 

(Table 1),15–18 and another five studies reported association 

between DM and NPC outcome (Table 2).19–23
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association between DM and nPc risk
The baseline characteristics of the included studies report-

ing association between DM and NPC risk are summarized 

in Table 1. A total of 221,611 patients were included. All 

studies were retrospectively designed. Two studies were 

published in 2014, and the other two studies were published 

in 2016. Three studies were conducted in Southeast Asia, 

and one in Europe. Matched design was introduced in two 

studies,16,18 and three studies used multivariate analysis to 

calculate ORs.16–18 Hsieh et al reported ORs from three sub-

groups instead of the whole cohort.15 Based on the NOS, the 

quality scores of each study were more than 5, ranging from 

6 to 8. The lack of comparability between groups was found 

in two studies.15,17 The study of Tseng et al did not exclude 

potential cancer patients in the control group at the initial 

time of identifying patients.16

To evaluate the relationship between DM and NPC risk, 

we pooled the results of four relevant studies (Figure 2). 

We noted that Hsieh et al reported three RR values from three 

subgroups;15 because each of the three subgroups was from a 

different and independent population, we put them into the 

meta-analysis as three independent studies. The heterogeneity 

test showed that major heterogeneity exists (I2=85%) among 

these studies, and thus a random-effects model was used 

for the analysis. A pooled OR of 0.65 (95% CI: 0.43–0.98, 

P=0.04) revealed an inverse association between DM and 

NPC. Meta-analysis of three studies conducted in Asia 

also showed an inverse association between DM and NPC 

(OR =0.62, 95% CI: 0.39–0.97, P=0.04) (Figure 2).15–17 The 

above results suggest that DM appears to be correlated with 

a trend toward decreased NPC risk, which is quite different 

from the finding that DM is positively associated with an 

increased risk of most other cancers.

association between DM and nPc 
outcome
Five studies reported the influence of DM on outcomes 

among patients with NPC.19–23 The main characteristics of 

these five included studies are listed in Table 2. The included 

studies were published between 2006 and 2017. All studies 

were conducted in Asian population, and 9,442 NPC cases 

were included. All studies retrospectively analyzed data. 

Figure 1 Literature screening flowchart.
Abbreviations: DM, diabetes mellitus; nPc, nasopharyngeal carcinoma.
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Three studies reported the median follow-up period,20,21,23 

with a range between 34.6 and 66.0 months. Four studies 

adopted multivariate analysis method,19–22 but only one study 

used a matched design to select control patients.20 DM was 

identified in the cohorts using blood glucose test results 

validated by medical records in all five studies.

To investigate the impact of DM on prognosis of NPC 

patients, three outcome measurements, including overall 

survival (OS), local recurrence-free survival (LRFS), and 

distant metastasis-free survival (DMFS), were quantitatively 

pooled. The meta-analysis results are displayed in Figure 3. 

Heterogeneity is illustrated in each forest plot. OS outcomes 

were available from all five studies, and the pooled result did 

not show significantly decreased OS in NPC patients with 

DM (HR =1.17, 95% CI: 0.94–1.46, P=0.16, I2=35%). Four 

studies provided sufficient data on LRFS outcome. Pooled 

results did not show a significantly higher risk of tumor 

local recurrence in patients with DM (HR =1.16, 95% CI: 

0.80–1.67, P=0.44, I2=69%). Similarly, four studies provided 

DMFS information, and the DM history and DMFS were not 

found to be significantly associated in the pooled analysis 

(HR =1.14, 95% CI: 0.92–1.40, P=0.22, I2=0%). In summary, 

all of the meta-analysis results found no significant differ-

ences of OS, LRFS, and DMFS when comparing patients 

with diabetes to those with normoglycemia.

Publication bias
Funnel plots were introduced for estimating the publication 

bias. The shape of the funnel plots (Figure 4A and B) seemed 

unsymmetrical, suggesting that there was a potential publica-

tion bias. But due to the less number of studies selected in our 

meta-analysis, the funnel plot is of less significance.

Discussion
Numerous studies have identified close associations between 

DM and a variety of cancers in various populations, suggest-

ing that DM appears to be a risk factor for various kinds of  

cancers, and patients diagnosed with cancer who have 

preexisting diabetes are at increased risk for long-term, 

all-cause mortality compared with those without diabetes.25–29 

The potential link between DM and cancer has been hypoth-

esized to be related to insulin, insulin-like growth factor, 

inflammatory status, metabolic characteristics, and even cer-

tain treatments of the DM.30,31 High levels of insulin (including 

the use of exogenous insulin) and IGF-1 can activate receptors 

and the downstream pathways associated with cell prolifera-

tion and subsequently increase cancer risk and promote cancer 

development.32–34 Other factors and potential mechanism 
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involved chronic subclinical inflammation, abnormal carbo-

hydrate and lipid metabolism, abnormalities in sex hormone 

metabolism, and excessive activation of Akt/mammalian 

target of rapamycin and Wnt/Beta-catenin pathways.35–37 

However, in contrast to the relationship between DM and 

most cancers, our present study showed an inverse associa-

tion between DM and NPC, and found that the diabetic NPC 

patients had prognosis similar to non-DM NPC patients.

Of all the included studies concerning the association 

between DM and NPC risk, only Tseng et al found that DM 

τ χ

τ χ

Figure 2 Forest plots for the association between diabetes mellitus and nasopharyngeal carcinoma.
Notes: The pooled result of all studies and the result of studies conducted in Asia are shown separately. Squares represent the study-specific odds ratio. The diamond 
denotes the pooled odds ratio. horizontal lines represent the 95% cis.
Abbreviations: DM, diabetes mellitus; nPc, nasopharyngeal carcinoma.
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Figure 3 Forest plot for the impact of diabetes mellitus on the prognosis of nasopharyngeal carcinoma patients.
Notes: The impact of diabetes on overall survival, local recurrence-free survival, and distant metastasis-free survival is demonstrated. Squares represent the study-specific 
hazard ratio. The diamond denotes the pooled hazard ratio. horizontal lines represent the 95% cis.
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Figure 4 Funnel plot analysis of the included articles’ publication bias about diabetes mellitus and nasopharyngeal carcinoma.
Notes: (A) Funnel plots based on pooled analyses of Or for evaluating the association between diabetes and nasopharyngeal carcinoma risk; (B) funnel plots based on pooled 
analyses of hazard ratio for evaluating the impact of diabetes on the prognosis of nasopharyngeal carcinoma patients.
Abbreviation: Or, odds ratio.

is associated with an increased risk of developing NPC;16 

however, the study was limited by high risk of selection bias. 

They did not exclude cancer patients while selecting study 

population. In Figure 1 of their manuscript, the cumulative 

incidence curve of cancer in patients with DM showed a 

sharply rising curve at the time the study began, which sug-

gested that there were more preexisting cancer patients in the 

DM cohort than in the non-DM cohort. Besides, the regular 

medical visits in patients with DM might have increased the 

chances of an early diagnosis of cancer. The negative asso-

ciation between diabetes and risk of head and neck cancer 

from the prior reports,11 along with the inverse relationship 

between diabetes and development of larynx cancer,3,38 also 

indirectly suggested that DM could not increase NPC risk.

NPC is a unique type of head and neck cancer, which 

exhibits distinct endemic distribution, close association with 

Epstein–Barr virus, and relative sensitivity to radiation and 

chemotherapy in contrast to other head and neck malignancies.13 

For example, in high-incidence areas, undifferentiated NPC 

is the most frequent histological subtype, and differentiated 

cases are extremely rare, while in western countries, differ-

entiated NPC cases were common and can make up to 25% 

of all NPCs.39–41 The peculiar geographic distribution of NPC 

reflects the differences in NPC subtypes and epidemiologi-

cal patterns of known risk factors. In the study conducted in 

Italy, Zucchetto et al reported that the prevalence of DM in 

differentiated NPC patients was 8.7% compared to a rate of 

4.4% for the undifferentiated cases;18 they also concluded 

that metabolic disorders could increase the risk of differenti-

ated NPC, but not undifferentiated NPC. Therefore, as most 

included studies were conducted in Southeast Asia where dif-

ferentiated NPC was rare, whether the negative pooled result 

was due to histology distribution needs further study.

Many studies have reported a variety of potential mecha-

nisms linking diabetes to carcinogenic processes in various 

kinds of malignancies.30 So far, five studies have examined 

cancer-specific mortality among patients with NPC with or 

without diabetes.19–23 Our current meta-analysis of the present 

five studies did not find a clear correlation between poor 

prognosis of patients with NPC and DM. Overall, with respect 

to mortality among NPC patients with or without DM, only 

Chen et al reported that the diabetes group had a significantly 

increased mortality rate than the non-DM group.22 All of the 

other four studies reported that the diabetic NPC patients had 

similar OS rate to normoglycemic patients.19–21,23 We noted 

that, in the study of Chen et al,22 the follow-up time was not 

reported, and the mortality rate of diabetic NPC patients 

in their cohort was 18%, which was the highest among all 

cancer types in their cohort, even higher than the mortality 

rate (14%) of pancreatic cancer patients reported in their 

cohort. These questioned their results. Besides, regarding 

the LRFS and DMFS, Peng et al reported that the DM group 

had a worse LRFS than the non-DM, but they found that the 

DM NPC patients had similar OS and DMFS to non-DM 

NPC patients. Other studies also did not find that DM had 

prognostic impact on LRFS or DMFS of NPC patients.

The above inconsistent results among the included studies 

of our present meta-analysis may be due to the difference 

in the sample sizes, selection bias, and the confounding 

factors caused by the retrospective nature. Additionally, the 

use of metformin, an insulin sensitizer from the family of 

the biguanides, was not considered in all studies. Metformin 

has been widely used in the treatment of DM for decades and 

is used as a first-line therapy in type 2 diabetes.42 Recently, 

its anticancer potential has also been discovered. Metformin 

shows inhibitory effect on some pathways that play an 
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important role in cancer cell proliferation and angiogenesis, 

thereby inhibiting cancer cell growth and development.43–47 

Emerging evidences showed that the use of metformin in 

cancer patients is related to a survival benefit.48–51 Therefore, 

whether the oncogenic effect of DM on NPC was diminished 

by metformin medication, and thus induced decreased risk of 

NPC in DM population, and a similar survival among NPC 

patients with and without DM need further study. Another 

limitation of the currently available studies on the topic of 

association between DM and NPC risk is that they rarely 

differentiated type 1 DM and type 2 DM, which may have 

an effect on the results as type 1 diabetes and type 2 diabetes 

have totally different pathogenesis. Due to this limitation, 

the present meta-analysis for DM and NPC risk also cannot 

perform a separate analysis for type 1 DM and type 2 DM. 

It is very necessary to differentiate type1 DM and type 2 

DM in future studies.

DM is a chronic disease that can cause hyperglycemia-

related comorbidities such as hypertension, hyperlipidemia, 

nerve damage, and cardiovascular complications.52 It has 

been established that amount and degree of comorbidi-

ties significantly affect the prognosis of NPC patients.53,54 

Interestingly, Kiderlen et al found that patients with diabetes 

without other comorbidity had a similar OS as patients with-

out any comorbidity.55 Peng et al found that patients with 

diabetes-related hyperlipidemia exhibited poor physical 

condition, resulting in poor prognosis, while diabetes did not 

have impact on survival.19 These findings suggest that the 

additional comorbidity in patients with diabetes, but not the 

diabetes itself, plays a major role in affecting the survival of 

patients. More attention should be paid to diabetes-related 

comorbidities, both in clinical management of NPC and in 

further studies involving the effect of diabetes on survival 

of NPC patients.

Conclusion
In our current study, diabetes was found to have neither 

significant impact on NPC risk nor clear association with 

survival of NPC patients. This conclusion should be limited 

to Asian population. Our results also suggest that more 

attentions should be paid to metformin medication in further 

studies in order to clarify whether the effects of DM on NPC 

risk and prognosis are influenced by the anticancer effect of 

metformin.
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