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Abstract 

Background: Whether pioglitazone may affect breast cancer risk in female diabetes patients is not conclusive and 
has not been investigated in the Asian populations.

Methods: The reimbursement database of Taiwan’s National Health Insurance was used to enroll an unmatched 
cohort and a propensity score‑matched cohort of ever users and never users of pioglitazone in female patients with 
newly diagnosed type 2 diabetes during 1999–2008. The patients were alive on January 1, 2009 and were followed 
up for breast cancer incidence until December 31, 2011. Cox regression was used to estimate hazard ratios for ever 
users and tertiles of cumulative duration of pioglitazone therapy versus never users, and for cumulative duration of 
pioglitazone therapy treated as a continuous variable. Three models were created for the unmatched cohort and 
the matched cohort, respectively: 1) without adjustment for covariates; 2) after adjustment for covariates that dif‑
fered with statistical significance (P‑value < 0.05) between ever users and never users; and 3) after adjustment for all 
covariates.

Results: There were 174,233 never users and 6926 ever users in the unmatched cohort; and 6926 never users and 
6926 ever users in the matched cohort. After a median follow‑up of 2.8 years, the numbers of incident breast can‑
cer were 1044 in never users and 35 in ever users in the unmatched cohort and were 41 and 35, respectively, in the 
matched cohort. Hazard ratios suggested a null association between pioglitazone and breast cancer in all three mod‑
els in either the unmatched cohort or the matched cohort. The overall hazard ratio after adjustment for all covariates 
was 0.758 (95% confidence interval: 0.539–1.065) in the unmatched cohort and was 0.824 (95% confidence interval: 
0.524–1.296) in the matched cohort. None of the hazard ratios for the tertiles of cumulative duration of pioglitazone 
therapy and for the cumulative duration being treated as a continuous variable were statistically significant.

Conclusions: This study suggests a null association between pioglitazone and breast cancer risk in female patients 
with type 2 diabetes mellitus. However, because of the small breast cancer cases and the limited follow‑up time, 
further studies are warranted to confirm our findings.
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Introduction
The safety monitoring data of several previous clini-
cal trials that compared the risk of cardiovascular dis-
ease between pioglitazone and placebo [1, 2] or between 
pioglitazone and sulfonylurea on top of metformin [3] 
have shown lower case numbers of incident breast cancer 
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in patients randomized to pioglitazone than to compara-
tors (3:11 [1], 10:16 [2] and 3:4 [3]). However, these clini-
cal trials were not designed primarily for investigating 
breast cancer risk as an endpoint and therefore the small 
numbers of incident cases of breast cancer in the safety 
monitoring data indicated a lack of sufficient power.

There are several pharmacoepidemiological studies, all 
conducted in Caucasians, investigating breast cancer risk 
associated with use of pioglitazone and/or rosiglitazone. 
Analyses of the US Kaiser Permanente Northern Califor-
nia (KPNC, interim analysis) Diabetes Registry [4] and 
the French national health insurance database showed a 
null association between pioglitazone and female breast 
cancer, though the French study did find a lower risk of 
breast cancer associated with rosiglitazone with statisti-
cal significance [5]. However, Lewis et al. showed, in the 
final report of the KPNC data, that an increasing trend 
of breast cancer could be observed with increasing dose 
and duration of pioglitazone in sensitivity analyses [6]. 
Therefore, results from clinical trials and pharmacoepi-
demiological studies conducted in Caucasians showed 
contradictory findings.

In Taiwan, previous pharmacoepidemiological studies 
suggested that metformin [7] and rosiglitazone [8], both 
improve insulin resistance, may lower the risk of breast 
cancer. Therefore, it would be interesting to further 
examine whether pioglitazone, another insulin sensitizer, 
might also have a beneficial effect on breast cancer in the 
Asian populations. The present study investigated such 
an association in female patients with type 2 diabetes 
mellitus in Taiwan by using the reimbursement database 
of the National Health Insurance (NHI).

Materials and methods
This is a retrospective cohort analysis of Taiwan’s NHI 
reimbursement database. The NHI, a compulsory and 
universal healthcare system in Taiwan, has been imple-
mented since March 1995. More than 99% of the popu-
lation are covered by the NHI, and all in-hospitals and 
93% of all medical settings have contracts with the NHI. 
The NHI database contains detailed records of every 
visit of each patient and includes principal and second-
ary diagnostic codes, prescription orders and proce-
dures performed. The present study was approved after 
ethics review by the National Health Research Institutes 
with number 99274. Informed consent was not required 
according to local regulations because the database has 
been de-identified for the protection of privacy.

During the study period diabetes was coded 250.XX 
and breast cancer 174, based on the International Classi-
fication of Diseases, Ninth Revision, Clinical Modification 
(ICD-9-CM).

More detailed description of the database can be seen 
in previously published papers [9, 10]. Figure  1 shows 
the procedures in enrolling an unmatched cohort and 
a matched cohort of pioglitazone ever users and never 
users based on propensity score. Patients with newly 
diagnosed diabetes during 1999–2008 in the outpatient 
clinics and having been prescribed antidiabetic drugs 
for 2 or more times were first identified (n = 535,025). To 
ensure a newly diagnosed diabetes after 1999, patients 
having a diagnosis of diabetes between 1996 and 1998 
were not included. The following patients were then 
excluded: 1) type 1 diabetes mellitus (n = 3078), 2) miss-
ing data (n = 950), 3) men (n = 282,403), 4) use of rosigli-
tazone (n = 36,230, users of rosiglitazone were excluded 
because previous in vitro and in vivo [11] and human 
observational [6] studies suggested that rosiglitazone 
may act differently from pioglitazone in breast cancer), 
5) pioglitazone use for < 180 days (n = 26,289) and 6) 
patients who died or had been diagnosed of breast can-
cer before January 1, 2009 (n = 4916). As a result, 6926 
ever users and 174,233 never users of pioglitazone were 
identified as the unmatched cohort. A cohort of 6926 
ever users and 6926 never users of pioglitazone (the 
matched cohort) was created by matching the propensity 
score based on the Greedy 8➔1 digit match algorithm 
[12]. Logistic regression was used to create the propen-
sity score from all characteristics listed in Table  1. This 
matching method has been described in more detail else-
where [9, 10].

Cumulative duration of pioglitazone therapy in 
months was calculated from the database and its ter-
tiles were used to evaluate a possible dose-response 
relationship. Potential confounders included in the 
analyses were classified into the following catego-
ries. Demographic data included age, diabetes dura-
tion, occupation and living region (classified as Taipei, 
Northern, Central, Southern, and Kao-Ping/Eastern). 
Occupation was classified as class I (civil servants, 
teachers, employees of governmental or private busi-
nesses, professionals and technicians), class II (people 
without a specific employer, self-employed people or 
seamen), class III (farmers or fishermen) and class IV 
(low-income families supported by social welfare, or 
veterans). Major comorbidities included hypertension 
(ICD-9-CM: 401–405), dyslipidemia (272.0–272.4) and 
obesity (278). Diabetes-related complications included 
nephropathy (580–589), eye diseases (250.5, diabetes 
with ophthalmic manifestations, 362.0: diabetic retin-
opathy, 369: blindness and low vision, 366.41: diabetic 
cataract, and 365.44: glaucoma associated with sys-
temic syndromes), stroke (430–438), ischemic heart 
disease (410–414) and peripheral arterial disease 
(250.7, 785.4, 443.81 and 440–448). Antidiabetic drugs 
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included insulin, sulfonylureas, metformin, meglitinide 
and acarbose. Factors that may affect cancer risk or 
lifespan included chronic obstructive pulmonary dis-
ease (a surrogate for smoking; 490–496), tobacco abuse 
(305.1, 649.0 and 989.84), alcohol-related diagnoses 
(291, 303, 535.3, 571.0–571.3 and 980.0), hypoglycemia 
(251.0, 251.1 and 251.2), head injury (959.01), Parkin-
son’s disease (332), benign breast conditions (217, 610, 
611, 612, 675 and 676) and cancers other than breast 
cancer prior to baseline (140–208, excluding 174). 
Some examinations that might potentially lead to the 
diagnosis of breast cancer were considered as an indi-
cator of “potential detection bias”. These included 1) 
mammogram and/or breast ultrasound; 2) chest com-
puted tomography and/or magnetic resonance imag-
ing; and 3) tumor markers, including carcinoembryonic 
antigen and/or carbohydrate antigen 153. Commonly 
used medications in diabetes patients that may affect 
cancer risk included angiotensin converting enzyme 
inhibitor/angiotensin receptor blocker, calcium chan-
nel blocker, statin, fibrate, aspirin and estrogen.

Analyses were conducted in the unmatched cohort and 
the matched cohort, respectively. Student’s t test com-
pared the difference of age and diabetes duration between 
never and ever users of pioglitazone and Chi-square test 
was used for other variables. Standardized difference was 

calculated for each variable and a value > 10% is consid-
ered as an indicator of potential confounding from the 
variable [13].

Incidence density of breast cancer was calculated with 
regards to the use of pioglitazone in the following sub-
groups: never users, ever users and the tertiles of cumu-
lative duration. The case number of newly diagnosed 
breast cancer identified during follow-up was the numer-
ator. The denominator was the follow-up duration in per-
son-years, which started on January 1, 2009 and ended 
on December 31, 2011, at the time of a new diagnosis of 
breast cancer, or on the date of death or the last reim-
bursement record, whichever occurred first.

Hazard ratios and their 95% confidence intervals for 
ever users and for each tertile of cumulative duration in 
referent to never users were estimated by Cox propor-
tional hazards model. Additionally, cumulative duration 
of pioglitazone therapy was treated as a continuous vari-
able for estimating the hazard ratio. To examine the con-
sistency of the findings, models were created in both the 
unmatched cohort and the matched cohort, respectively; 
and without adjustment for covariates, after adjustment 
for covariates with P-values < 0.05 and after adjustment 
for all covariates, respectively.

More antidiabetic drugs have been introduced 
into clinical practice and the guidelines for the use of 

Fig. 1 Flowchart showing the procedures in creating a cohort of 1:1 matched‑pairs of pioglitazone ever and never users from the reimbursement 
database of the National Health Insurance
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antidiabetic drugs have evolved over the long enrollment 
period from 1999 to 2008. To examine whether the risk 
of breast cancer associated with pioglitazone use might 
change during different period of time, the overall haz-
ard ratios were additionally estimated for two periods of 
time: 1999–2003 and 2004–2008, respectively.

Analyses were conducted using SAS statistical soft-
ware, version 9.4 (SAS Institute, Cary, NC). P < 0.05 was 
considered statistically significant.

Results
Table 1 shows the characteristics in never users and ever 
users of pioglitazone in the unmatched cohort and the 
matched cohort, respectively. In the unmatched cohort, 
most variables were statistically different between ever 
users and never users and the values of standardized dif-
ference were > 10% in many of the covariates, suggesting a 
potential confounding. However, in the matched cohort, 
except for head injury, all covariates did not differ signifi-
cantly between the two groups and the values of stand-
ardized difference for all covariates were < 10%, indicating 
a good balance in all covariates between ever users and 
never users in the matched cohort.

Table  2 shows the incidences of breast cancer and 
hazard ratios by pioglitazone exposure estimated from 
different models in both the unmatched cohort and the 
matched cohort. The median follow-up time was 2.8 years 
in all subgroups. The incidence rates in never users and 
ever users were 239.83 and 191.90 per 100,000 person-
years, respectively, in the unmatched cohort; and were 
233.84 and 191.90 per 100,000 person-years, respectively, 
in the matched cohort. The hazard ratios suggested a null 
association between pioglitazone use and breast cancer 
in all models.

Table 3 shows the overall hazard ratios for ever versus 
never users during two different periods of time. None of 
them suggested an effect of pioglitazone on breast cancer.

Discussion
This is the first observational study conducted in an Asian 
population that suggested a null association between 
pioglitazone use and breast cancer risk. The findings were 
consistent in the unmatched and the matched cohorts 
and in all models with different sets of adjusted covari-
ates (Table 2). The finding of a null association was simi-
larly observed in analyses conducted in patients whose 
diabetes was diagnosed during two different periods of 
time, i.e., 1999–2003 and 2004–2008 (Table 3).

Insulin resistance is an early pathophysiological change 
related to type 2 diabetes mellitus [14] and patients with 
type 2 diabetes mellitus are at an increased risk of breast 
cancer [15, 16]. Studies suggest that insulin resistance 
and hyperinsulinemia are important in the development 

of breast cancer [17, 18]. Therefore, it is hypothetically 
possible that breast cancer risk may be reduced by using 
antidiabetic drugs that improve insulin resistance. Our 
previous studies did show a reduction of breast cancer 
risk in patients who used either metformin [7] or rosigli-
tazone [8]. However, this study did not support a benefi-
cial effect of pioglitazone, another antidiabetic drug that 
also improves insulin resistance, on breast cancer risk. 
The discrepant findings between pioglitazone and other 
insulin sensitizers including metformin and rosiglitazone 
suggest that factors other than the improvement of insu-
lin resistance might be responsible.

Findings from some in vitro and in vivo studies may 
provide evidence to support these discrepant clini-
cal observations. In a breast cancer cell line, rosigli-
tazone stimulates the expression of tumor suppressor 
gene PTEN (phosphatase and tensin homolog, located 
on chromosome ten) but pioglitazone does not exert a 
similar effect [11]. Another study showed that rosiglita-
zone exerts anti-proliferative and apoptotic actions on 
breast cancer cells; and induces autophagy and inhibits 
the invasiveness and metastasis of breast cancer cell lines 
[19]. In an animal study, rosiglitazone suppresses mam-
mary tumor growth in rats treated with the carcinogen 
7,12-dimethylbenz(a)anthracene [20]. On the other hand, 
although pioglitazone inhibits aromatase expression by 
inhibiting proinflammatory prostaglandin E2 signaling 
and upregulating tumor-suppressor gene BRCA1 [21], 
it does not inhibit mammary tumor growth induced by 
N-methyl-N-nitrosourea in Sprague-Dawley rats fed 
a high-fat diet [22]. Studies also suggested that met-
formin and pioglitazone might have different effects on 
breast cancer cells. A Turkish study showed that diabe-
tes patients with breast cancer treated with metformin 
had statistically significant reduction of serum level of 
hypoxia-inducible factor-1α (a nuclear transcription fac-
tor overexpressed in breast cancer cells and correlated 
with cancer metastasis and mortality), but the level did 
not change after treatment with pioglitazone [23]. Taken 
together, these observations argued against a mechanism 
of breast cancer risk reduction associated with met-
formin and rosiglitazone merely through an improve-
ment of insulin resistance and suggested that some other 
mechanisms might have traded off the beneficial effect 
of improvement in insulin resistance associated with 
pioglitazone.

After the withdrawal of rosiglitazone from the market 
because of a potential risk of macrovascular disease [24], 
pioglitazone is the only drug in the class of thiazolidin-
ediones that remains in clinical use in most countries 
including Taiwan. The clinical trial (PROspective piogl-
itAzone Clinical Trial In macroVascular Events or the 
PROactive trial) published in 2005 that investigated the 
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risk of cardiovascular disease comparing pioglitazone 
to placebo suggested a potentially higher risk of blad-
der cancer associated with pioglitazone use [1]. This has 
raised a concern of cancer risk associated with pioglita-
zone use and an observational prospective follow-up 
study (i.e., the KPNC study) was requested by the US 
Food and Drug Administration to clarify the risk of can-
cer, especially bladder cancer. The interim analyses of the 
KPNC study suggested a potentially higher risk of blad-
der cancer in patients who had been exposed to pioglita-
zone for a long duration or a high cumulative dose [25] 
but a null association with female breast cancer [4]. How-
ever, in the final report of the KPNC data, Lewis et  al. 
showed weak linear trends in the risk of breast cancer 
associated with increasing cumulative dose and duration 
of pioglitazone use [6].

In the present study, we aimed at clarifying the effect 
of pioglitazone on breast cancer and therefore the bal-
ance of other potential confounders including the use 
of other antidiabetic drugs is important for an unbiased 
estimate. Although ever users and never users of piogl-
itazone differed significantly in the distribution of poten-
tial confounders in the unmatched cohort, they were well 
balanced in the matched cohort (Table  1). Because the 
results of a null association were consistent in different 
models in both the unmatched cohort and the matched 
cohort (Table 2), the conclusion should be robust and not 
affected by potential confounders.

We did not simultaneously investigate the effects of 
other antidiabetic drugs because no other antidiabetic 
drugs (except rosiglitazone that has been withdrawn 
from the market in many countries) had ever experi-
enced such a great public health concern. The restrictions 
imposed by regulatory authorities after the publication 
of the interim analysis of the KPNC in 2011 [25] on the 

use of pioglitazone because of its potential risk of bladder 
cancer have caused tremendous psychological impacts 
not only to the physicians who would be reluctant to pre-
scribe the drug but also to the patients who might not 
have adhered to taking the drug even when they had been 
prescribed pioglitazone. Therefore, the time frame to be 
considered in study design for an investigation on piogl-
itazone effect should be cautious and would surely be dif-
ferent as for other antidiabetic drugs.

The patients were enrolled from 1999 to 2005 and fol-
lowed up until 2011. This database seemed to be too old. 
However, the study period was deliberately selected to 
reduce potential biases based on the following consid-
erations. First, this time frame would avoid unidentifi-
able biases resulting from the impacts of the publication 
of the interim analysis of the KPNC study in 2011 [25] 
and the restriction of pioglitazone use imposed by regu-
latory authorities since then. Second, the Bureau of the 
NHI started to promote the use of ICD-10-CM in Taiwan 
since 2012 and therefore a potential bias resulting from a 
mixture of two disease coding systems might have hap-
pened if the follow-up ended after 2012.

It was also deemed inappropriate to investigate too 
many drugs and too many different cancers in a single 
study especially when pioglitazone was the target drug 
to be investigated because of the following reasons. 
First, as previously mentioned, the time frame for stud-
ying pioglitazone should be carefully restricted so that 
the findings would not be biased. The restriction on 
the use of pioglitazone would also affect the prescrip-
tion and the adherence of other antidiabetic drugs and 
these behavior changes might have caused unexpected 
biases. Second, different antidiabetic drugs have differ-
ent indications, contraindications and side effects and 
different cancers have different risk factors. It would 

Table 3 Hazard ratios for breast cancer associated with pioglitazone use in patients with diabetes diagnosed in two different periods 
of time

Model 1: unadjusted; Model 2: adjusted for covariates in Table 1 with significant P-values; Model 3: adjusted for all covariates in Table 1

Unmatched cohort Matched cohort

Years diabetes 
diagnosed/Model

Ever users Never users Ever users Never 
users

n N n N HR 95% CI P value n N n N HR 95% CI P value

1999–2003
 Model 1 23 4632 449 74,459 0.790 (0.520–1.201) 0.2707 23 4632 25 4522 0.870 (0.494–1.533) 0.6295

 Model 2 23 4632 449 74,459 0.694 (0.455–1.069) 0.0905 23 4632 25 4522 0.865 (0.491–1.524) 0.6148

 Model 3 23 4632 449 74,459 0.709 (0.464–1.082) 0.1105 23 4632 25 4522 0.840 (0.475–1.488) 0.5508

2004–2008
 Model 1 12 2294 595 99,774 0.822 (0.464–1.455) 0.5005 12 2294 16 2404 0.736 (0.348–1.556) 0.4226

 Model 2 12 2294 595 99,774 0.794 (0.447–1.411) 0.4319 12 2294 16 2404 0.738 (0.349–1.559) 0.4255

 Model 3 12 2294 595 99,774 0.813 (0.457–1.445) 0.4808 12 2294 16 2404 0.740 (0.343–1.594) 0.4417
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be complicated to balance different sets of confound-
ers. Third, cancer screening programs are evolving and 
different for different cancers. It may not be possible to 
simultaneously consider the impacts of these different 
screening programs when too many cancers are investi-
gated in one single study.

Breast cancer screening programs have been con-
ducted in either the USA [26] or in France [27] 
throughout the study periods of the clinical trials [1–3] 
and the observational study of the KPNC conducted in 
the USA [4, 6] and the observational study conducted 
in France [5]. These breast cancer screening programs 
can lead to detection bias. However, none of the early 
studies investigating the risk of breast cancer associ-
ated with pioglitazone use have addressed the potential 
impacts of breast cancer screening programs.

In Taiwan, breast cancer screening programs have 
evolved from hospital-based project (1995–1998), to 
community-based projects (1999–2001 and 2002–
2004) and finally to nationwide programs (phase I since 
July 2004, phase II since November 2009 and phase III 
since 2010) [28]. The phase I nationwide biennial breast 
screening program by mammography was implemented 
for females aged 50–69 years since 2004. In 2009, 
the phase II screening program has been extended to 
females aged 45–69 years and further expanded in 
2010 to women aged 40–44 years who have a second 
degree relative with breast cancer in the phase III pro-
gram [28]. The phase III screening program has been 
continuously conducted ever since 2010. Therefore, 
a fixed starting date of follow-up after 2009 would be 
less impacted by the sequential changes in the differ-
ent waves of screening programs. Furthermore, we have 
considered the “potential detection bias” in our mod-
eling (Table  1). The presence of “benign breast condi-
tions” may lead to detection bias and use of estrogen 
may be an important risk factor of breast cancer [29]. 
These had not been considered in previous studies, but 
we have carefully addressed these potential confound-
ers (Table 1) in our analyses.

Although the median follow-up duration of 2.8 years in 
our present study was relatively short, this was compa-
rable to the median duration of pioglitazone exposure of 
2.8 years in the final report of the US KPNC study (study 
period 1997–2012) [6] and was longer than the 1.5 years 
in the French study (study period 2006–2009) [5]. 
Because pioglitazone is not a first-line antidiabetic drug, 
even though the study period was longer than 10 years in 
the KPNC study, the median exposure time of pioglita-
zone was only 2.8 years [6]. It is surely justified to conduct 
additional studies with longer durations of follow-up or 
larger sample sizes to elucidate the effect of pioglitazone 
on breast cancer.

Based on the following additional considerations, we 
did not follow the patients forward from the time of drug 
exposure. First, pioglitazone is not a first-line antidiabetic 
drug and it has not been approved for clinical use in Tai-
wan until after 2002. If the patients were to be followed 
since enrollment at the time of diabetes diagnosis (from 
1999 to 2008, Fig. 1) or at the time of drug exposure, the 
starting dates of different patients would vary remarkably 
throughout a long period of time and never users would 
surely have earlier starting dates of follow-up than ever 
users. This would probably introduce other unexpected 
bias. Second, during a long and varying starting date of 
follow-up, the prescription of antidiabetic drugs would 
be affected by the evolution of changes in treatment 
guidelines. Third, environmental risk factors of breast 
cancer and cancer diagnostic methods and screening 
programs should have changed at different time points of 
start of follow-up and these would surely introduce addi-
tional bias.

There are some clinical implications in the present 
study. First, together with our previous studies that do 
not suggest an increased risk of bladder cancer [30], 
ovarian cancer [31], oral cancer [32], kidney cancer [33], 
thyroid cancer [34], lung cancer [35] and prostate cancer 
[36] associated with pioglitazone use, the public health 
concern of an increased cancer risk associated with piogl-
itazone can be relieved and should not impede the clini-
cal use of pioglitazone. Second, the potential benefits of 
pioglitazone on the improvement of lipid profile [37], the 
risk reduction of dementia [38, 39], chronic obstructive 
pulmonary disease [40], non-alcoholic fatty liver disease 
[41], stroke [2] and cardiovascular disease [42] and the 
usefulness of pioglitazone in the treatment of polycys-
tic ovarian syndrome in women [43] suggest that some 
patients may gain pleiotropic benefits beyond glycemic 
control from the appropriate use of pioglitazone.

The present study has some other strengths. Because 
the database was derived from the whole population 
and they spanned the whole period from the beginning 
of the marketing of pioglitazone in 2002 in Taiwan [44] 
until the end of follow-up on December 31, 2011, the 
potential risk of selection bias related to sampling error 
could be minimized. Because the NHI covers almost 
the whole population of Taiwan and the database was 
complete and included all claim records on outpatient 
visits, emergency department visits and hospital admis-
sion, and we caught the diagnoses from all sources. The 
use of medical records would have markedly avoided 
self-reporting bias. Because cancer is considered a 
catastrophic illness by the NHI and most medical co-
payments can be waived, detection bias related to dif-
ferent socioeconomic status might have much reduced. 
Furthermore, there is a low drug cost-sharing required 
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by the NHI and patients with certain conditions such 
as low-income household, veterans or patients with 
prescription refills for chronic disease are exempted 
from the drug cost-sharing. The risk of detection bias 
would be much reduced among different social classes 
in Taiwan.

The study limitations included a lack of actual meas-
urement data for potential confounders such as obe-
sity, smoking, alcohol drinking, family history, lifestyle, 
dietary pattern, and genetic parameters. In addition, 
we did not have biochemical data such as hormonal 
profiles, blood glucose levels, hemoglobin A1C con-
centrations, insulin, C-peptide levels, or calculation of 
homeostasis model assessment for insulin resistance 
for evaluating their impacts. Another limitation is the 
lack of information on the pathology, grading and stag-
ing of breast cancer. Finally, we should point out that 
the short median follow-up time of 2.8 years and the 
relatively low number of breast cancer cases (Table  2: 
n  = 35 in ever users in the unmatched cohort and 
the matched cohort and n = 41 in never users in the 
matched cohort) would potentially lead to a conclusion 
of null association because of lack of statistical power. 
Therefore, additional studies are warranted to confirm 
our findings.

In summary, this study supports a null association 
between pioglitazone use and breast cancer risk in Tai-
wanese female patients with type 2 diabetes mellitus. 
The findings of the present study together with those 
of our previous studies [30–36, 45, 46] should at least 
relieve the concern of a potentially higher risk of com-
mon cancers associated with pioglitazone use. Because 
of the small case numbers of breast cancer and the lim-
ited follow-up time, further studies are warranted to 
confirm our conclusion of a null association.
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