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Abstract
Antidiabetic medications are commonly used around the world, but their safety is still unclear. The aim of this study was to investigate
whether long-term use of insulin and oral antidiabetic medications is associated with cancer risk.
We conducted a well-designed case–control study using 12 years of data from Taiwan’s National Health Insurance Research

Database and investigated the association between antidiabetic medication use and cancer risk over 20 years. We identified 42,500
patients diagnosed with cancer and calculated each patient’s exposure to antidiabetic drugs during the study period. We matched
cancer and noncancer subjects matched 1:6 by age, gender, and index date, and used Cox proportional hazard regression and
conditional logistic regression, adjusted for potential confounding factors, that is, medications and comorbid diseases that could
influence cancer risk during study period.
Pioglitazone (adjusted odds ratio [AOR], 1.20; 95% confidence interval [CI], 1.05–1.38); and insulin and its analogs for injection,

intermediate or long acting combined with fast acting (AOR, 1.22; 95% CI, 1.05–1.43) were significantly associated with a higher
cancer risk. However, metformin (AOR, 1.00; 95% CI, 0.93–1.07), glibenclamide (AOR, 0.98; 95% CI, 0.92–1.05), acarbose (AOR,
1.06; 95% CI, 0.96–1.16), and others do not show evidence of association with cancer risk. Moreover, the risk for specific cancers
among antidiabetic users as compared with nonantidiabetic medication users was significantly increased for pancreas cancer (by
45%), liver cancer (by 32%), and lung cancer (by 18%).
Antidiabetic drugs do not seem to be associated with an increased cancer risk incidence except for pioglitazone, insulin and its

analogs for injection, intermediate or long acting combined with fast acting.

Abbreviations: AOR = adjusted odds ratio, ATC = anatomical therapeutic chemical, CCI = Charlson comorbidity index, CI =
confidence interval, DDD = defined daily dose, FDA = Food and Drug Administration, ICD-9-CM = International Classification of
Disease, Clinical Modification, Ninth Revision, IDF = International Diabetes Federation, LOE = length of exposure, NHIRD = National
Health Insurance Research Database, NSAIDs = nonsteroidal anti-inflammatory drugs.
Editor: Undurti N. Das.

YCL, WSJ, and UI are equal co-corresponding authors.

This research is in part of supported by Ministry of Science of Technology project number MOST107-2218-E-038-004-MY and as a part of Taipei Medical University
project number TMU105-AE1-B54 and YUAN’s hospital project number 107YGH-TMU-10.

The authors have no conflicts of interest to disclose.

Supplemental Digital Content is available for this article.
a Division of Nephrology, Department of Internal Medicine, Yuan’s General Hospital, Kaohsiung City, b Graduate Institute of Biomedical Informatics, College of Medical
Science and Technology, Taipei Medical University, Taipei, Taiwan, c Department of Public Health and Community Medicine, Shaikh Khalifa Bin Zayed Al-Nahyan
Medical College, Shaikh Zayed Medical Complex, Lahore, Pakistan, d International Center for Health Information Technology (ICHIT), eMasters Program in Global Health
& Department, College of Public Health, Taipei Medical University, Taipei, f Graduate Institute of Data Science, g Research Center of Artificial Intelligence in Medicine and
Health (TAIMH), Taipei Medical University, Taipei, Taiwan, h South Australian Health and Medical Research Institute (SAHMRI), Adelaide, Australia, i Ph.D Program for
Cancer Molecular Biology and Drug Discovery, College of Medical Science and Technology, Taipei Medical University, j Taipei Medical University Research Center of
Cancer Translational Medicine, k Department of Dermatology, Wan Fang Hospital, l School of Health Care Administration, Taipei Medical University, Taipei, Taiwan,
m Faculty of Health Sciences, Macau University of Science and Technology, Macau, nMasters Program in Global Health & Development Department, PhD Program in
Global Health and Health Security, College of Public Health, Taipei Medical University, Taipei, Taiwan.
∗
Correspondence: Usman Iqbal, Masters Program in Global Health & Development Department, PhD Program in Global Health and Health Security, College of Public

Health, Taipei Medical University, Taipei, Taiwan, 12F, No 172-1, Sec 2, Keelung Rd, Daan District, Taipei City 106, Taiwan (emails: usmaniqbal@tmu.edu.tw,
usman.iqbal85@gmail.com); Wen-Shan Jian, Professor of School of Health Care Administration, College of Management, Taipei Medical University, Taipei, Taiwan, 10F
No.172-1, Section 2, Keelung Road, Da’an District, Taipei 106 (e-mails: jj@tmu.edu.tw, jjtmutw@gmail.com); Yu-Chuan (Jack) Li, Distinguished Professor and Dean,
College of Medicine Science and Technology (CoMST), Taipei Medical University, Taiwan, Chair, Department of Dermatology, Wan Fang Hospital, Taipei, Taiwan, 250-
Wuxing Street, Xinyi District, Taipei 11031, Taiwan (e-mails: jack@tmu.edu.tw, jaak88@gmail.com).

Copyright © 2019 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the
journal.

How to cite this article: Liu YC, Nguyen PA, Humayun A, Chien SC, Yang HC, Asdary RN, Syed-Abdul S, Hsu MH, Moldovan M, Yen Y, Li YC, Jian WS, Iqbal U. Does
long-term use of antidiabetic drugs changes cancer risk? Medicine 2019;98:40(e17461).

Received: 25 February 2019 / Received in final form: 27 July 2019 / Accepted: 10 September 2019

http://dx.doi.org/10.1097/MD.0000000000017461

1

mailto:usmaniqbal@tmu.edu.tw
mailto:usman.iqbal85@gmail.com
mailto:jj@tmu.edu.tw
mailto:jjtmutw@gmail.com
mailto:jack@tmu.edu.tw
mailto:jaak88@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0
http://dx.doi.org/10.1097/MD.0000000000017461


Liu et al. Medicine (2019) 98:40 Medicine
Keywords: antidiabetics, cancer, carcinogenicity, drug toxicity, long-term drug exposure, medicine, observational health data,
pharmacoepidemiology, safe drugs
Key Message

� Several studies have reported that the metformin, the
most commonly prescribed antidiabetic drug, has anti-
cancer properties. Metformin therapy has been associated
with reduced colorectal and pancreatic cancer risk.
Insulin dose-related cancer incidence has also been
reported with glargine, but not with human insulin
What are the new findings?

� There is not only an association of pioglitazone and
higher cancer risk was found in a Taiwanese population
but also insulin and its analogues for injection,
intermediate or long-acting combined with fast-acting
are associated with a higher cancer risk.

� Investigated the association in consideration of length of
exposure, defined daily dose, other confounding factors
such as co-medications and comorbid diseases.

� It demonstrates whether long-term use of insulin and oral
anti-diabetic medications are associated with cancer risk
incidence.
How might these results change the focus of research or
clinical practice?

� Glipizide may act in a protective way against cancer,
motivating further investigation.

� There is a clear need to further assess a pharmacological
activity of anti-diabetic drugs for cancer risk on
alternative populations.
1. Introduction

Antidiabetic drugs are the most commonly used drugs among the
347 million individuals diagnosed with diabetes globally.[1] The
majority of diabetics are between 40 and 59 years old, and the
number is increasing day-by-day, especially those with type 2
diabetes. The World Health Organization estimated that the
number of diabetic people will increase by 55% by the year
2035.[2] Similarly, the International Diabetes Federation (IDF)
projects that the number of diabetics will increase from 382 to
592 million by 2035, with 80% of cases being from low- and
middle-income countries.[3] Despite these predictions and the fact
that diabetes is the 4th leading cause of death in developing
countries, diabetes is a treatable disease with a number of
currently available medications.
Several studies have reported that the metformin, the most

commonly prescribed antidiabetic drug, has anti-cancer proper-
ties. For example, metformin therapy has been associated with
reduced colorectal and pancreatic cancer risk.[4,5] On the
contrary, a different antidiabetic drug, rosiglitazone, has been
reported to increase the risk of myocardial infarction and death
from cardiovascular conditions.[6] Recent study, however, found
that rosiglitazone does not appear to increase the risk of death.[7]
2

Additional research suggests that insulin, which many
diabetics take multiple times a day, may also increase cancer
risk due to its mitogenic properties, which may promote certain
types of cancers.[8] The long-acting insulin, glargine, reportedly
increased the risk of breast cancer in Swedish women.[9] In
contrary, another study reported that short-term use did not
carry any increased cancer risk, while long-term use was
associated with breast cancer.[10] Insulin dose-related cancer
incidence has also been reported with glargine, but not with
human insulin.[11] It has also been reported that patients who
have solid tumors are more likely to have been taking insulin or
insulin secret agogues as compared to oral hypoglycemic drugs.[4]

It is still unclear whether diabetes itself or antidiabetic drugs are
carcinogenic in nature.[12]

Several pharmacologic classes of antidiabetic drugs are on the
market, but it is unclear how safe they are in terms of their
carcinogenicity. Different antidiabetic drugs have different
pharmacokinetics and potencies, which further vary among
individuals. The Food and Drug Administration’s (FDA)
preclinical studies are usually done before the drug is marketed,
but further evaluation for long-term use studies normally not
taken into account due to high costs of clinical trials and long-
term follow-up. Fortunately, a pharmacoepidemiologic approach
makes it possible to assess the carcinogenic profile of the long-
term antidiabetic drugs use retrospectively.
The aim of our study was to evaluate whether antidiabetic

medication use in diabetic patients is associated with cancer risk
in the Taiwanese population. Specifically, we investigated
whether the length of exposure (LOE) and defined daily dose
(DDD) of the antidiabetic oral and injectable medications
affected the risk for the most common cancers. We investigated
the carcinogenic risk of individual drugs as well as of
pharmacologic classes of antidiabetic drugs.
2. Methods

2.1. Data source

In this study, we used the Taiwan National Health Insurance
Research Database (NHIRD), which was established by the
Taiwan’s National Health Research Institute. The NHIRD
consists of detailed claim data for more than 23 million enrollees,
covering 99% of Taiwanese residents.[13] From this population-
wide database, we randomly selected a 2 million sample covering
years 1998 to 2009, inclusively.[14] The data were anonymized
and de-identified prior to our analysis; hence, this type of study
did not require the Institutional Review Board approval.
2.2. Study population

We conducted a retrospective case–control study using incident
cases by retrieving all individuals who were 1st diagnosed with
any cancer between January 1, 2001 and December 31, 2009 as
identified by codes 104 to 208 as per the International
Classification of Disease, Clinical Modification, Ninth Revision
(ICD-9-CM). These 42,500 subjects served as cases in this study,
with cancer being the outcome of interest. The date of cancer



Table 1

Baseline characteristics of cancer cases and controls.

Cases
(n=42,500)

Controls
(n=255,000) P-value

Age .841
Mean (SD) 57.63 (1548) 57.64 (15.51)
Median [IQR] 58 [46–70] 58 [46–70]

Gender, % .271
Male 21,454 (50.5) 127,989 (50.2)
Female 21,046 (49.5) 127,011 (49.8)

Liu et al. Medicine (2019) 98:40 www.md-journal.com
diagnosis was taken as the index date (see Supplemental S1,
http://links.lww.com/MD/D267). Patients without any cancer
during the 12 years study period served as controls. For each case,
we randomly selected 6 matched controls in the sample
population, resulting on 255,000 control subjects. Covariates
included for the matching were: sex, age, at cancer diagnosis for
the case, and the year of diagnosis. Controls were assigned an
index date identical to the date of diagnosis for the corresponding
case. We excluded subjects with cancer who were <20 years
of age.
Comorbid conditions, N (%)
Myocardial infarction 444 (1.0) 2409 (0.9) .500
Congestive heart failure 2992 (7.0) 15,886 (6.2) <.0001
Peripheral vascular disease 1649 (3.9) 8252 (3.2) <.0001
Cerebrovascular disease 4288 (10.1) 24730 (9.7) .012
Dementia 589 (1.4) 4215 (1.7) <.0001
COPD 11,234 (26.4) 58,604 (23.0) <.0001
Rheumatic disease 1571 (3.7) 7738 (3.0) <.0001
Peptic ulcer disease 12,512 (29.4) 59,597 (23.4) <.0001
Liver disease 10,683 (25.1) 42,970 (16.9) <.0001
Hemiplegia or paraplegia 668 (1.6) 4108 (1.6) .551
Renal disease 2800 (6.6) 12,703 (5.0) <.0001

CCI <.0001
Mean (SD) 2.99 (2.49) 2.71 (2.38)
Median [IQR] 3 [1–5] 2 [1–4]

Propensity score .993
Mean (SD) 0.013 (0.015) 0.013 (0.015)

Other drugs, N (%)
Aspirin 6452 (15.2) 36,283 (14.2) <.0001
Nonaspirin NSAIDs 34,322 (80.8) 202,214 (79.3) <.0001
Statins 3354 (7.9) 19,253 (7.6) .014
AT-II antagonists 8280 (19.5) 47,157 (18.5) <.0001

Regions, N (%) <.0001
Taipei 15,839 (37.3) 88,138 (34.6)
Northern 5350 (12.6) 33,373 (13.1)
Central 7374 (17.4) 45,246 (17.7)
Southern 6587 (15.5) 39,169 (15.4)
Pingtung 6127 (14.4) 40,088 (15.7)
Eastern 866 (2.0) 6649 (2.6)

SES, N (%) .141
Low income 27,841 (65.5) 167,056 (65.5)
Mid income 9397 (22.1) 57,508 (22.6)
High income 4966 (11.7) 28,529 (11.2)

Diabetes counts, N (%)
All subjects 4546 (10.7) 23,973 (9.4) <.0001

CCI=Charlson comorbidities index, COPD = chronic obstructive pulmonary disease, IQR=
2.3. Antidiabetic medications exposure

Information regarding patients’ medications exposure was
retrieved from the pharmacy prescription database. Antidiabetic
drugs were determined by their Anatomical Therapeutic
Chemical (ATC) drug classification codes. The classes analyzed
were: biguanides (A10BA), sulfonylureas (A10BB), combinations
of oral blood glucose lowering drugs (A10BD), alpha glucosidase
inhibitors (A10BF), thiazolidinediones (A10BG), dipeptidyl
peptidase 4 (DPP-4) inhibitors (A10BH), other blood glucose
lowering drugs: insulins (A10BX), insulins and analogs for
injection, fast acting (A10AB), insulins and analogs for injection,
intermediate acting (A10AC), insulins and analogs for injection,
intermediate or long acting combined with fast acting (A10AD),
insulins and analogs for injection, long acting (A10AE) (see
Supplemental Table S1, http://links.lww.com/MD/D267). For
each filled prescription of each study participant, we recorded
drug codes, drug names, dispensing data, and the total daily dose
(i.e., the assumed average maintenance dose per day). Antidia-
betic medication doses were analyzed for DDD per day in the
following categories: 0.00 (reference), 0.10 to 0.65, 0.66 to 1.30,
and >1.30.
The antidiabetic medication exposure was analyzed only

before the cancer diagnosis/index date. We considered whether
individuals have ever been exposed to antidiabetic medications or
not. Therefore, patients who had antidiabetic medications
prescribed at least 2 months during the study period were
classified as antidiabetic medication users. Exposure to these
drugs was categorized according to exposure duration (i.e., 61–
180 days, 181–1 year, and over 1 years) before the index date. An
additional category, “no use,” was created for patients who had
never been on an antidiabetic drug for at least two months.[15]
interquartile range, NSAIDs = nonsteroidal anti-inflammatory drugs, SD = standard deviation, SES=
socioeconomic status.
2.4. Covariate assessment

We matched for age, gender, diagnosis year but adjusted for
comorbid diseases, confounding drugs, region, and socioeco-
nomic status (SES) done to estimate the probabilities of a patient
being classified into the cancer (case) or noncancer (control)
groups, as shown in Table 1. The following drugs were
considered in the study as potential confounders, the drugs
known or suspected of modifying the risk of some cancers[16]:
aspirin (ATC codes: B01AC06, N02BA01, N02BA51), nonste-
roidal anti-inflammatory drugs (NSAIDs) (M01A, excluding
M01AX), statins (C10AA), and angiotensin-II antagonists
(C09C and C09D). Exposure to these confounder drugs was
defined as positive if they were dispensed at least twice a year
within 3 years of the cancer diagnosis date.
Since the chance of cancer can be confounded by competing

risks, we identified comorbidities that may be associated with
mortality based on diagnostic codes from outpatient data sets
3

prior to the outcome of interest. All diseases were included in the
Charlson comorbidity index (CCI) and analyzed, except for
human immunodeficiency virus.[17]

Additionally, other confounding factors could influence the
risk of some cancers, such as location (i.e., Regions) and SES (i.e.,
based on the total amounts of payment to Taiwan’s National
Health Insurance), so these were also accounted for in our study.
2.5. Data analysis

We analyzed the data through a classic case–control study design,
with cases being cancer affected and controls being cancer-free
subjects. All antidiabetic drugs’ use was measured in both cases
and controls 3 years before the date of diagnosis/index date.
Conditional logistic regression was applied to investigate the
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Table 2

Antidiabetic drugs associated with cancer risk.

Antidiabetic drug

Cases
(n=42,500)

Exposed/unexposed

Controls
(n=255,000)

Exposed/unexposed

Unadjusted
odds ratio
(95% CI) P-value

Adjusted
odds ratio

∗

(95% CI) P-value

Safe antidiabetic drugs
Metformin 3482/39,018 18,645/236,355 1.13 (1.09–1.17) <.0001 1.00 (0.93–1.07) .880
Buformin 14/42,486 67/254,933 1.25 (0.70–2.23) .443 1.14 (0.64–2.04) .654
Glibenclamide 1753/40,747 9412/245,588 1.12 (1.06–1.18) <.0001 0.98 (0.92–1.05) .612
Chlorpropamide 26/42,474 131/254,869 1.20 (0.79–1.83) .398 1.10 (0.72–1.69) .654
Tolazamide 19/42,481 194/254,806 0.56 (0.34–0.90) .017 0.46 (0.29–0.75) .002
Glipizide 907/41,593 5174/249,826 1.05 (0.98–1.13) .164 0.92 (0.85–0.99) .039
Gliquidone 40/42,460 223/254,777 1.09 (0.78–1.53) .616 0.96 (0.69–1.35) .830
Gliclazide 1764/40,736 9801/245,199 1.08 (1.02–1.14) .004 0.93 (0.87–0.98) .021
Glimepiride 1183/41,317 6228/248,772 1.14 (1.07–1.22) <.0001 1.03 (0.96–1.11) .390
Metformin and sulfonamides 38/42,462 217/254,783 1.05 (0.74–1.48) .782 0.96 (0.68–1.37) .835
Metformin and rosiglitazone 26/42,474 113/254,887 1.38 (0.90–2.11) .139 1.26 (0.82–1.93) .300
Acarbose 641/41,859 3296/251,704 1.16 (1.07–1.27) <.0001 1.06 (0.96–1.16) .247
Rosiglitazone 522/41,978 2940/252,060 1.07 (0.97–1.17) .185 0.97 (0.88–1.07) .536
Guar gum 30/42,470 121/254,879 1.53 (1.02–2.28) .039 1.35 (0.90–2.03) .145
Repaglinide 357/42,143 1866/253,134 1.14 (1.02–1.28) .022 1.02 (0.91–1.15) .737
Nateglinide 78/42,422 356/254,644 1.32 (1.03–1.68) .027 1.17 (0.92–1.51) .207
Insulins and analogs for injection,

fast acting
201/42,299 1027/253,973 1.17 (1.00–1.36) .050 1.04 (0.89–1.22) .587

Insulins and analogs for injection,
intermediate acting

242/42,258 1230/25,3770 1.18 (1.02–1.35) .023 1.07 (0.92–1.23) .389

Insulins and analogs for injection,
long acting

55/42,445 244/254,756 1.35 (1.01–1.81) .044 1.22 (0.91–1.64) .187

Unsafe antidiabetic drugs
Pioglitazone 276/42,224 1298/253,702 1.28 (1.12–1.46) <.0001 1.20 (1.05–1.38) .007
Insulins and analogs for injection,

intermediate or long acting
combined with fast acting

205/42,295 893/254,107 1.38 (1.18–1.61) <.0001 1.22 (1.05–1.43) .011

CI= confidence interval.
∗
Adjusted odds ratios were adjusted for the confounders as comorbid conditions, other drugs, regions, and socioeconomic status in Table 1.
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association between exposure to the different drugs and risk of
cancer. Our interest was to identify individual antidiabetics drugs
or antidiabetic drug classes that were associated with cancer
incidence. The results were expressed as adjusted odds ratios
(AORs) with 95% confidence intervals (CIs).
We used SPSS v.20·0 (IBM Corp, Armonk, NY) to perform

data analysis, and results were expressed as the estimated
numbers together with 95% CI. Statistical power was estimated
over 0.9, under type I error rate at 0.05, and the minimum
detectable odds ratio of 1.10.
2.6. Ethical approval

The ethical approval was not required as we used anonymous
data. This type of study did not require the Institutional Review
Board approval according to the policies of the National Health
Research Institutes which provides large computerized deidenti-
fied data (http://nhird.nhri.org.tw/en/). This study contained
unidentifiable living individual medical information, that the
informed consent is not needed.
3. Results

3.1. Study sample

Among the 297,500 patients in the study, 42,500 patients had
cancer, whereas 255,000 patients did not, during the study
4

period. Baseline patient characteristics are shown in Table 1. The
mean (standard deviation) of their CCI was 2.99 (2.49) for the
cases and 2.71 (2.38) for the controls, respectively. The
prevalence of comorbidities and other drugs used in the cases
were significantly higher than in the controls group except for
myocardial infarction, cerebrovascular disease, hemiplegia/
paraplegia, and the statins use. The difference in prevalence of
diabetes in cases as compared to controls was 1.30%. Even
though this difference is significant, it does not appear to be
practically relevant. The distribution of diabetics among cases
and controls across different cancers is shown in Table 1, also
confirming that proportions of diabetics among cases and
controls are rather balanced.
3.2. Antidiabetic drugs use and cancer risk

We found that the use of pioglitazone and insulin and its analogs
for injection, intermediate or long-acting combined with fast-
acting insulin significantly increased cancer risk compared to
diabetics who did not use them. These results held no matter how
long a patient was exposed to the drugs within the 3 years before
their cancer diagnosis. In contrast, both adjusted hazard ratios
and AORs provide no evidence that metformin (AOR [95% CI],
1.00 [0.93–1.07]), glibenclamide (AOR [95% CI], 0.98 [0.92–
1.05]), glipizide (AOR [95% CI], 0.92 [0.85–0.99]), and insulins
and analogs for injection, fast acting (AOR [95%CI], 1.04 [0.89–
1.22]) were associated with an elevated cancer risk compared to

http://nhird.nhri.org.tw/en/


Figure 1. Overall antidiabetic drugs and their association with specific cancer risk.
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nonusers are shown in Table 2. Notably, based on the AOR, there
is significant evidence of glipizide acting as protective against
cancer which, however, requires further investigation. Overall, it
appears that pioglitazone and insulin and its analogs for
injection, intermediate or long acting combined with fast-acting
insulin drive the elevated risk of cancer when all antidiabetics
were combined for the analysis.
Figure 1 presents further detailed risks for specific cancers

that are associated with antidiabetic medications exposure. We
observed a high risk for pancreatic (AOR, 1.45; 95% CI, 1.08–
1.95), liver (AOR, 1.32; 95% CI, 1.19–1.47), and lung (AOR,
1.18; 95% CI, 1.05–1.33) among antidiabetic medication users.
However, cervical cancer (AOR, 0.77; 95% CI, 0.61–1.98) were
observed not associated with antidiabetic drugs exposure.We did
not find any significant association for ovarian (AOR, 0.98; 95%
CI, 0.67–1.44), stomach (AOR, 1.04; 95% CI, 0.86–1.26), and
renal cancer (AOR, 1.14; 95% CI, 0.92–1.41). Again, the
increased risk of individual cancers can be driven by specific
medications, such as pioglitazone as documented above with
respect to all cancers, rather than by the entire group of
considered antidiabetic medications.

3.3. Antidiabetic drug exposure, dose, and cancer risk

We calculated the LOE to individual drugs as well as classes of
antidiabetic drugs as shown in Appendix file (see Supplemental
Tables S2 and S3, http://links.lww.com/MD/D267). Antidiabetic
medication use made the risk of all cancers 1.10 times
greater for cases as compared to controls (AOR, 1.10; 95%
CI, 1.06–1.14).
5

In addition, the multivariate-AORs for metformin accordingly
to the DDD, as compared with no antidiabetic medication use
were 1.02 (95% CI, 0.94–1.10) for a dose 0.10 to 0.65 DDD,
0.96 (95% CI, 0.88–1.05) for 0.66 to 1.30 DDD, and 0.88 (95%
CI, 0.67–1.15) for higher than 1.30 DDD (P-trend=0.417), as
shown in Table 3.
4. Discussion

We reported the evidence that overall antidiabetic drugs are
associated with an increased cancer risk based on the case–
control study. We evaluated both oral and injectable antidiabetic
drugs individually and as pharmacologic classes (also accounting
for both LOE and DDD) with respect to carcinogenicity. The
results have been obtained on the basis of a single Taiwanese
population and further studies on alterative populations would
be advisable for a valid generalization. We observed that the
long-term use of antidiabetic drugs was not significantly
associated with increased cancer risk except for 2 drugs:
Pioglitazone (AOR [95% CI], 1.20 [1.05–1.38]), and the drugs
classified as insulins and analogs for injection, intermediate or
long acting combined with fast acting (AOR [95% CI], 1.22
[1.05–1.43]) (Table 2). There is evidence that glipizide may act as
protective against cancer (AOR [95% CI], 0.92 [0.85–0.99]).
This study is important in assessing associations between
antidiabetic medications and the risk of cancer using a national
database.
Although the results of an observational study should be

interpreted with caution, LOE and dose-dependent association
provide evidence in favor of a true association between
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Table 3

The classification of define daily dose for antidiabetic drugs.

Antidiabetic drugs
∗

Case (n=42,500) Control (n=255,000) Adjusted odds ratio† (95% CI) P-value

Metformin
0.0 (never users) 39,018 236,355 1.00 P-trend .417
0.10–0.65 2220 11,564 1.02 (0.94–1.10)
0.66–1.30 1198 6687 0.96 (0.88–1.05)
>1.30 64 394 0.88 (0.67–1.15)

Glibenclamide
0.0 (never users) 40,747 245,589 1.00 P-trend .412
0.10–0.65 569 2873 1.04 (0.94–1.15)
0.66–1.30 692 3873 0.94 (0.86–1.03)
>1.30 492 2665 0.98 (0.88–1.09)

Glipizide
0.0 (never users) 41,593 249,826 1.00 P-trend .065
0.10–0.65 282 1519 0.98 (0.86–1.12)
0.66–1.30 342 2114 0.85 (0.75–0.96)‡

>1.30 283 1541 0.96 (0.84–1.09)
Gliclazide
0.0 (never users) 40,736 245,201 1.00 P-trend .139
0.10–0.65 96 529 0.94 (0.75–1.17)
0.66–1.30 220 1261 0.90 (0.77–1.04)
>1.30 1448 8009 0.93 (0.87–0.99)x

Glimepiride
0.0 (never users) 41,317 248,772 1.00 P-trend .415
0.10–0.65 108 553 1.06 (0.86–1.31)
0.66–1.30 404 2239 0.97 (0.87–1.09)
>1.30 671 3436 1.07 (0.98–1.17)

Acarbose
0.0 (never users) 41,859 251,705 1.00 P-trend .685
0.10–0.65 571 2914 1.06 (0.96–1.17)
0.66–1.30 70 379 1.02 (0.79–1.32)
>1.30 0 2 –

Rosiglitazone
0.0 (never users) 41,978 252,060 1.00 P-trend .501
0.10–0.65 82 464 0.96 (0.75–1.22)
0.66–1.30 418 2312 0.99 (0.89–1.11)
>1.30 22 164 0.71 (0.45–1.11)

Pioglitazone
0.0 (never users) 42,224 253,702 1.00 P-trend .011
0.10–0.65 76 307 1.44 (1.12–1.86)‡

0.66–1.30 191 929 1.16 (0.98–1.36)
>1.30 9 62 0.80 (0.40–1.62)

Repaglinide
0.0 (never users) 42,143 253,134 1.00 P-trend .322
0.10–0.65 104 614 0.91 (0.73–1.12)
0.66–1.30 186 873 1.14 (0.97–1.34)
>1.30 67 379 0.94 (0.72–1.22)

CI= confidence interval.
∗
Defined daily dose of antidiabetic drugs with more than 1000 patients.

† Adjusted odds ratios were adjusted for the confounders as comorbid conditions, other drugs, regions, and socioeconomic status in Table 1.
‡ P< .01.
x P< .05.
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prescription of antidiabetic drugs and cancer risk. While the
results from observational studies are not as robust compared to
randomized control trials, the evidence obtained from an
appropriately designed observational studies should not be
underestimated and can be used as a guide for both further
scientific investigation and clinical practice.[13,18,19]

Overall, we found that most antidiabetic drugs are not
associated with cancer risk. Libby and colleagues[20] reported
that metformin use was associated with a reduced cancer risk.
Evans et al[21] reported that there might be a biologically
plausible mechanism for the dose–response relationship between
6

metformin use and cancer risk reduction, which is the fact that,
many clinical and preclinical studies have shown that metformin
has the potential to inhibit the growth of cancer cells growth in
vitro and in vivo.[22,23] However, we did not find any significant
reduction in cancer risk for long term use of metformin.
A striking finding in our study was that pioglitazone from the

thiazolidinediones drug class and insulin’s and analogs for
injection, intermediate or long acting combined with fast-acting
drug class were both associated with an elevated cancer
incidence. Ferrara et al,[24] Koro et al,[25] and Dormandy
et al[26] reported no association between pioglitazone and cancer
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risk. These studies findings contradict with our study findings as
we observed that pioglitazone is associated with a 53% increase
in cancer risk in the Taiwanese population. Our findings
supported by Ramos-Nino et al,[27] Chen et al,[28] and Piccinni
et al[29] who all reported similar findings.
The clinical trials evidence regarding insulin use and cancer risk

is also inconclusive.[30] Hemkens et al[11] in a cohort study from
Germany reported that there is a dose–response relationship
between the synthetic insulin glargine and cancer risk compared
to human insulin. Currie et al[4] and his colleagues study from
United Kingdom reported a 40% higher risk of all cancers was
associated with the use of insulin-based regimens. The studies
done by Jonasson et al[31] on Swedish and by Colhoun[32] in a
Scottish population reported no significant association between
insulin glargine alone or in combination with other drugs and
cancer risk. Yang et al[33] observed a decreased cancer risk with
insulin use in the Chinese population. The US FDA[34] has also
cautioned clinicians not to respond rapidly to the trial results
mentioned above, stating to the public that further analysis is
required to evaluate the safety. We observed in the Taiwanese
population that only 1 insulin (i.e., insulins and analogs for
injection, intermediate or long acting combined with fast acting)
among other insulins is significantly associated with cancer risk.
Based on our study, it is possible that insulins and their analogs
may be associated with increased risk of cancer in Taiwanese
population; however, further evidence is needed before any
definitive conclusion can be drawn.
Overall, the exposure to antidiabetic medications raised the

overall cancer risk up to 52%, even though these association
appears to be driven by pioglitazone and insulin and its analogs
for injection, intermediate or long acting combined with fast-
acting insulin. Broken down by specific cancers, antidiabetic
medications raised the risk of liver cancer (AOR, 1.32), of lung
cancer (AOR, 1.18), and of pancreatic cancer (AOR, 1.45)
(Fig. 1). Interestingly, we found (AOR, 0.77), a reduced risk for
cervical cancer in our study. No significant effects were observed
for bladder, esophagus, and prostate cancer. The observed
pattern of odds ratios for various cancers could be attributable to
an expected normal distribution, and the large sample size
provides an opportunity to find significant results. However,
these findings are very important since several studies reported
contradictory results and randomized control trails have failed to
define clear associations. A retrospective study from the United
Kingdom by Currie and colleagues[4] reported a lower risk of
colon and pancreatic cancer risk with metformin use but
observed no effect on breast and prostate cancer. However,
they also observed that insulin or insulin secretagogues users were
more likely to develop cancers compared to metformin users.
Moreover, in this study they also observed that the use of insulin
analogs was not associated with increased cancer risk when
compared to human insulin. A meta-analysis by DeCensi et al[35]

epidemiologic studies reported an inverse association between
pancreatic and hepatocellular cancer and no significance for
colon, breast, and prostate cancer. This contradicts with our
findings that there is a 60% greater risk for pancreatic cancer and
57% greater risk for liver cancer; however, it is supported by Li
et al[36] that insulin or insulin secretagogue use associated with
increased pancreatic cancer risk. Murtola et al[37] reported
decreased prostate cancer risk with an overall or ever use of any
antidiabetic drugs however, we did not find any association for
prostate cancer with antidiabetic drugs. We suggest that the
therapeutic effectiveness and pharmacologic mechanism of
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antidiabetic drugs should be monitored closely in relation to
multiple medications and diseases for carcinogenicity on a large
population.
We aim to properly investigate the documented association of

pioglitazone and insulin analogs vs specific cancer in further study.
As for now, the presented findings could facilitate clinicians to
inform their patient about overall risk for cancer with respect to
specific drugs and implement prevention measures.
Together with the strengths of our population-wide study, we

have several limitations, such as residual bias, although NHIRD
data are now used for both billing and quality purpose which
could persist owing to unmeasured or imprecisely measured
potential confounding factors (e.g., life style, family history,
smoking status, etc). Moreover, observational studies tend to be
less robust compared to randomized control trial studies, but it
still contains real-world data on prescriptions and diagnoses for
the whole Taiwanese population where all prescriptions are
continuously documented, allowing unbiased exposure assess-
ment (i.e., no recall bias). There is significant difference between
case and control. We knew that the indication is the important
confounder for this study but we cannot find without diabetes
subjects using diabetic drugs. Therefore, this is only association
study and the drug might increase or decrease the cancer risk. We
found association only but not causality. For causality, we need
to have randomized control trials; however, the significant
association provide hint for researchers to re-evaluate with trials.
Several approaches have been proposed to prevent immortal time
bias in observational studies, and we controlled it matching by
year and we only assigned the date of cancer diagnosis to control
group.
We do not have hemoglobin A1c levels of patients which is the

limitation of our database and we were also not able to access
some drugs, such as DDP-4, as it has been added recently in 2011
to NHI Taiwan. However, Elashoff and colleagues[38] examined
the US FDA’s database of adverse events and found that
sitagliptin or exenatide, which is a DPP-4 inhibitor antidiabetic
drug, increases the risk for specific cancers. Moreover, a dose–
response effect is not always evident. The drug exposure days are
provided for reference only, which might not provide accurate
reflection of drugs taken by patients as directed. In this study, we
observed antidiabetic drugs exposure and evidence of associa-
tion, but not their mechanism and metabolism related to cancer,
which could be also be seen as a limitation. Therefore, further
animal or cellular model are needed to help in identifying a
possible biologic mechanism linking antidiabetic drugs with
cancer risk. Finally, in the reported study, we assessed only the
specific antidiabetic drugs (i.e., 24 different drugs) vs overall risk
of cancer (i.e., 10 different cancers combined) and exposure to
any of antidiabetic drugs (24 drugs combined) vs specific cancers.
We did not look into each specific drug vs each specific cancer as
it would generate 24�10=240 association estimates that are
problematic to present and interpret clearly in this study.
Moreover, the associations of multiple drugs and cancers were
performed and corrections for multiple comparisons were not
performed, resulting in a potential for some apparent associa-
tions to be due to chance.
5. Conclusion

We found evidence that the only antidiabetic drugs associated
with cancer risk were pioglitazone and insulin analogs for
injection, intermediate or long acting combined with fast acting

http://www.md-journal.com
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among all antidiabetic drugs. We observed that glipizide may act
in a protective way against cancer.
Findings from this study provide incremental evidence

regarding the long-term influence of antidiabetic medications
on cancer risk as measured by DDD and LOE to individual drugs
as well as antidiabetic drug classes.
Randomized controlled trials are always expensive and

sometimes impractical because of cost, study duration, or ethical
concerns, but it is important to investigate further the
pharmacologic activity of antidiabetic drugs for cancer risk.
We conducted the retrospective observational study as a plausible
alternative to a randomized controlled trial, documenting
objective evidence and providing ground for further scientific
investigation.
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