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AbstrACt
Objectives To evaluate the risk of developing cancers, 
particularly site-specific cancers, in women with 
gestational diabetes mellitus (GDM) in Taiwan.
setting The National Health Insurance Research Database 
(NHIRD) of Taiwan.
Participants This study was conducted using the 
nationwide data from 2000 to 2013. In total, 1 466 596 
pregnant women with admission for delivery were 
identified. Subjects with GDM consisted of 47 373 women, 
while the non-exposed group consisted of 943 199 women 
without GDM. The participants were followed from the 
delivery date to the diagnosis of cancer, death, the last 
medical claim or the end of follow-up (31 December 
2013), whichever came first.
Primary outcome measures Patients with a new 
diagnosis of cancer (International Classification of 
Diseases, ninth edition, with clinical modification (ICD-9-
CM codes 140–208)) recorded in NHIRD were identified. 
The risk of 11 major cancer types was assessed, including 
cancers of head and neck, digestive organs, lung and 
bronchus, bone and connective tissue, skin, breast, 
genital organs, urinary system, brain, thyroid gland and 
haematological system.
results The rates of developing cancers were 
significantly higher in women with GDM compared with 
the non-GDM group (2.24% vs 1.96%; p<0.001). After 
adjusting for maternal age at delivery and comorbidities, 
women with GDM had increased risk of cancers, including 
cancers of nasopharynx (adjusted HR, 1.739; 95 % CI, 
1.400 to 2.161; p<0.0001), kidney (AHR, 2.169; 95 % 
CI, 1.428 to 3.293; p=0.0003), lung and bronchus (AHR, 
1.372; 95 % CI, 1.044 to 1.803; p=0.0231), breast (AHR, 
1.234; 95% CI, 1.093 to 1.393; p=0.007) and thyroid 
gland (AHR, 1.389; 95 % CI, 1.121 to 1.721; p=0.0026).
Conclusion Women with GDM have a higher risk of 
developing cancers. Cancer screening is warranted in 
women with GDM. Future research should be aimed at 
establishing whether this association is causal.

IntrOduCtIOn 
Pregnancy is normally accompanied by 
insulin resistance, which is facilitated by 
placental production of diabetogenic 

hormones. Gestational diabetes mellitus 
(GDM) develops in pregnant women whose 
pancreatic islet function is inadequate to 
overcome the insulin resistance that accom-
panies pregnancy.1 GDM is associated with 
adverse outcomes of pregnancy, for example, 
preeclampsia, macrosomia and caesarean 
delivery.1 The prevalence of GDM varies 
worldwide and among racial and ethnic 
groups,2 and is generally in parallel with 
the prevalence of type 2 diabetes (T2DM). 
Indeed, it has been shown that women 
diagnosed with GDM are at lifetime risk of 
developing T2DM subsequently.3 Lately, the 
prevalence of GDM has been on the rise.4 
The reasons for this phenomenon may be an 
increase in maternal age, obesity issues and a 
decrease in daily physical activity.

Accumulating lines of evidence have 
demonstrated an association between T2DM 

strengths and limitations of this study

 ► Our study represents the first one to document that 
women with GDM have a higher risk of developing 
cancers of nasopharynx, lung and bronchus and 
kidney.

 ► This nationwide population-based cohort study in-
cluded more than one million women, making selec-
tion bias minimal.

 ► The use of big data from Taiwan NHIRD also de-
creased the risk of recall bias, which is inherent to 
self-reporting, thus making our findings potentially 
generalisable.

 ► The data from NHIRD lack information on other fac-
tors that may be associated with GDM and cancer, 
such as smoking, alcohol consumption, obesity, 
dietary style, environmental exposure, genetic pa-
rameters, subtypes of cancer and family history of 
cancers.

 ► The relatively short follow-up period (6.84±3.05 
years) in our study may not have allowed some 
slow-growing cancers to be detected.

http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2018-024583
http://dx.doi.org/10.1136/bmjopen-2018-024583
http://dx.doi.org/10.1136/bmjopen-2018-024583
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-024583&domain=pdf&date_stamp=2019-02-21
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and certain types of cancers. Although the exact causes for 
this phenomenon are not yet fully understood, chronic 
hyperinsulinemia, which is prompted by insulin resis-
tance, has been proposed to be the major channel through 
which T2DM can trigger tumour growth. Some studies, 
although not all, suggested that T2DM may contribute 
to an increased mortality.5 Interestingly, the increase in 
cancer risk has been found not only in T2DM but also 
in pre-diabetes.6 GDM is characterised by hyperglycemia, 
insulin resistance, hyperinsulinemia and increased levels 
of insulin-like growth factor 1(, which can potentially lead 
to uncontrolled growth of cells and cancer.1 7 Since GDM 
has the same characteristics as T2DM and is a predictor 
for subsequent overt T2DM, it is plausible that GDM may 
represent a risk factor for the future cancers. Indeed, 
several studies have been conducted to address whether 
GDM increases risk of cancer, but yielded mixed results 
probably because of methodological limitations such as 
self-reported GDM information, relatively small popula-
tion and insufficient statistical power resulting from rare 
occurrence of cancers among young women.7–13

Most previous studies focused on the association 
between GDM and breast cancer. Only a few have investi-
gated the relationship between GDM and other types of 
cancers. Moreover, few studies on the association between 
cancer and GDM have been carried out in Asia-Pacific 
region where certain types of cancer are particularly prev-
alent. Therefore, it is unknown whether currently avail-
able data can be generalised to different ethnic groups.

The aim of this study was to determine the risk of 
developing cancers particularly site-specific cancers in 
women with prior GDM using the National Health Insur-
ance Research Database (NHIRD), which was created by 
National Health Research Institutes (NHRI) for academic 
research.14

MAterIAls And MethOds
source of data
Data in NHIRD were used. NHIRD contains the regis-
tration files and original claim data for reimbursements 
from the national health insurance (NHI) programme of 
Taiwan; This NHI programme was implemented in 1995 
and covers 99.5% of the 23 million residents in Taiwan. 
The NHI programme offers a comprehensive, unified 
and universal health insurance programme to all citi-
zens. The coverage includes outpatient service, inpatient 
care, dental care, childbirth, physical therapy, preventive 
healthcare, home care and rehabilitation for chronic 
mental illnesses.15 The database provides all dates of 
inpatient and outpatient services, diagnosis, prescrip-
tions, examinations, operations, and expenditures, and is 
updated biannually.

Patient and public involvement
In the present study, we used NHIRD, which is the data 
of insurance claims with anonymised identifications. No 
patients or public were involved.

study groups
This study used data published by the NHRI in Taiwan 
and covered the years from 2000 to 2013. The diagnostic 
coding of the NHI in Taiwan was performed according to 
the International Classification of Disease, ninth revision, 
Clinical Modification (ICD-9-CM) diagnostic criteria.

Inclusion and exclusion criteria
A total of 1 466 596 pregnant women with admission for 
delivery were found in the NHIRD between 1 January 
2000 and 31 December 2013 (figure 1). Subjects were 
traced back 2 years before delivery to identify if there was 
a past history of malignancy or diabetes and assess base-
line comorbidities, which may confound the association 
between GDM and malignancy. In this context, women 
with admission for delivery between 1 January 2002 and 
31 December 2012 were further analysed to avoid pre-ex-
isting malignancy and ensure adequate period of time 
in follow-up. Among these women, we identified 47 373 
women who had been diagnosed with gestational diabetes 
(ICD-9-CM code 648 250), and had at least two consensus 
diagnoses at prenatal outpatient visits or at least one 
diagnosis at inpatient admissions during the prenatal 
period to ensure the validity of diagnosis (figure 1). The 
remaining 943 199 women without GDM, diabetes or 
malignancy were used as the non-exposed group. The 
incidence of GDM was 4.78 in 100 deliveries during the 
11 year span (table 1).

Those women who were not admitted for delivery 
within the time frame between 1 January 2002 and 31 
December 2012 were excluded (n=422 568). Subjects 
with a history of malignancy (ICD-9-CM codes 140 to 208) 
(n=9809) 2 years before delivery, or diabetes (ICD-9-CM 
codes 250) (n=37 026) before pregnancy were excluded. 
The date of delivery was set as the index date. To avoid 
the inclusion of patients with cancers that arose during 
or before pregnancy, GDM and the non-exposed partic-
ipants were followed for 180 days after delivery until 
malignancy diagnosis, death, the last medical claim or the 
end of study follow-up (31 December 2013), whichever 
came first. We excluded the women with a cancer diag-
nosis during pregnancy or within 180 days post-partum 
(n=778). Five thousand eight hundred twenty-seven 
patients were also excluded due to loss of follow-up within 
180 days after delivery.

Primary outcome
The primary outcome was defined as a new diagnosis 
of any cancer (ICD-9-CM codes 140–208) recorded in 
NHIRD between 1 January 2002 and 31 December 2013.

sub-classification of cancers
We classified cancers into the 11 groups as previously 
described,12 on basis of the ICD-9-CM: cancers of head 
and neck, digestive organs, lung and bronchus, bone and 
connective tissue, skin, breast, genital organs, urinary 
system, brain, thyroid gland and haematological system.
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Baseline comorbidities were assessed for 2 years and 
included hypertension (ICD-9-CM codes 401–405), dyslipid-
emia (ICD-9-CM code 272), liver disease (ICD-9-CM codes 
070, 571), infertility (ICD-9-CM codes 628) and kidney 
disease (ICD-9-CM codes 582–3, 585–6, 588). These comor-
bidities were selected because they have been shown to be 
associated with both GDM and risk of cancers.16–25

statistical analysis
Continuous variables were presented as the mean with SDs. 
The χ2 test was used to compare categorical variables, and 
the differences among continuous variables were compared 
using the Student’s t-test. The proportion of patients with 
cancer was plotted by Kaplan–Meier curves with log-rank test 
constructed to compare the cumulative incidence of any type 
of cancer between subjects with and without GDM. The HR 

of cancer was estimated by Cox proportional regression anal-
ysis, which was adjusted for potential confounding variables, 
such as age and comorbidities. The predictors satisfied the 
proportional hazard assumption in Cox model. The statis-
tical significance was inferred at a two-sided p value of <0.05. 
All statistical analyses were performed using the Statistical 
Analysis Software (SAS) System, V.9.4 (SAS Institute, Cary, 
North Carolina, USA). Kaplan-Meier curves were plotted 
using Stata V.12 (Stata Corp, College Station, Texas, USA).

results
Table 1 lists the clinical characteristics of subjects. 
Overall, 990 572 women were analysed. Among them, 
47 373 women had GDM. The remaining 943 199 women 
without GDM served as the non-exposed group. The 

Figure 1 Flow chart for population selection. GDM, gestational diabetes mellitus; ICD-9-CM, International Classification of 
Diseases, ninth edition, with clinical modification; NHIRD, National Health Insurance Research Database; OPD, outpatient 
department. 
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average length of follow-up was 6.84±3.05 years, and mean 
age was 28.97±4.91 years. The incidence of GDM was 
4.78% during the 11 year span. Women with GDM had 
a higher rate of comorbidities than those in the non-ex-
posed group, including hypertension, dyslipidemia, liver 
disease, infertility and kidney disease (table 1).

Table 2 shows that the adjusted HR of developing any 
type of cancer among women with GDM was 1.197 (95% 

CI, 1.125 to 1.274) compared with women without GDM 
after adjusting for age and comorbidities.

Patients with GDM were diagnosed with cancer 
(n=1063, 2.24%) at a significantly higher rate than those 
without GDM (n=18 444, 1.96%; p<0.001) (table 3). 
Figure 2 shows the cumulative incidence rates of any type 
of cancer in patients with or without GDM from the index 
date until the first occurrence of cancer. The patients with 
GDM had higher cancer incidence rates compared with 
those patients without GDM (log-rank test: p<0.0001).

Adjusting for maternal age at delivery and comorbid-
ities, women with a history of GDM had an increased 
risk of cancers, including cancers of nasopharynx (AHR, 
1.739; 95 % CI, 1.400 to 2.161; p<0.0001), kidney (AHR, 
2.169; 95 % CI, 1.428 to 3.293, p=0.0003), lung and bron-
chus (AHR, 1.372; 95 % CI, 1.044 to 1.803; p=0.0231), 
breast (AHR, 1.234; 95 % CI, 1.093 to 1.393; p=0.0007) 
and thyroid gland (AHR, 1.389; 95 % CI, 1.121 to 1.721; 
p=0.0026) (table 3).

dIsCussIOn
The major findings of this study are as follows: (1) GDM 
is associated with a 19.7% higher risk of developing 
malignancy. (2) Women with GDM are at a higher risk of 
developing cancers of nasopharynx, lung and bronchus, 
kidney, breast and thyroid glands.

One of our novel findings is that women with GDM 
are more likely to develop nasopharyngeal cancer (NPC) 
during the period of follow-up. NPC differs from other 
head and neck cancers in epidemiology, histology, 
natural history and response to treatment. NPC is one 
of the neoplasms that are linked to infectious agents and 
displays a distinct racial and geographic distribution. 
While NPC is rare in Europe and America, it is endemic 

Table 1 Baseline characteristics

Pregnancy 
women with 
GDM

Pregnancy 
women without 
GDM P value

Number of population,  
n (%)

47 373 (4.78) 943 199 (95.22)

Age, y, mean±SD 31.61±4.54 28.83±4.89 <0.0001

Age group, n (%) <0.0001

  ≤20 407 (0.86) 45 942 (4.87)

  21–30 18 617 (39.30) 558 108 (59.17)

  31–40 27 203 (57.42) 329 929 (34.98)

  41–50 1146 (2.42) 9220 (0.98)

Comorbidity, n (%)

  Hypertension  
(ICD-9:401–405)

1479 (3.12) 7743 (0.82) <0.0001

  Dyslipidemia  
(ICD-9:272)

1132 (2.39) 8197 (0.87) <0.0001

  Liver disease  
(ICD-9:070, 571)

3165 (6.68) 44 509 (4.72) <0.0001

  Infertility, female  
(ICD-9:628)

8001 (16.89) 94 405 (10.01) <0.0001

  Kidney disease (ICD-
9:582–3, 585–6, 588)

51 (0.11) 626 (0.07) 0.0008

GDM, gestational diabetes; ICD-9, International Classification of 
Disease, ninth Revision.

Table 2 HR of developing cancer in relation to baseline characteristics of study participants

Crude HR (95% CI) P value Adjusted HR (95% CI) P value

Patients

  GDM 1.421 (1.336 to 1.512) <0.0001 1.197 (1.125 to 1.274) 0.0012

  Non-GDM 1.0 (ref) 1.0 (ref)

Age

  ≤20 1.0 (ref) 1.0 (ref)

  21–30 1.627 (1.488 to 1.779) <0.0001 1.581 (1.446 to 1.729) <0.0001

  31–40 2.843 (2.600 to 3.109) <0.0001 2.678 (2.448 to 2.930) <0.0001

  41–50 4.883 (4.291 to 5.556) <0.0001 4.479 (3.933 to 5.100) <0.0001

Comorbidity, n (%)

  Hypertension (ICD-9: 401–405) 1.471 (1.291 to 1.677) <0.0001 1.114 (0.976 to 1.272) 0.1101

  Dyslipidemia (ICD-9: 272) 1.866 (1.648 to 2.113) <0.0001 1.395 (1.229 to 1.583) <0.0001

  Liver disease (ICD-9: 070, 571) 1.573 (1.486 to 1.665) <0.0001 1.432 (1.351 to 1.517) <0.0001

  Infertility, female (ICD-9: 628) 1.397 (1.340 to 1.457) <0.0001 1.185 (1.136 to 1.236) <0.0001

  Kidney disease (ICD-9: 582–3, 585–6, 588) 2.077 (1.403 to 3.073) 0.0003 1.623 (1.095 to 2.404) 0.0159

GDM, gestational diabetes; ICD-9, International Classification of Disease, ninth Revision.
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in South-eastern Asia including Taiwan where Epstein-
Barr virus (EBV) infection is prevalent.26 The recrudes-
cence of EBV in immunocompromised patients has been 
characterised by activating the expression of EBV latency 
genes, consequently immortalising the infected cells 
and leading to carcinogenesis.27 Indeed, the immune 
dysfunction inherent to T2DM increases the suscepti-
bility to various infections and risk of reactivating latent 
virus infections as well, eventually contributing to higher 
rates of mortality.28–31 It is unknown whether GDM, a 
pre-diabetes condition, is pathogenetically linked to 
reactivation of EBV infection and subsequent malignant 
transformation. It is also unknown whether shared envi-
ronmental risk factors and genetic susceptibility can be 
other explanations.

Another novel finding in our study is that the risk 
of developing kidney cancer is significantly higher in 
women with GDM, compared with those without GDM. 
The aetiology of kidney cancer remains elusive, but 
smoking, hypertension, obesity, analgesics use, chronic 
kidney disease (CKD) and genetic defects are potential 
risk factors.32 33 Of these factors, obesity and hyperten-
sion also characterise GDM.1 Indeed, it has been shown 
that patients with T2DM have a higher risk of developing 
kidney cancers.34 35 In fact, GDM is associated with subse-
quent development of T2DM and CKD.3 25 It is unknown 
whether prevention of CKD would reduce the risk of 
kidney cancer in women with GDM.

Our study is also the first to demonstrate the associa-
tion between GDM and lung cancers, which is the most 
common cancer around the world.36 The prevalence of 
both lung cancer and GDM has been on the increase 
in Taiwan and worldwide.4 37 Whether this association 
is causal remains to be determined. Importantly, GDM 
and lung cancer do share common risk factors such as 
smoking, dietary style and obesity.36 38 It is unknown 
whether modification of these risk factors could impact 
this association.

In the present study, we also observed a clear associ-
ation between GDM and breast cancer. Previous studies 
on the association between GDM and breast cancer 
have produced mixed results.7–13 39–44 The reasons for 
the discrepancy are not clear. They could be explained 
by methodological limitations. First, most of these 
studies were based on self-reported information about 
GDM,9–11 39 41 42 44 which is prone to recall bias. Second, 
small sample size and relatively rare occurrence of cancer 
among young women may result in inadequate statistical 
power, contributing to inconsistency. In these regards, 
our big database from Taiwan NHIRD confers an advan-
tage to overcome these methodological limitations.

In agreement with a previous study,8 we showed that 
GDM was associated with a 38.9% higher risk of devel-
oping thyroid cancer. Interestingly, a large study from 
USA found that the risk of thyroid cancer was significantly 
increased in women, but not in men, with diabetes.45 
Taken together, women with GDM may represent a 
readily recognisable subgroup that deserves a more inten-
sive surveillance for thyroid cancer.

The elucidation of the relationship between GDM and 
later cancer risk may not be straightforward. It is conceiv-
able that GDM may impact subsequent cancer risk through 
certain direct or indirect pathophysiological mechanisms 
such as hyperglycemia, hyperinsulinemia secondary to 
insulin resistance and chronic inflammation. Shared risk 
factors for GDM and cancers can be other explanations, 
for example smoking, alcohol drinking, obesity, physical 
inactivity, hypertension and dietary style.

Insulin has mitogenic effects on cells.46 On the other 
hand, hyperglycemia can induce production of reactive 
oxygen species, which can initiate carcinogenesis by 
damaging cellular DNA.47 48

Recently, the role of systemic inflammation in the 
pathogenesis of GDM has gained more and more atten-
tion. Increased circulating levels of interleukin-6 and 
C-reactive protein have been observed in GDM indepen-
dent of obesity,49 50 suggesting GDM as a state of low-grade 
inflammation. Inflammation is also a hallmark of cancer 
and is widely recognised to influence all cancer stages 
from cell transformation to metastasis.51 Therefore, 
chronic and systemic inflammation may represent the 
biological phenomenon linking GDM to cancer devel-
opment. Future investigations on the role of low-grade 
inflammation in GDM may help identify biomarkers that 
can better predict, diagnose and monitor the evolution 
of GDM. Moreover, specific inflammatory pathways may 
represent novel targets for treatment and prevention of 
long-term adverse outcomes of GDM, including cancer 
development.

There were several strengths in this study. First, this is 
population-based study with a large nationally represen-
tative sample from Taiwan NHIRD, thus making selection 
bias minimised. Second, the use of NHIRD reduced the 
potential recall bias that is inherent to self-reporting.

Limitations of this study included the lack of infor-
mation about parity, multiple GDM pregnancy and the 

Figure 2 The cumulative incidence rates of any type of 
cancer in patients with or without gestational diabetes 
mellitus (GDM) from the index date until the first occurrence 
of the cancer using Kaplan-Meier methods.
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histology, subtype and staging of cancer. Second, our study 
did not have information about potential confounders 
such as dietary, obesity, physical activity, smoking, alcohol 
consumption, environmental exposure and genetic 
parameters. Third, the follow-up period may not be long 
enough to allow detection of cancers in young women.

COnClusIOns
This population-based analysis of Taiwan NHIRD showed 
that women with GDM in Taiwan have an increased 
risk of developing malignancy including cancers of 
nasopharynx, lung, kidney, breast and thyroid gland. 
Prevention of GDM may be an important strategy in 
curbing the development of certain types of cancers in 
the future. Our study also highlights under-recognised 
cancers in women with GDM that warrants further inves-
tigations to develop different surveillance strategies for 
cancer development in GDM patients in different ethnic 
groups.
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