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AbstrACt
Objectives Many researchers have expected pioglitazone 
to serve as an effective neuroprotective agent against 
Parkinson’s disease (PD). Therefore, we conducted this 
cohort study to investigate the association between 
pioglitazone use and PD by using a large Asian population-
based dataset in Taiwan.
Design Retrospective cohort study.
setting Taiwan.
Participants 7906 patients with diabetes who had 
received pioglitazone were defined as the study cohort, 
and 7906 matched patients with diabetes who had not 
received pioglitazone were defined as the comparison 
cohort.
Primary and secondary outcome measures We tracked 
each patient individually over a 5-year follow-up period 
to identify those diagnosed as having PD during this 
period. We performed Cox proportional hazard regression 
analyses to evaluate the HRs for PD between the study and 
comparison cohorts.
results The findings indicated that among the sampled 
patients, PD occurred in 257 (1.63%): 119 (1.51%) 
pioglitazone users and 138 (1.75%) non-users. The 
adjusted HR for PD within the follow-up period was 0.90 
(95% CI: 0.68 to 1.18) in the patients who had received 
pioglitazone compared with the matched patients who had 
not received pioglitazone. Moreover, this study revealed 
that pioglitazone use was not associated with PD incidence 
in men (HR: 1.06, 95% CI: 0.71 to 1.59) or women (HR: 
0.84, 95% CI: 0.61 to 1.15).
Conclusions This study did not find the relationship 
between pioglitazone use and PD incidence, regardless of 
sex, among an Asian population of patients with diabetes.

IntrODuCtIOn 
Parkinson’s disease (PD) is a prevalent 
progressive neurodegenerative disorder esti-
mated to affect approximately 7.5 million 
individuals worldwide.1–3 Patients with this 
disease commonly experience such symptoms 
as muscular rigidity, bradykinesia, tremor and 
postural instability.4–6 Many studies have indi-
cated that these motor complications and 
other relevant symptoms may contribute to 
severe disabilities and substantially influence 
patients’ quality of life.7 8 However, to date, 

no clear effective or safe prevention strategy 
against PD has been demonstrated. Levodopa 
and dopamine agonists are recognised 
as available treatments for PD and could 
improve patients’ clinical symptoms; never-
theless, long-term use of these treatments is 
limited by adverse effects and may not reverse 
the development of PD.9–11 

Diabetes mellitus is a common metabolic 
disease which is characterised by the chronic 
hyperglycaemia.12 To date, many prior studies 
have considered that diabetes and PD may 
share similar pathophysiology.13 14 Some 
recent epidemiological studies also observed 
the connection between diabetes and PD.15–17 
Pioglitazone—a thiazolidinedione deriva-
tive—is a frequently administered treatment 
for diabetes mellitus18 and is considered to 
have high affinity for peroxisome prolifer-
ator-activated receptor-γ (PPAR-γ).19 Many 
clinical studies have demonstrated that 
this therapeutic agent consistently reduces 
patients’ serum levels of glucose and free fatty 
acid.20 Recently, increasing in vitro and in vivo 
evidences indicate that PPAR-γ agonists may 
have neuroprotective effects.21–24 Therefore, 
many investigators have expected that piogl-
itazone could selectively stimulate PPAR-γ, 
inhibit the production of proinflammatory 
cytokines and serve as an effective neuropro-
tective agent against PD.25 26

strengths and limitations of this study

 ► This study was a retrospective cohort study using a 
large Asian population-based dataset in Taiwan.

 ► The homogeneity of our study sample may have 
protected against confounding by ethnicity or race.

 ► The dataset used in this study provided sufficient 
sample size and statistical power.

 ► Selection bias that commonly occurs in observation-
al studies was eliminated in this study.

 ► Some lifestyle data were unavailable in the dataset.
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To date, only a few studies conducted in Western coun-
tries have investigated whether pioglitazone can reduce 
the risk of PD.27–30 Moreover, although PD is a multifac-
torial disease that might be affected by genetic factors, 
ethnicity and environmental factors, no study has assessed 
the therapeutic benefits of pioglitazone among patients 
with PD in an Asian population. Furthermore, relevant 
results in previous studies have been inconsistent. There-
fore, the present cohort study was conducted to explore 
the association between pioglitazone use and PD by using 
data from a nationwide population-based database in 
Taiwan.

MethODs
Database
The sample in this population-based cohort study was 
constructed using administrative claims data from 
the Taiwan Longitudinal Health Insurance Database 
2005 (LHID2005). The LHID2005 contains the data 
of 1 million individuals randomly selected from all 
enrollees of Taiwan’s National Health Insurance (NHI) 
programme in 2005 (n=25.68 million); specifically, the 
database contains the medical records and registry files of 
the selected enrollees. The NHI programme which offers 
comprehensive and affordable medical services for the 
Taiwanese population was founded in 1995, and approx-
imately 99.9% of all Taiwanese citizens are registered in 
the programme. The LHID2005 provides de-identified 
secondary data to researchers in Taiwan for academic 
purposes.

study sample
This retrospective cohort study involved a study cohort 
and comparison cohort. For the study cohort, we first 
selected 8381 patients diagnosed as having diabetes 
(International Classification of Diseases, Ninth Revision, 
Clinical Modification (ICD-9-CM): 250) between January 
2002 and December 2008 who had received pioglitazone; 
we defined the first date of receipt of prescribed pioglita-
zone as the index date in this cohort. We then excluded 
patients aged under 40 years (n=382) because the prev-
alence of PD is extremely low in this age group, and we 
further excluded 93 patients with a medical history of 
PD prior to the index date. The final sample in the study 
cohort consisted of 7906 patients with diabetes who had 
received prescriptions of pioglitazone.

For the comparison cohort, we selected 7906 other 
patients with diabetes from the LHID2005 who did not 
receive prescriptions of pioglitazone (one comparison 
patient per patient who received pioglitazone). Addition-
ally, we constructed the comparison cohort by matching 
patients with diabetes who did not receive pioglitazone 
with patients in the study cohort based on sex, age group 
(40–49, 50–59, 60–69, 70–79, and ≥80 years) and year of 
the index date, and we identified the first date of diabetes 
diagnosis in the matched year as the index date of each 
comparison patient. The comparison patients had not 

received pioglitazone since the founding of the NHI 
programme in 1995, and none had received a diagnosis 
of PD prior to the index date.

Outcome measures
This population-based cohort study investigated the asso-
ciation between pioglitazone use and subsequent PD status 
in patients with diabetes. Patients with PD were identified 
based on ICD-9-CM code 332. To define patients with 
diabetes subsequently diagnosed with PD, each patient 
was individually tracked for a 5-year follow-up period 
following the index date. This study further conducted 
a dose-dependent analysis to investigate whether piogli-
tazone exposure strength was associated with PD. The 
cumulative defined daily dose (cDDD) was calculated as 
the sum of dispensed DDD of pioglitazone during 5-year 
study period in this study. We categorised the patients 
receiving pioglitazone into two levels according to the 
median dose (median cDDD=365).

statistical analysis
We conducted all analyses in this study by using SAS for 
Windows (V.9.4, SAS Institute, Cary, North Carolina, 
USA). Χ2 tests were performed to investigate differences 
in geographical region (northern, central, southern and 
eastern Taiwan), urbanisation level (five levels, with level 
1 being the most and level 5 being the least urbanised), 
monthly income, hypertension, hyperlipidaemia, depres-
sive disorder, insomnia, stroke and head injury between 
the study and comparison cohorts. We used stratified Cox 
proportional hazard regressions to evaluate the HR of 
PD during the follow-up period between the study and 
comparison cohorts. Statistical significance was defined 
as a two-sided p value of <0.05.

Patient and public involvement
Patients or public were not involved in the development 
of the research question, outcome measures, study design 
and recruitment/conducting of the present study.

results
This population-based study involved 7906 patients with 
diabetes who had received prescriptions of pioglitazone as 
the study cohort and 7906 matched patients who had not 
been prescribed pioglitazone as the comparison cohort. 
The mean age in the study cohort was 61.2±10.6 years, 
and that in the comparison cohort was 61.1±10.9 years 
(p=0.484). The distribution of demographic characteris-
tics in both cohorts is shown in table 1. After matching 
for sex, age group and index year, we observed significant 
differences between the study and comparison cohorts 
in terms of geographical region (p=0.001), urbanisation 
level (p<0.001), hypertension (p<0.001), hyperlipidaemia 
(p<0.001), depressive disorder (p=0.014), insomnia 
(p=0.008), aspirin use (p<0.001), statins use (p<0.001) 
and angiotensin receptor blockers use (p<0.001). In 
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addition, we observed no significant differences in 
monthly income, stroke or head injury between the two 
cohorts.

Table 2 provides a comparison of PD incidence during 
the 5-year follow-up period between the study cohort and 
comparison cohort, revealing that among the sampled 
patients, PD occurred in 257 (1.63%): 119 (1.51%) piogl-
itazone users and 138 (1.75%) non-users. Table 2 presents 

a comparison of the HRs for PD incidence in patients 
with diabetes who were pioglitazone users and those who 
were not pioglitazone users. The crude HR was 0.86 (95% 
CI: 0.67 to 1.10) for the study patients compared with the 
comparison patients during the follow-up period. The 
adjusted HR for PD occurrence within 5 years following 
the index date was 0.90 (95% CI: 0.68 to 1.18) in patients 
with diabetes who had received pioglitazone compared 

Table 1 Demographic characteristics and comorbidities of patients with diabetes mellitus, stratified by whether or not 
patients received pioglitazone (n=15 812)

Variable

Pioglitazone users (n=7906) Non-users (n=7906)

P valuesTotal no. Column % Total no. Column %

Sex >0.999

  Male 3696 46.8 3696 46.8

  Female 4210 53.3 4210 53.3

Age (years) >0.999

  40–49 1156 14.6 1156 14.6

  50–59 2543 32.2 2543 32.2

  60–69 2324 29.4 2324 29.4

  70–79 1528 19.3 1528 19.3

  ≥80 355 4.5 355 4.5

Geographical region 0.001

  Northern 3599 45.5 3446 43.6

  Central 1770 22.4 1939 24.5

  Southern 2270 28.7 2303 29.1

  Eastern 267 3.4 218 2.8

Urbanisation level <0.001

  1 (most urbanised) 2360 29.9 2134 27.0

  2 2296 29.0 2253 28.5

  3 1144 14.5 1202 15.2

  4 1069 13.5 1207 15.3

  5 (least urbanised) 1037 13.1 1110 14.0

Monthly income 0.063

  $NT0–$NT15 840 3580 45.28 3637 46

  $NT15 841–$NT25 000 2864 36.23 2920 36.93

  ≥$NT25 001 1462 18.49 1349 17.06

Comorbidities

  Hypertension 4609 58.3 3862 48.9 <0.001

  Hyperlipidaemia 3431 43.4 2174 27.5 <0.001

  Depressive disorder 516 6.5 595 7.5 0.014

  Insomnia 2264 28.6 2416 30.6 0.008

  Stroke 1425 18.0 1428 18.1 0.951

  Head injury 335 4.2 344 4.4 0.724

Medication use

  Aspirin 4125 52.2 2444 30.9 <0.001

  Statins 4130 52.2 1121 14.2 <0.001

  Angiotensin receptor blockers 3357 42.5 1214 15.4 <0.001

 The average exchange rate in 2015 was US$1.00=$NT30.
NT, New Taiwan.
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with those who had not, after adjustment for geograph-
ical region, urbanisation level, monthly income, hyper-
tension, hyperlipidaemia, depressive disorder, insomnia, 
stroke, head injury, aspirin use, statins use and angio-
tensin receptor blockers use. Furthermore, the findings 
regarding the covariate-adjusted HRs for Parkinson's 
disease among the sampled patients were displayed in 
online supplementary table 1.

Table 3 presents the HRs for PD incidence between 
patients with diabetes who were pioglitazone users and 
patients who were non-users in terms of sex. The results 
revealed that pioglitazone use was not associated with PD 
incidence in both men and women with diabetes. The 
adjusted HRs for PD incidence were 1.08 (95% CI: 0.72 
to 1.61) and 0.84 (95% CI: 0.61 to 1.16), respectively, 
for men and women with diabetes who had received 
pioglitazone.

Table 4 shows the findings regarding dose-depen-
dent analysis. It reveals the HRs for Parkinson's disease 
among patients with diabetes during a 5-year follow-up 
period, stratified by the cDDD of pioglitazone. We failed 
to observe the relationship between pioglitazone use and 
PD incidence in both high and low cumulative dose of 
pioglitazone. The adjusted HRs for PD occurrence were 
0.94 (95% CI: 0.66 to 1.34) and 0.82 (95% CI: 0.59 to 
1.15), respectively, for patients receiving high cumulative 
dose of pioglitazone (≥365 cDDD) and low cumulative 
dose of pioglitazone (<365 cDDD).

DIsCussIOn
This nationwide retrospective cohort study failed to 
observe the association between pioglitazone use and 
PD after adjusting for geographical location, monthly 
income, urbanisation level, hypertension, hyperlipi-
daemia, depressive disorder, insomnia, stroke and head 
injury. Moreover, this study did not observe the asso-
ciation between pioglitazone use and PD among male 
and female patients. Because experimental studies have 
increasingly observed that pioglitazone could suppress 
proinflammatory cytokine production and may have 
neuroprotective effects, many researchers have expected 
that administering pioglitazone could be an effective 
therapeutic strategy for treating PD.21–26 However, only a 
few recent studies conducted in Western countries have 
explored the association between pioglitazone use and 
PD.27–30 Additionally, the findings of related studies have 
been inconsistent.

This population-based cohort study observed no associa-
tion between pioglitazone use and PD risk among patients 
with diabetes mellitus, regardless of sex group. The results 
of our study are similar to those of other studies that 
have attempted to evaluate the efficacy of pioglitazone 
for treating PD. For instance, one multicentre, double-
blind, randomised trial (phase 2) conducted in the USA 
to analyse 210 patients revealed that pioglitazone use was 
unable to alter the progression of PD in the early stages. 
Another observational study conducted in the USA that 
analysed 29 397 patients on Medicare revealed that the 

Table 2 HRs for Parkinson's disease among patients with diabetes mellitus during a 5-year follow-up period, stratified by 
whether or not patients received pioglitazone

Following incidence of 
Parkinson's disease Total sample (n=15 812) Pioglitazone users (n=7906) Non-users (n=7906)

Five-year follow-up period

  Yes, n (%) 257 (1.63) 119 (1.51) 138 (1.75)

  Crude HR (95% CI) -- 0.86 (0.67 to 1.10) 1.00

  Adjusted HR* (95% CI) -- 0.90 (0.68 to 1.18) 1.00

The adjusted HR was calculated by a Cox proportional hazard regression stratified by sex, age group and the index year.
*Adjusted for geographical region, urbanisation level, monthly income, hypertension, hyperlipidaemia, depressive disorder, insomnia, 
stroke, head injury, aspirin use, statins use and angiotensin receptor blockers use.

Table 3 HRs for Parkinson's disease among sampled patients according to sex group

Following incidence of 
Parkinson's disease

Male (n=7392) Female (n=8420)

Pioglitazone users 
(n=3696) Non-users (n=3696)

Pioglitazone users 
(n=4210) Non-users (n=4210)

Five-year follow-up period

  Yes, n (%) 50 (1.35) 49 (1.33) 69 (1.64) 89 (2.11)

  Crude HR (95% CI) 1.02 (0.69 to 1.51) 1.00 0.77 (0.56 to 1.06) 1.00

  Adjusted HR* (95% CI) 1.06 (0.71 to 1.59) 1.00 0.84 (0.61 to 1.15) 1.00

The adjusted HR was calculated by a Cox proportional hazard regression stratified by age group and the index year.
*Adjusted for geographical region, urbanisation level, monthly income, hypertension, hyperlipidaemia, depressive disorder, insomnia, stroke, 
head injury, aspirin use, statins use and angiotensin receptor blockers use.
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HR for PD among thiazolidinedione users (including 
patients who used pioglitazone, troglitazone and rosigl-
itazone) was 1.09 (95% CI: 0.71 to 1.66) compared with 
sulfonylurea users.28 According to the relevant findings 
of our study and those of previous studies, pioglitazone 
use is not associated with PD incidence. In other words, 
pioglitazone might not reduce the risk of PD.

Relevant results obtained in two previous studies are 
inconsistent with our findings.29 30 One of these studies 
was a retrospective cohort study that used data sourced 
from the Clinical Practice Research Datalink in the 
UK.29 That study revealed that thiazolidinedione users 
(including patients prescribed pioglitazone or rosiglita-
zone) were at a lower risk of PD than were matched users 
of other antidiabetic drugs.29 The other of the aforemen-
tioned two studies—conducted in Norway—observed that 
thiazolidinedione users were at a significantly lower risk 
of PD than were metformin only users (HR: 0.72; 95% CI: 
0.55 to 0.94).30 These contradictory findings could be the 
result of several inherent limitations, such as ethnicity 
variance, information deficiency and study strategy 
difference. For instance, both of the aforementioned 
two studies analysed Western patient populations.29 30 
By contrast, the present study analysed an Asian popula-
tion to investigate the association between pioglitazone 
use and PD. In previous literature, the frequency of the 
PPAR-γ Pro12Ala polymorphism varies from 2% to 25% 
depending on race/ethnicity. The frequency is relatively 
high in Caucasians (about 20%); however, it is as low as 
1%–3% in Asian and African population.31Accordingly, 
genetic and environmental factors in Asian populations 
may be different from those in Western populations. In 
addition, the aforementioned study conducted in Norway 
did not consider some potential risk factors and comor-
bidities in the analyses30; such an information deficiency 
could affect the connection between pioglitazone use and 
PD. Furthermore, the aforementioned study conducted 
in the UK indicated that the observed preventive associ-
ation was limited to cases of thiazolidinedione treatment 
and did not consider relative long-term benefits.29 More-
over, further analysis revealed that pioglitazone use did 
not reduce the risk of PD.29

The primary strength of our study is its population-based 
design. The large database used is representative of the 

entire Taiwanese population, and thus, selection bias—
which commonly occurs in observational studies—was 
eliminated. Furthermore, the characteristics of the 
LHID2005 provided sufficient statistical power to inves-
tigate the association between pioglitazone use and PD 
among patients with diabetes mellitus. Second, this study 
selected patients with diabetes mellitus as the compar-
ison cohort; this design strategy may have prevented 
effects due to diabetes mellitus. Third, most patients 
involved in this cohort study were Han Chinese; the 
homogeneity of our study sample may have protected 
against confounding by ethnicity or race.32 33 Ethnicity 
may affect the association between pioglitazone use and 
PD incidence.

This population-based cohort study has several limita-
tions. First, lifestyle data such as those related to tobacco 
smoking, body mass index, pesticide exposure, caffeine 
intake, alcohol consumption and physical activity are 
unavailable in the LHID2005. These factors were consid-
ered to be associated with PD development and may have 
affected the relevant findings of our study.34 Second, data 
of some patients with mild symptoms of PD may not be 
in the LHID2005, because such patients might consider 
relevant treatments non-essential and thus not directly 
seek Taiwan NHI medical services. Third, even though 
the diabetes control status may affect the association 
between pioglitazone use and PD, the laboratory data 
regarding glycosylated haemoglobin are unavailable in 
the LHID2005. Thus, we could not estimate the potential 
effects of the patients’ diabetes control status in this study. 
Ultimately, our study investigated only the association 
between pioglitazone and PD incidence. The LHID2005 
does not contain records of the Unified Parkinson’s 
Disease Rating Scale (UPDRS). Consequently, we were 
unable to ensure whether pioglitazone use slows down 
the PD progression.

In summary, this retrospective cohort study failed to 
determine the relationship between pioglitazone use and 
PD incidence, regardless of sex, among an Asian popula-
tion of patients with diabetes. Pioglitazone may not be an 
efficacious agent to prevent the incidence of PD. Never-
theless, additional large epidemiological studies consid-
ering the association between pioglitazone use and PD 
severity (eg, that determined based on the UPDRS) are 

Table 4 HRs for Parkinson's disease among patients with diabetes mellitus during a 5-year follow-up period, stratified by 
pioglitazone cumulative dose

Following incidence of 
Parkinson's disease

Pioglitazone cumulative dose

≥365 cDDD (n=3957) <365 cDDD (n=3949) 0 cDDD (n=3957)

Five-year follow-up period

  Yes, n (%) 55 (1.39) 64 (1.62) 138 (1.75)

  Crude HR (95% CI) 0.79 (0.58 to 1.09) 0.93 (0.69 to 1.25) 1.00

  Adjusted HR* (95% CI) 0.94 (0.66 to 1.34) 0.82 (0.59 to 1.15) 1.00

*Adjusted for age, sex, geographical region, urbanisation level, monthly income, hypertension, hyperlipidaemia, depressive disorder, insomnia, 
stroke, head injury, aspirin use, statins use and angiotensin receptor blockers use.
cDDD, cumulative defined daily dose.
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required to determine whether pioglitazone use could 
decelerate PD progression or mitigate PD symptoms.
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