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Abstract
Background. T Parkinson’s Disease (PD) stands as the neurodegenerative disorder with the second highest incidence, 
leading to substantial disability and death rates. Research to date suggests a potential increased risk for PD development 
in individuals with diabetes, yet the correlation between PD and the use of antidiabetic drugs remains to be fully under-
stood. This study aims to investigate the relationship between thiazolidinedione (TZD) use with the risk of PD in patients 
with diabetes.
Methods. A search of literature was carried out using certain keywords across four databases up until December 11th, 
2022: Europe PMC, Scopus, Medline, and Cochrane Library. The review included all studies assessing the risk of Parkin-
son’s Disease (PD) in patients with diabetes who were treated with thiazolidinediones (TZDs). The pooled risk ratios (RRs) 
with 95% confidence intervals (CIs) were determined using random-effects models.
Results. Our meta-analysis from 12 observational studies revealed that TZD use was associated with reduced risk of PD in 
patients with diabetes (RR 0.75; 95%CI: 0.63 – 0.91, p=0.003, I2 = 92%). The neuroprotective impact of thiazolidinediones 
(TZDs) against Parkinson’s Disease (PD) did not show significant variation based on patient characteristics like age 
(p=0.3380), gender (p=0.9761), hypertension (p=0.1849), smokers (p=0.1476), stroke (p=0.4810), head injury (p=0.5025), 
and diabetes duration (p=0.2533).
Conclusions. This study suggests that the use of TZD in patients with diabetes has a positive neuroprotective effect on the 
risk of PD. However, to validate these results, further randomized clinical trials (RCTs) are necessary
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Introduction

Parkinson’s disease (PD) is a long-term, neurode-
generative disorder marked by the loss of dopamin-
ergic neurons in the substantia nigra [1]. These neu-
rons produce the neurotransmitter dopamine which 
works in regulating muscle movement and body bal-
ance [1]. Reduced dopamine production will result in 
the loss of voluntary movement control over time [1]. 
Parkinson’s disease (PD) stands as the second most 
prevalent neurodegenerative condition, following 
Alzheimer’s disease (AD) [2,3]. The prevalence of this 
disease increases with age with a peak age of 60-70 
years [2,3]. According to the data from the World 
Health Organization (WHO), the prevalence of PD 
has doubled in the last 25 years [4]. PD is estimated to 
affect more than 8.5 million individuals in 2019 with 
5.8 million disability-adjusted life years and 329 thou-
sand deaths [4]. This illustrates that PD has caused 
not only a health burden but also a social and eco-
nomic burden around the world [4]. Therefore, the 
search for effective treatments and means of preven-
tion is important to reduce these burdens.

Several well-known risk factors such as genetic 
susceptibility, age, exposure to pesticides, and head 
injury have been shown to increase the likelihood of 
developing PD [2,5]. On the other hand, tobacco 
smoking, consumption of coffee and caffeine, as well 
as physical activity can reduce the risk of developing 
PD [2,5]. Besides those factors, recent meta-analyses 
have also found that diabetes mellitus may be associ-
ated with an increased risk of PD [6,7]. This is hypoth-
esized to be related to overlapping risk factors be-
tween DM and PD, such as age which is the main risk 
factor for both DM and PD [8,9]. In addition, both DM 
and PD are associated with chronic inflammation 
which plays an important role in the pathophysiolo-
gy of the disease [8,9]. The next question that arises is 
whether antidiabetic drugs can also affect the risk of 
PD in the population of diabetes. Existing literature 
regarding antidiabetic agents, especially thiazolidin-
ediones (TZD) on the risk of PD is still scarce and 
shows conflicting results. A study by Rhee SY et al. 
[10] showed that all antidiabetic medications, includ-
ing TZD, significantly increased the risk of develop-
ing PD, whereas the study by Brauer et al [11] found 
no significant association between the use of TZD and 
the incidence of PD. On the other hand, in their study 
of 62,400 patients with type 2 diabetes mellitus 
(T2DM), Zhao H et al. [12] has demonstrated a re-
duced incidence of PD in the group using TZD as their 
antidiabetic agent. Considering the varied outcomes, 
our goal was to investigate the relationship between 
the use of thiazolidinedione (TZD) and the incidence 
of Parkinson’s Disease (PD) in individuals with diabe-
tes.

MATERIALS AND METHODS
Eligibility criteria

This systematic review and meta-analysis were 
conducted in accordance with the guidelines of the 
Meta-analysis of Observational Studies in Epidemiol-
ogy (MOOSE) and the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA). 
Studies qualified for inclusion in this review based 
on a set inclusion criteria structured around the PE-
COS approach, detailed as follows: (1) the population 
consisted of individuals with diabetes mellitus (DM) 
without a PD diagnosis at study initiation; (2) the ex-
posure was the use of thiazolidinediones (TZDs) as 
the antidiabetic treatment; (3) the control group in-
cluded patients without a history of TZD use but who 
were on alternative antidiabetic therapies (such as 
metformin, sulfonylureas, glinides, DPP-4 inhibitors, 
GLP-1 receptor agonists, SGLT-2 inhibitors, or insu-
lin); (4) the outcome was the occurrence of PD; (5) the 
study design encompassed clinical trials and obser-
vational studies (including cohort, case-control, or 
cross-sectional studies). Studies were excluded from 
this review if one or more of the following exclusion 
criteria were present: (1) studies in a population of 
patients with Parkinson’s Disease (PD); (2) studies as-
sessing the effect of antidiabetic agents on the disease 
course and outcome of PD; (3) studies that are not 
available in full-text form; (4) case-series and case-re-
ports; (5) non-primary research.

Search strategy and study selection
The literature searching process was conducted 

for articles published in English up to December 
11th, 2022 using 4 databases: Europe PMC, Scopus, 
Medline, and Cochrane Library. The keywords used 
for searching the literature were as follows: 
“(thiazolidinediones OR glitazones OR pioglitazone 
OR rosiglitazone OR troglitazone) AND (diabetes OR 
diabetes mellitus OR DM OR type 1 diabetes OR T1D 
OR type 2 diabetes OR T2D) AND (Parkinson disease 
OR Parkinson’s Disease OR PD)”. The search methods 
applied for each database are outlined in Sup
plementary Table 1. Initially, two reviewers assessed 
articles by their titles and abstracts, eliminating any 
duplicates. Subsequent full-text evaluations were 
based on specific inclusion and exclusion guidelines. 
In cases of discrepancy, a third independent revie
wer was consulted to reach a consensus.

Data extraction
Two independent reviewers conducted the data 

retrieval process to gather key details from the select-
ed studies as follows: name of the authors, country of 
study, publication year, study design, number of sam-
ples, duration of follow-up, and characteristics of 
study participants (age, gender, duration of DM, hy-
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TABLE 1. Baseline characteristics of the included studies
Study Country Design Sample 

size
Follow up 
time (years)

DM 
duration 
(years)

Age 
(years)

Male
(%)

HTN
(%)

Smokers
(%)

Stroke
(%)

Head 
injury 
(%)

Brakedal B et 
al. [17] 2017

Norway Retrospective 
cohort

102,745 6.9 ± 2 7.1 ± 3.3 64.1 54.9% N/A N/A N/A N/A

Brauer R et al. 
[18] 2015

UK Retrospective 
cohort

164,970 5.2 ± 3.7 7.8 ± 3.5 63.3 56.5% N/A 65.7% N/A 3.2%

Brauer R et al. 
[11] 2020

UK Retrospective 
cohort

59,568 3.4 ± 3 4.3 ± 4.1 63.5 59.6% 62.6% 66.3% 7.8% 3.9%

Chang YH et al. 
[19] 2021

Taiwan Retrospective 
cohort

48,828 N/A 5.8 ± 4.4 57.9 56.3% 68.3% N/A 6.6% N/A

Connolly JG et 
al. [20] 2015

USA Retrospective 
cohort

29,397 2.9 ± 1.6 N/A 78.5 27.1% 72.7% N/A 9.1% N/A

Deischinger C 
et al. [21] 2021

Austria Retrospective 
cohort

177,315 N/A N/A 64.3 60.7% 72.2% 9.8% N/A N/A

Lin HL et al. 
[22] 2018

Taiwan Retrospective 
cohort

38,521 6.2 ± 4.4 N/A 54.6 54.2% N/A N/A 12.2% N/A

Rhee SY et al. 
[10] 2020

South 
Korea

Retrospective 
cohort

1,308,089 6.3 ± 3.2 4.7 ± 3.9 60.4 56.6% 6.4% 21.5% 2.7% N/A

Sunnarborg K 
et al. [23] 2022

Finland Case-control 9,951 N/A 10.6 ± 1.3 63 59.8% 42.3% N/A N/A 1.3%

Tseng CH et al. 
[24] 2018

Taiwan Retrospective 
cohort

22,022 2.9 years 6.4 ± 2.7 58.7 56.8% 80.5% 4.2% 21% 3.2%

Wu HF et al. 
[25] 2018

Taiwan Retrospective 
cohort

15,812 5 years N/A 61.2 46.7% 53.6% N/A 18% 4.3%

Zhao H et al. 
[12] 2022

China Retrospective 
cohort

62,400 6 ± 4.2 N/A 60.6 47.8% N/A 30.6% N/A N/A

DM = diabetes mellitus; HTN = hypertension; N/A = not available

Supplementary TABLE 1. Literature search strategy
1A. Medline and Europe PMC Search String:
“(thiazolidinediones OR glitazones OR pioglitazone OR rosiglitazone OR troglitazone) AND (diabetes OR diabetes mellitus OR DM OR 
type 1 diabetes OR T1D OR type 2 diabetes OR T2D) AND (Parkinson disease OR Parkinson’s Disease OR PD)”
1B. Example Scopus and Cochrane Library Search Strategy:
1. thiazolidinediones
2. glitazones
3. pioglitazone
4. rosiglitazone
5. troglitazone
6. diabetes
7. diabetes mellitus
8. DM
9. type 1 diabetes
10. T1D

11. type 2 diabetes
12. T2D
13. Parkinson disease
14. Parkinson’s Disease
15. PD
16. 1 or 2 or 3 or 4 or 5
17. 6 or 7 or 8 or 9 or 10 or 11 or 12
18. 13 or 14 or 15
19. 16 and 17 and 18

pertension, smokers, stroke, and head injury), the 
number of participants in the exposure group, the 
number of participants in the control group, and the 
outcome of interest in each group.

Risk of bias assessment
Two independent reviewers conducted a risk of 

bias assessment of the included studies using an ap-
propriate and validated tool. The Newcastle-Ottawa 
Scale (NOS) served to gauge the quality of the obser-
vational studies included, which covered three areas 
of assessment: the selection of participants for the 
study, the comparability between groups, and the de-
termination of outcomes in each study. Each study 

could score anywhere from 0 to 9, with studies 
achieving a score of 7 or above being classified as 
good quality research [15].

Statistical analysis
The incidence of Parkinson’s Disease (PD), which 

was the primary outcome of interest in this study, 
was reported in the form of a risk ratio (RR) along 
with its 95% confidence interval (95% CI) by using the 
Mantel-Haenszel formula. The random-effect model 
was chosen in this study because heterogeneity was 
expected due to different participant characteristics, 
study design, and time points on which the follow-up 
was performed. Heterogeneity between studies was 
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assessed using I-squared (I2) statistics where values 
<25%, 26-50%, and >50% were considered as low, 
moderate, and high heterogeneity, respectively [16]. 
A meta-regression using a random-effects model was 
conducted with a restricted-maximum likelihood, fo-
cusing on specific variables like age, gender, hyper-
tension, smoking status, history of stroke, head inju-
ries, and the duration of diabetes. This was done to 
explore the interactive effect of TZD use with these 
factors on the occurrence of PD. If over 10 studies 
were combined in the meta-analysis, a funnel plot 
was utilized to evaluate publication bias. All the anal-
yses for this research were executed using the Re-
view Manager 5.4 from Cochrane Collaboration and 
the Comprehensive Meta-Analysis 3 software.

RESULTS
Study selection and characteristics

The literature searching process on four databas-
es resulted in a total of 695 studies. After removing 
the duplicates and screening the studies based on the 
titles/abstracts, 668 studies were excluded and leav-
ing 27 studies for full-text assessment. Of these 27 
studies, 15 studies were further excluded due to the 
following reasons: 7 studies were review articles, 5 
studies were not done in human subjects, and 3 stud-
ies did not have data on the outcome of interest. Ulti-

mately, there were 12 studies [10-12,17-25] included 
in the review which encompassed a total of 2,039,618 
patients with diabetes mellitus (Figure 1). Of these 12 
studies, 11 studies were retrospective cohorts while 
the remaining 1 study was a case-control study. Four 
of the included studies came from Taiwan, two stud-
ies from the United Kingdom (UK), and one study 
each from Norway, the United States of America 
(USA), Austria, South Korea, Finland, and China. The 
mean follow-up time within the included studies 
ranged from 2.9 to 6.9 years. More details regarding 
the baseline characteristics of the included studies 
can be seen in Table 1.

Quality of study assessment
Based on the risk of bias assessment using the 

NOS tool, all included studies were having good qual-
ity, so they were considered worthy of being included 
in the meta-analysis (Table 2).

Incidence of Parkinson’s Disease (PD)
Our meta-analysis based on 12 observational 

studies showed that the use of thiazolidinediones 
(TZD) as antidiabetic agents in patients with diabetes 
mellitus (DM) was associated with a lower risk of de-
veloping Parkinson’s disease (PD) when compared 
with other antidiabetic agents (RR 0.75; 95%CI: 0.63 

695 Records identified through database searching
386 Europe PMC
193 Scopus
101 Medline
  15 Cochrane Library

695 Records screened
													           
													           
        	                                      668 Records excluded on the basis of title and abstract
                                                                                  and duplicates removed

  
27 Full-text articles assessed for eligibility

                                                                                 15 Full-text articles excluded, with reasons
                                                                                       7 Were review articles
                                                                                       5 Not in human subjects 
                                                                                       3 No outcome of interest

12 Studies included in qualitative synthesis

12 Studies included in quantitative synthesis
       (meta-analysis)

FIGURE 1. PRISMA diagram of the detailed process of selection of studies for inclusion in the systematic review and 
meta-analysis
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– 0.91, p=0.003, I2 = 92%, random-effect model) (Fig-
ure 2).

Meta-regression
Meta-regression was utilized to ascertain the risk 

factors that could potentially affect the correlation 
between the usage of thiazolidinedione (TZD) and 
the occurrence of Parkinson’s Disease (PD). The 

TABLE 2. Newcastle-Ottawa quality assessment of observational studies
First author, year Study design Selectiona Comparabilityb Outcomec Total score Result
Brakedal B et al. [17] 2017 Cohort *** ** *** 8 Good
Brauer R et al. [18] 2015 Cohort *** ** *** 8 Good
Brauer R et al. [11] 2020 Cohort *** ** *** 8 Good
Chang YH et al. [19] 2021 Cohort *** ** ** 7 Good
Connolly JG et al. [20] 2015 Cohort *** ** *** 8 Good
Deischinger C et al. [21] 2021 Cohort *** ** ** 7 Good
Lin HL et al. [22] 2018 Cohort *** ** *** 8 Good
Rhee SY et al. [10] 2020 Cohort *** ** *** 8 Good
Sunnarborg K et al. [23] 2022 Cohort *** ** ** 7 Good
Tseng CH et al. [24] 2018 Cohort *** ** ** 7 Good
Wu HF et al. [25] 2018 Cohort *** ** ** 7 Good
Zhao H et al. [12] 2022 Cohort *** ** *** 8 Good

a(1) representativeness of the exposed cohort; (2) selection of the non-exposed cohort; (3) ascertainment of exposure; (4) demonstration that 
outcome of interest was not present at start of study
b(1) comparability of cohorts on the basis of design or analysis, (maximum two stars)
c(1) assessment of outcome; (2) was follow-up long enough for outcomes to occur; (3) adequacy of follow up of cohorts

Supplementary TABLE 2. Results for the meta-regression models for incidence of Parkinson’s Disease

Incidence of Parkinson’s Disease

Covariate Coefficient 95% CI (min) 95% CI (max) S.E. p-value

Age 0.0181 -0.0189 0.0551 0.0189 0.3380
Gender 0.0004 -0.0236 0.0244 0.0122 0.9761
Hypertension -0.0062 -0.0153 0.0030 0.0047 0.1849
Smokers 0.0081 -0.0029 0.0191 0.0056 0.1476
Stroke -0.0188 -0.0713 0.0336 0.0267 0.4810
Head injury 0.0769 -0.1478 0.3015 0.1146 0.5025
Diabetes duration -0.0570 -0.1549 0.0408 0.0499 0.2533

FIGURE 2. Forest plot that demonstrates the association between thiazolidinedione (TZD) use with the risk of Parkinson’s 
Disease (PD) in patients with diabetes mellitus (DM)

analysis indicated that the variation in PD occur-
rence among patients with diabetes mellitus who 
were on TZD therapy was not accounted for by es-
tablished patient factors known to predict treat-
ment outcomes, as detailed in Supplementary Table 
2. From our meta-regression analysis, it was re-
vealed that the incidence of PD in diabetes mellitus 
patients using TZD was not significantly influenced 
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Regression of Log risk ratio on Age Regression of Log risk ratio on Male gender 

Regression of Log risk ratio on Hypertension Regression of Log risk ratio on Smokers 

Regression of Log risk ratio on Stroke Regression of Log risk ratio on Head injury 

Regression of Log risk ratio on Diabetes duration 

Diabetes duration (years)

Stroke prevalence (%) Head injury prevalence (%)

Hypertension prevalence (%) Smokers prevalence (%)

Age (years) Male gender prevalence (%)
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Supplementary FIGURE 1. Bubble-plot for meta-regression. Meta-regression analysis showed that the association between 
thiazolidinedione (TZD) use and incidence of Parkinson’s Disease (PD) was not affected by age (A), gender (B), hypertension 

(C), smokers (D), stroke (E), head injury (F), nor diabetes duration (G)
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by age (p = 0.3380) (Supplementary Figure 1A), gen-
der (p = 0.9761) (Supplementary Figure 1B), hyper-
tension (p = 0.1849) (Supplementary Figure 1C), 
smokers (p = 0.1476) (Supplementary Figure 1D), 
stroke (p = 0.4810) (Supplementary Figure 1E), head 
injury (p = 0.5025) (Supplementary Figure 1F), nor 
diabetes duration (p = 0.2533) (Supplementary Fig-
ure 1G).

Publication bias
We used Funnel plot analysis for the publication 

bias assessment. The resulting plot was fairly sym-
metrical when inverted for the incidence of Parkin-
son’s Disease (refer to Figure 3), suggesting an ab-
sence of publication bias.

FIGURE 3. Relatively symmetrical inverted plot for the association between thiazolidinedione (TZD) use and risk of 
Parkinson’s Disease (PD) which indicates no publication bias

DISCUSSION

Our meta-analysis from 12 observational studies 
has shown that the use of thiazolidinediones (TZD) as 
antidiabetic agents can reduce the risk of developing 
Parkinson’s Disease (PD) in patients with diabetes 
mellitus (DM). Further regression analysis also 
showed that this relationship was generated inde-
pendently and was not significantly influenced by 
other factors such as age, gender, hypertension, 
smokers, stroke, head injury, or diabetes duration.

Several hypotheses might explain why the use of 
TZD can reduce the risk of PD. One of the processes 
that underlie the occurrence of Parkinson’s Disease 
(PD) is the presence of nerve damage mediated by 
microglia activation [26,27]. Thiazolidinediones 

(TZD) may counter this mechanism by reducing as-
trogliosis and microglia activation [28]. Pioglitazone, 
one of the drugs which belong to TZD, can reduce the 
induction of cyclooxygenase-2 (COX-2), reduce the 
production of inducible nitric oxide (iNOS), and re-
duce phosphorylation of Jun N-terminal kinase (JNK) 
and p38 mitogen-activated protein kinase (MAPK) so 
that the process of neuroinflammation in microglia 
can be inhibited [28-30]. Pioglitazone is also capable 
of inhibiting nuclear phosphorylation and transloca-
tion of the p65 subunit of nuclear factor-κB (NF-κB) 
where activation of NF-κB itself contributes to the 
neurodegeneration seen in PD [28-30]. Two other 
drugs from the TZD class, namely rosiglitazone and 
troglitazone, are also able to produce neuroprotec-

tive effects on neurons and glia through inhibition of 
LPS-induced expression of tumor necrosis factor-α 
(TNF-α), interleukin-6 (IL-6), iNOS, and COX- 2 so that 
neuro-inflammatory processes can be reduced 
[28,31]. In addition to the anti-inflammatory effects 
on microglia, TZD is also able to produce anti-oxidant 
and anti-apoptotic effects on neurons which also play 
a significant role in the pathogenesis of PD [28]. TZD 
is able to induce the activity of the anti-oxidative en-
zyme superoxide dismutase (SOD) and catalase 
thereby protecting nerve cells from N-methyl-4-phe-
nylpyridinium (MPP+)-induced cell death [28,32]. 
TZD is also able to increase the expression of anti-ap-
optotic BCL2 and reduce activation of Caspase-3 and 
BAX expression thereby preventing apoptosis of 
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nerve cells [33]. All of these mechanisms may explain 
the neuroprotective effect of TZD in preventing the 
incidence of PD.

The results of this study are in line with the previ-
ous meta-analysis by Hussain S et al. [34]. which also 
showed that the use of thiazolidinediones (TZD) can 
reduce the risk of Parkinson’s Disease (PD) in patients 
with diabetes. However, there are some significant 
differences between our current study with the pre-
vious study. The study by Hussain S et al. [34] only 
included a total of 5 studies with only 4 studies in-
cluded in the final analysis, whereas in our study, 
there were a total of 12 studies (a 3-fold increase from 
the previous study) that were included in the final 
analysis, resulting in more solid evidence. Apart from 
that, in our current study, there is also an additional 
meta-regression analysis to identify several factors 
that could confound the relationship between TZD 
use and the risk of PD, something that was lacking in 
the previous study [34]. From the results of our re-
gression analysis, it was found that the relationship 
between the use of TZD and reduced risk of PD was 
generated independently which was not significantly 
influenced by confounding factors such as age, gen-
der, hypertension, smokers, stroke, head injury, or 
diabetes duration.

Our research still has some limitations. First, the 
evidence generated from our research only comes 
from observational studies which are very likely to 
be influenced by confounding factors as well as some 
biases, such as recall bias and information bias. In 
order to reduce the influence of confounding varia-
bles , a meta-regression analysis was performed. Ad-
ditionally, there’s notable variation in the study’s out-
come of interest, likely arising from varied follow-up 
times across studies and diverse baseline character-

istics of the studies’  participants, such as the dura-
tion of diabetes and the period of TZD usage.

However, we believe that the results of our re-
search can still have implications for clinical prac-
tice.

CONCLUSION

Our systematic review and meta-analysis showed 
that the use of thiazolidinediones (TZD) in patients 
with diabetes mellitus (DM) has a potential neuro-
protective effect, potentially lowering the risk of Par-
kinson’s Disease (PD). This advantageous impact of 
TZDs appears to be consistent regardless of patient 
characteristics like age, gender, or comorbid issues. 
Nonetheless, appropriate, and well-designed rand-
omized clinical trials (RCTs) are still needed to vali-
date the results of our study.
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