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1. INTRODUCTION

Bladder cancer (BC) represents a significant global health 
concern, ranking as the 10th most common cancer worldwide. 
Its incidence and mortality rates are markedly higher in men 
than in women [1]. Geographical variations in BC prevalence 
are conspicuous, with the highest incidence being observed 
among men in Southern and Western Europe, North America, 
and parts of Northern Africa and Western Asia [2]. In Egypt, 
a notable shift has occurred in the predominant histological 
type of BC, transitioning from squamous cell carcinoma 
to transitional cell carcinoma, particularly in the Kotour 
District [3]. Although women are less likely to develop BC, 
they tend to experience poorer prognoses and higher mortality 
rates than men, even after adjusting for stage and tumor 
characteristics [4].

Socioeconomic factors also influence BC incidence and 
higher rates were found in individuals with low socioeconomic 
status in Canada, with growing income- and education-related 
disparities [5]. In China, the incidence of BC increased from 
1998 to 2007, followed by a decline through 2015, along with 

a decrease in mortality rate [6]. In the Netherlands, shifts 
in classification and reporting systems have significantly 
impacted the trends in BC incidence [7].

The epidemiology of BC is subject to geography, sex, 
socioeconomic status, and variations in medical classification 
and reporting systems. While smoking is commonly associated 
with lung cancer, it is also a significant and preventable risk 
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factor for BC. Other potential contributors include genetic 
predisposition, occupational exposure to carcinogens, and the 
use of chronic medications [8]. Renal transplant recipients 
have a higher incidence of BC [9], and the condition is also 
prevalent in patients with upper urinary tract tumors [10].

Age is a key factor involved in BC development. BC is 
typically diagnosed between the ages of 57 and 64 years [11], 
with a significant prevalence among individuals aged 
>40 years [12]. The risk of BC increases with age, with most 
lesions being superficial [12]. Notably, there is a significant 
sex disparity in BC incidence, with men being more frequently 
afflicted than women. Male-to-female ratios in BC reportedly 
ranged from 4:1 to 6.2:1 [11].

The association between pioglitazone use and BC has 
been extensively studied. In 2016, the United States Food 
and Drug Administration further evaluated pioglitazone and 
reported a potential association with an increased risk of 
BC [13]. However, studies investigating this link have yielded 
mixed results. Colmers et al. [14] reported a 40% higher BC 
risk among pioglitazone users, whereas Piccinni et al. [15] 
emphasized the importance of addressing confounding 
factors, such as smoking, that could influence the results. 
Lewis et al. [16] found no significant increase in BC risk with 
short-term pioglitazone use but noted a higher risk with use 
exceeding 2 years. Filipova et al. [17] found no significant 
difference in BC incidence between pioglitazone users and 
non-users, suggesting that long-term use may not directly 
correlate with BC risk, with smoking potentially being a more 
significant factor.

In this systematic review, we evaluated the association 
between pioglitazone use and BC and synthesized evidence to 
clarify the safety profile of pioglitazone. By reviewing recent 
studies on the effects of pioglitazone, we aimed to determine 
whether its use in diabetes management is associated with an 
increased risk of BC.

2. MATERIALS AND METHODS

This review comprehensively assessed the existing 
literature to evaluate the association between pioglitazone 
use and BC occurrence. This analysis was conducted in 
accordance with the guidelines for systematic reviews and 
meta-analyses outlined in the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses [18].

The methodology involved a systematic search of the 
PubMed, Scopus, and Web of Science electronic databases 
for studies published in English from January 31, 2018, to 
July 31, 2024. A  comprehensive search strategy included 
the combination use of the Medical Subject Headings terms 
“pioglitazone,” “urinary bladder,” “risk factors,” “diabetes 
mellitus,” association,” and “prevalence.” Boolean operators 

“AND,” “OR,” and “NOT” were employed to connect these 
terms, arranged as follows: “(((pioglitazone) AND (urinary 
bladder) AND (cancer)) AND (relationship)).”

The inclusion criteria for the studies were: (i) English 
language publications; (ii) studies evaluating the association 
between pioglitazone use and BC occurrence; (iii) clinical 
trials involving human participants; (iv) original research, and 
(v) studies published within the past 6 years. The exclusion 
criteria included: (i) insufficient data; (ii) irrelevant results; 
(iii) theses and other repository documents; (iv) systematic 
reviews, case reports, meta-analyses, and qualitative studies; 
(v) duplicate studies; and (vi) inaccessible full texts, despite 
efforts to obtain them.

Titles and abstracts from the search results were initially 
screened for eligibility based on the inclusion and exclusion 
criteria. Full text was then reviewed to confirm that they had 
the necessary components for inclusion in this study.

All authors participated in the data extraction across 
the databases to ensure consistency and minimize potential 
bias. The extracted information encompassed the study 
design, population characteristics, evaluated parameters, and 
key findings. Reference management involved importing 
citations into RefWorks 2.0 (RefWorks-COS, United States) 
for duplicate removal, followed by transfer to DistillerS 
(Evidence Partners Incorporated, Canada) for screening 
titles and abstracts, as well as full-text analysis. RefWorks 
served as the citation management tool, whereas DistillerS 
facilitated the systematic review process, enabling efficient 
data extraction and comprehensive screening.

To ensure consistency and minimize bias, three independent 
reviewers (SP, KC, and MN) conducted the screening 
process. They reviewed all titles, abstracts, and full texts, 
resolving discrepancies through discussion and consensus. 
The review protocol was registered in the Prospective 
Register of Systematic Reviews (registration number: 
CRD42024600742).

3. RESULTS

The initial literature search yielded 212 results, which were 
filtered according to specific inclusion and exclusion criteria. 
Of these, 176 articles were excluded due to lack of open 
access. Despite efforts to locate alternative resources, limited 
availability hindered these attempts, potentially introducing 
bias. This event underscores the need for greater accessibility 
to ensure a comprehensive literature review. The remaining 
36 articles were further analyzed after 24 were removed for 
inadequate data or unclear conclusions. Of the 12 remaining 
articles, full-text access could not be obtained for six, despite 
multiple retrieval attempts, leaving six studies eligible for the 
systematic review [19-24]. The selection process is illustrated 
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in Figure 1, and Table 1 provides details of the six studies 
included in the review.

This systematic review aimed to explore the potential 
association between pioglitazone use and BC risk. The 
six selected studies presented a complex array of findings, 
revealing both consensus and discrepancies, which emphasizes 
the necessity of a cautious and nuanced interpretation of the 
evidence.

Riaz et al. [19] examined individuals aged ≥40 years with 
a 2-year history of type 2 diabetes mellitus (T2DM). Group A 
consisted of patients who had been using pioglitazone for at 
least 2 years, whereas Group B comprised patients using either 
oral hypoglycemic agents or insulin. In groups, the majority of 
participants were male, with a mean age of 47.01 ± 8.27 years 
in Group A and 58.97 ± 8.14 years in Group B. The average 
duration of T2DM was 8.65 ± 3.72  years in Group A, 
against 10.86 ± 4.48 years in Group B. The mean duration of 
pioglitazone use was 6.92 ± 2.28 years. Notably, none of the 
participants were diagnosed with BC during the study period.

Garry et al. studied 247,356 medicare patients aged 
>65 years who began treatment with pioglitazone (n = 38,700), 
dipeptidyl peptidase 4 inhibitors (DPP-4s) (n = 82,552), or 
sulfonylureas (n = 126,104) between 2007 and 2014 [20]. 
Over a mean follow-up of 1.2 years, 727 patients developed 
BC. Pioglitazone users had higher incidence rates of BC 
per 100,000 person-years (n = 308) compared to DPP-4s 
(n = 204) or sulfonylurea (n = 231) users. The adjusted 
hazard ratio (aHR) for pioglitazone use versus DPP-4s was 

1.57 (95% confidence interval [CI]: 1.23–2.00), and the aHR 
for pioglitazone use versus sulfonylureas was 1.32  (95% 
CI: 1.02–1.70), with an elevated risk observed within the 
first 2 years of therapy. However, the risk of developing BC 
decreased in patients who discontinued pioglitazone within 
2 years (aHR 0.89, 95% CI: 0.61–1.28) compared to those 
who were on treatment for over 2  years (aHR 1.45, 95% 
CI: 0.93–2.26), relative to DPP-4 users.

Bhushan et al. [21] reported a global association between 
pioglitazone and adverse drug reactions, with BC being 
the most common (43%). Metformin was frequently co-
administered, appearing in 25% of all individual case safety 
reports involving pioglitazone, and in 40% of BC-specific 
case safety reports. Suspected pioglitazone-related BC was 
reported across 27 countries, with 8,548 severe cases, 1,858 
fatalities, and an information component value of 9.15. The 
Americas had the highest proportion of suspected BC cases 
in pioglitazone safety reports (53%), whereas the prevalence 
in India was considerably lower (2%).

Agrawal et al. [22] investigated the association between 
pioglitazone use and BC risk in 4170 patients with T2DM, of 
whom 50% were taking pioglitazone. The patients underwent 
symptom questionnaires, urinalysis, cystoscopy, and bladder 
biopsies when necessary. The study found no increased risk 
of BC in pioglitazone users, nor any correlation between 
cumulative dose or duration and cancer development, 
indicating that pioglitazone is an effective and safe treatment 
for managing blood sugar levels in T2DM patients.

Figure 1. Flow diagram of literature search and study selection for systematic review (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses flow chart).
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Li et al. [23] studied 97,024  patients with T2DM to 
assess the incidence of newly diagnosed BC in patients 
using a combination of sodium-glucose cotransporter 2 
(SGLT-2) inhibitors and pioglitazone. The patients were 
grouped according to their medication regimens: both drugs 
(Group 1), SGLT-2 inhibitors only (Group 2), pioglitazone 
only (Group 3), and non-study drugs (Group 4). Over a mean 
follow-up of 2.8 years, no new cases of BC were observed 
in Group 1, and overall mortality was significantly reduced 
(aHR: 0.70, 95% CI: 0.54–0.92) compared with the control 
group. Groups 2 and 3 showed no increase in BC risk and 
exhibited a decrease in all-cause mortality compared to the 
control group.

Malhotra et al. [24] analyzed 6440 patients with T2DM, 
categorizing them into pioglitazone users (Group A, n = 1056; 
16.3%) and non-users (Group  B, n = 5384; 83.6%). BC 
incidence did not significantly differ between the groups (odds 
ratio [OR] 1.29, 95% CI: 0.83–2.00 for users; OR 0.94, 95% 
CI 0.834–1.061 for non-users; p = 0.207). However, BC was 

significantly associated with hematuria in pioglitazone users, 
older age, and smoking history in the entire cohort. Among 
all participants, 3.5% of men and 4.6% of women developed 
cancer. Multivariate forward regression analysis revealed a 
significant correlation between age and the presence of BC 
(OR 1.036, 95% CI: 1.022–1.051; p = 0.00).

4. DISCUSSION

The 2022 World Health Organization classification 
categorizes BC into conventional urothelial carcinoma, 
urothelial carcinoma subtypes, and non-urothelial tumors 
with divergent differentiation [25]. Investigating the 
associations between pioglitazone and these subtypes is 
essential, as the varying histopathological features of BC 
often correlate with poorer outcomes and require tailored 
treatment strategies [25,26]. Recognizing specific subtypes 
can help elucidate the carcinogenic mechanisms of 
pioglitazone and support more accurate risk evaluation and 
treatment decisions.

Table 1. Characteristics of the studies selected to investigate the association between pioglitazone use and bladder cancer
Researchers Study type and population Parameters evaluated Main results Conclusion

Riaz et al. [19] A comparative study of 1,168 patients with 
T2DM aged >40 years (584 patients in each 
of Groups A and B). In Group A, the average 
duration of T2DM was 8.65±3.72 years, while 
in Group B, it was 10.86±4.48 years. In Group 
A, 11.99% (n=70) were smokers, whereas in 
Group B, 21.75% (n=127) were smokers.

Use of pioglitazone. None of the patients in either group 
were diagnosed with BC (0%).

No significant 
association between 
pioglitazone use and BC 
was found.

Garry et al. [20] A comparative study of 38,700 patients with 
T2DM aged >65 years who began pioglitazone 
treatment, of whom 3334 (8.6%) were smokers.

Pioglitazone use and 
administration time

Overall RR for BC was 1.32 
(95% CI: 1.02–1.70); RR for 
24 months of treatment was 1.32 
(95% CI: 0.98–1.78); RR for >24 
months of treatment was 1.29 
(95% CI: 0.76–2.18).

Pioglitazone use was 
significantly associated 
with BC risk; however, 
no significant dose-
dependent relationship 
was identified.

Bhushan et al. [21] A retrospective study investigating 16.9 
million individual case safety reports for 
various medications, including 19,904 reports 
specifically related to pioglitazone use.

Distribution by sex, 
regional location, and 
age group

This study identified a higher 
prevalence of BC in men (37%) than 
in women (30%). The United States 
registered the highest number of cases 
(n=8158, 95%), whereas India recorded 
the fewest case numbers (n=3, 0.03%). 
Patients aged 45–64 years were most 
affected, while those aged 18–44 years 
were least affected.

Pioglitazone use was 
associated with a higher 
risk of BC, particularly 
among men, individuals 
residing in the United 
States, and those aged 
45 years or older.

Agrawal et al. [22] This retrospective study examined 4170 patients 
with T2DM, including 2085 pioglitazone users 
and 2,085 non-users.

Users and non-users of 
pioglitazone

Of the 2085 individuals treated with 
pioglitazone, cancer was detected in 
five patients (four women and one 
man). In contrast, no cancer cases were 
observed in the non-user group.

Pioglitazone exposure 
did not increase the risk 
of BC.

Li et al. [23] This retrospective study examined 97,024 
patients with T2DM.

Use of pioglitazone. RR 0.70 (95% CI: 0.54–0.92) Pioglitazone use was not 
found to be a significant 
risk factor for BC.

Malhotra et al. [24] This case–control study examined 6440 patients 
with T2DM, dividing them into two groups: 
1056 patients using pioglitazone (Group A) and 
5384 patients not using pioglitazone (Group B). 
The mean duration of T2DM was 12.7 years in 
Group A and 10.6 years in Group B.

Users and non-users of 
pioglitazone

Users: RR 1.29 (95% CI: 0.83–2.00); non-
users: RR 0.94 (95% CI: 0.834–1.061) 
(p=0.207)

No significant 
association between 
pioglitazone use and BC 
incidence was observed.

BC: Bladder cancer, CI: Confidence interval, RR: Relative risk, T2DM: Type 2 diabetes mellitus.
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Identifying variant histopathology, such as micropapillary 
or plasmacytoid carcinoma, is crucial, as these are typically 
associated with aggressive disease and reduced survival, 
particularly in muscle-invasive BC [27,28]. These findings 
highlight the importance of thorough pathological evaluation 
in patients using pioglitazone. A  better understanding of 
variant histopathology may improve risk classification 
and facilitate more effective multidisciplinary treatment 
approaches. Given that non-muscle-invasive BC with visible 
hematuria exhibits distinct clinical features, future research 
should include histopathological evaluations to accurately 
define the risks associated with pioglitazone use [29].

The inconsistent findings regarding BC risk in relation to 
pioglitazone use necessitate comprehensive assessments that 
account for factors such as patient demographics, smoking 
history, dosage, and treatment duration. Understanding the 
subtypes of BC may further clarify pioglitazone’s safety 
profile and assist in managing diabetes while considering 
potential oncogenic risks [25,28].

Of the six studies included in this review, two, by Garry 
et al. and Bhushan et al. [20,21], identified a significant 
association between pioglitazone use and increased BC risk, 
particularly in men, older adult patients, and those on prolonged 
treatment regimens. Garry et al. [20] reported a 32% higher 
risk of BC (relative risk [RR] 1.32, 95% CI: 1.02–1.70), which 
may be linked to initial exposure to pioglitazone. Bhushan 
et al. [20,21] observed a slight but significant increase in 
BC incidence (RR 1.13, 95% CI: 1.03–1.25), with more 
pronounced effects found in specific demographic groups. In 
contrast, four studies, by Riaz et al., Agrawal et al., Malhotra 
et al., and Li et al. [19,22-24], failed to find a significant 
correlation between pioglitazone use and BC risk, suggesting 
minimal or no effect in the broader populations. Notably, Li 
et al. [24] observed a potential protective effect (RR 0.70, 
95% CI: 0.54–0.92), indicating that other factors, such as 
coexisting health conditions or concurrent medications, might 
influence BC risk more than pioglitazone.

Studies on the effects of pioglitazone on BC risk have 
yielded inconsistent results, with RR estimates ranging from 
0.70 to 1.32. Garry et al. and Bhushan et al. [20,21] suggested 
a higher risk within the first 2  years of use, particularly 
among older adult patients and men. In contrast, Agrawal 
et al. and Malhotra et al. reported no significant dose-related 
effects, suggesting that patient-specific factors might be more 
influential [22,23].

Studies by Garry et al. and Bhushan et al. [20,21], 
which controlled for smoking, identified pioglitazone as 
a significant predictor of BC, implying that its effect may 
be independent of smoking. Conversely, studies by Riaz 
et al. and Li et al. [19,24] lacked consistent adjustments 
for potential confounders, which may have biased their 

outcomes. These inconsistencies, along with variations in 
patient characteristics, contributed to the divergent findings.

Given the uncertainty surrounding the effect of pioglitazone 
on BC development, health-care providers should exercise 
caution, particularly when treating high-risk individuals. An 
individualized risk-benefit assessment is crucial to balance the 
benefits of pioglitazone in blood sugar management with the 
potential, though not definitively proven, risk of BC.

Factors affecting Bacillus Calmette-Guérin (BCG) therapy 
for non-muscle-invasive BC include immunocompromised 
status due to infection risks [30], limited access to relevant 
health-care services in rural areas or high costs [31], 
and contraindications related to severe kidney or heart 
conditions. Diabetes may impair immune function, reducing 
the effectiveness of BCG therapy [32,33], while adaptive 
immune resistance, indicated by programmed death-ligand 
1 expression, may result in a poor response to BCG [34]. 
Alterations in bladder tissue due to these conditions may 
hinder BCG absorption and local efficacy [32,34]. In addition, 
irregular treatment schedules due to socioeconomic factors 
may further decrease the therapy’s effectiveness [35]. 
Genetic factors, such as single-nucleotide polymorphisms 
in autophagy-related genes, may also influence BCG 
outcomes, as autophagy is crucial for BCG-induced trained 
immunity [36]. Addressing these limitations through policy 
changes, increased funding, personalized treatment plans 
incorporating immune markers, and combining BCG with 
other therapies, such as checkpoint inhibitors, could improve 
BCG therapy outcomes in patients with BC [35].

Meta-analyses by Ripamonti et al. and Davidson et al. [37,38] 
indicated an association between protracted pioglitazone 
use and increased BC risk (RR 1.28, 95% CI: 1.08–1.53). 
However, the dose was not significantly associated with BC 
risk (RR 1.21, 95% CI: 0.85–1.73). Age and smoking history 
may have influenced the observed risk findings.

Yan et al. and Garry et al. [20,23] investigated the dosage 
of pioglitazone as a potential risk factor; however, their results 
were not statistically significant (RR 1.29, 95% CI: 0.75–2.22 
and RR 1.29, 95% CI: 0.76–2.18, respectively), which 
are consistent with the findings reported by Li et al. [39]. 
Conversely, Riaz et al. [19] found no cases of BC among 
1,168 patients with diabetes aged >40 years who were using 
pioglitazone, and Agrawal et al. [22] reported no increased 
BC risk in a study of 2085  patients. Similarly, Malhotra 
et al.  [24] found no significant association in their case–
control study (RR 0.94, 95% CI: 0.834–1.061; p = 0.207).

Adil et al.  [40]  conducted a meta-analysis of 
2,470,397  patients with T2DM and found a significant 
association between pioglitazone use and BC risk. 
Observational studies indicated an increased risk of BC 
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(RR 1.20, 95% CI: 1.09–1.31; p < 0.001), although this risk 
emerged only after 12  months of continuous pioglitazone 
use (RR 1.43, 95% CI: 1.10–1.71), except in studies where 
pioglitazone (28 mg) had been prescribed. Ramezannezhad 
et al. [41] reported that using pioglitazone for more than five 
years increased cancer risk (RR 1.24, 95% CI: 1.09–1.41), 
particularly in the 60–69-year age group (RR 1.20, 95% 
CI: 1.04–1.38). This observation contrasts with the findings 
of Bhushan et al. [21], who examined 16.9 million cases 
and reported an increased cancer risk associated with age 
≥45 years, male sex, and residency in the Americas.

Sinha et al. [42] reported no significant association 
between pioglitazone use and BC risk in a study involving 
10,890 patients with diabetes (RR 1.56, 95% CI: 0.79–3.05), 
the result being consistent with the findings of Tang et al. [43].

Kaga et al. [44] also found no link between pioglitazone 
and BC but identified a significant association between insulin 
use and BC risk. Conversely, Lewis et al. [45] observed no 
association between pioglitazone and BC but did report 
increased risks for prostate and pancreatic cancers. Systematic 
reviews and meta-analyses by Ferwana et al. and Zhu 
et al. [46,47] investigated the risk of BC among pioglitazone 
users. Clyne et al. and Tuccori et al. [48,49] further supported 
the association between prolonged use or higher doses with an 
increased BC risk. While some studies reported no significant 
association, other studies suggested an elevated risk with long-
term tobacco use. These findings emphasize the importance of 
considering patient history and risk factors when prescribing 
pioglitazone and underscore the need for further research to 
clarify potential risks. Nevertheless, many studies have found 
a correlation between BC and factors such as the quantity and 
duration of drug use, along with other factors, including age, 
sex, and a history of hematuria.

In a risk-benefit analysis of pioglitazone for managing 
patients with T2DM, pioglitazone, as an insulin sensitizer, 
offered significant benefits. It improved glycemic control, 
reduced hemoglobin A1c levels, and enhanced lipid profiles 
by lowering triglycerides and increasing high-density 
lipoprotein-cholesterol levels [50-53]. A meta-analysis has 
shown that pioglitazone reduced major adverse cardiovascular 
events in individuals with insulin resistance, pre-diabetes, and 
T2DM, especially in those with a history of cardiovascular 
issues [53]. In the treatment of non-alcoholic fatty liver 
disease, pioglitazone decreased hepatic fat levels, improved 
liver enzyme profiles, and demonstrated histological 
improvements in liver tissue [50,52].

However, there are risks associated with pioglitazone 
use. It could cause dose-dependent weight gain [51,54] 
and increase the risk of heart failure [53-55], as well as the 
likelihood of bone fractures, particularly in post-menopausal 
women [54,55]. In addition, the relationship between long-

term pioglitazone use and BC remains controversial [51]. In 
rare cases, it may also cause liver damage, requiring regular 
monitoring of liver function [50]. While pioglitazone provides 
significant benefits for glycemic control and cardiovascular 
health in the treatment of T2DM, its potential risks must be 
carefully considered. An individualized patient assessment 
and continuous monitoring are essential to the optimization 
of treatment efficacy and minimization of adverse effects, 
emphasizing the importance of integrating pioglitazone into 
a comprehensive T2DM management strategy.

Several limitations complicate the interpretation of studies 
examining the association between pioglitazone use and BC 
risk, including confounding variables, such as smoking, which 
render it difficult to isolate the effect of pioglitazone on BC 
risk. In addition, many of these studies were of retrospective 
observational designs, which are prone to bias and hinder 
the establishment of causal relationships. The heterogenicity 
of study populations also raises concerns regarding the 
generalizability of the results. Furthermore, variability in 
the duration of pioglitazone administration and the dosage 
used across trials led to inconsistent findings, likely due 
to differences in the study design, patient adherence, and 
cumulative drug exposure. Moreover, some studies suffered 
from small sample sizes and inadequate follow-up periods, 
which compromised their statistical power and potentially 
resulted in inaccurate risk estimates.

5. CONCLUSION

Current research on the association between pioglitazone 
use and BC incidence remains inconclusive, with only 50% 
of studies reporting an association. However, significant 
associations have been identified with the duration of use 
(>12 months), cumulative dosage (>10.5 g), age (≥60 years), 
male sex, a history of hematuria, and smoking. Further studies 
are required to definitively establish the relationship between 
pioglitazone use and the incidence of BC.
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