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Abstract

Background: Pioglitazone may be beneficial in the treatment of psoriasis. However, based on the effectiveness and sa&
considerations, it has not been widely used. To fully evaluate the strength of evidence supporting psoriasis treatment with
pioglitazone, we conducted a meta-analysis of existing published studies.

Methods: PubMed, Ovid, Cochrane Library, Google Scholar, and Web of Science databases were systematically searched before
February 2019. Randomized controlled trials (RCTs) of pioglitazone administration compared with placebo, administered to
patients with psoriasis for at least 10 weeks, and published in English were included. Quality of the included RCTs was identified by
the modified Jadad scale. The quality of evidence for each outcome was evaluated using the GRADEpro Guideline Development
Tool online software. Primary outcomes were proportion of patients showing psoriasis area and severity index (PASI) score
improvement (>75%) and the mean percent change in PASI score from baseline to the end of treatment. Dichotomous data were
analyzed using odds ratios (ORs) corresponding to the 95% confidence interval (CI), whereas continuous variables, expressed as
mean and standard deviation, were analyzed using the mean differences (MD) with the 95% CI.

Results: Six RCTs were analyzed. Meta-analysis showed that pioglitazone reduced the PASI scores in patients with psoriasis
compared with the control group when administered at 30 mg per day (P < 0.001, MD =-3.82, 95% CI=-5.70,-1.93) and at 15
mg per day (P=0.04, MD =-3.53, 95% CI=-6.86,—0.20). The PASI-75 of the pioglitazone group was significantly higher than
that of the control group at 30 mg per day (P < 0.001, OR =8.30, 95% CI=3.99, 17.27) and at 15 mg per day (P=0.03,
OR =2.96,95% CI=1.08, 8.06). No statistically significant differences in total adverse events were observed between the groups.
There were no significant differences in common adverse reactions such as weight gain and elevated liver enzymes between the two
pioglitazone groups.

Conclusions: Use of pioglitazone in the current treatment of psoriasis is beneficial. The therapeutic effect of the daily 30 mg dose may
be greater than that of the 15 mg dose per day with no significant change in the frequency of adverse reactions.
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Introduction systemic dlseases, seriously affecting the quality of life of
the patients.!® Traditional psoriasis treatments include
methotrexate, acitretin, cyclosporine, and photochemo-
therapy, but there are risks of liver and kidney toxicity,
carcinogenesis, and teratogenesis with long-term use,
which limits their clinical application.

Psoriasis is a clinically common chronic inflammatory skin
disease characterized by erythematous scales and affectmg
2% to 4% of the global population.!'! Its pathogenesis is
still unclear, and it is generally believed to be the result of a
combination of genetic and environmental factors, that is,
a genetic propensity to immune dysfunction in the presence
of a variety of factors such as infections, drugs, diet, and
metabolic disorders. 2! The combined effects of these
factors ultimately lead to hyperproliferation of skin
keratinocytes, abnormal apoptosis, and abnormal regen-
eration of dermal endothelial cells in the dermal papillae,
resulting in the characteristic lesions of psoriasis. Psoriasis
often recurs and can lead to an increased risk of other

Thiazolidinediones (TZDs) are anti-diabetic drugs that can
activate nuclear peroxisome proliferator-activated recep-
tor (PPAR)-y agonists, thereby improving the body’s
sen51t1V1ty to insulin and reducing hepatic gluconeogene-
sis.l”l Currently, TZDs are mainly used in the clinical
treatment of type 2 diabetes. PPARs are expressed in many
cell types and are expressed primarily in epidermal
keratinocytes of the skin. Activation of these receptors
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can inhibit the 8?roliferation of keratinocytes in patients
with psoriasis.®! TZDs also have anti-cell proliferation
and anti-inflammatory effects.!”'°! Therefore, they may
have potential therapeutic effects on psoriasis.

In 2012, Malhorta et all'"! reviewed TZDs and psoriasis.
They concluded that pioglitazone appeared to show
effectiveness in the treatment of psoriasis. However, only
two studies were reviewed in their paper, which provided
insufficient evidence for the drug in the treatment of
psoriasis. At present, a number of clinical randomized
controlled trials (RCTs) have focused on the effectiveness
and safety of pioglitazone in psoriasis treatment. To
provide further evidence in the treatment of psoriasis with
pioglitazone, we conducted a meta-analysis of the existing
published studies.

Methods

Literature search

Databases of the Cochrane Library, PubMed, Ovid,
Google Scholar, and Web of Science were systematically
searched. These computer searches were limited to articles
published in English before February 2019, excluding
editorials and reviews. The following keywords were used
for the search: “pioglitazone” OR “thiazolidinedione” OR
“TZD” AND “psoriasis.” Additional published data that
met our inclusion criteria were identified by reviewing the
bibliographical references listed in the retrieved articles.

We included studies that met the following criteria: (1) all
RCTs of pioglitazone administered to patients with psoriasis
for at least 10 weeks; (2) trials in which local anti-psoriatic
treatment or systemic treatment including methotrexate and
acitretin were included; and (3) studies that presented data
as the mean percent change in the psoriasis area and severity
index (PASI) score'?! from baseline to the end of the
treatment and/or data on the proportion of patients showing
PASI score improvement (>75%).

Studies were excluded from the analysis if (1) they were
non-published studies or publications that lacked original
data for the meta-analysis; and (2) they contained
duplicate data.

This meta-analysis was performed in accordance with the
preferred reporting items for systematic reviews and meta-
analyses guidelines. The protocol for the meta-analysis is
available in the international prospective register of
systematic reviews (PROSPERO) with the registration
number CRD 42018106413.

Data extraction

The data were independently extracted from all the
included studies by two authors (Zhang JZ and Ding
Y). Disagreement was resolved by consensus. If consensus
could not be reached, the results were reviewed by a third
author (Kang XJ). The extracted data included the
following items: first author, publication year, psoriasis
typing, study area, sample size, age of patients, PASI-735,
treatment strategy, and the modified Jadad score.
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Assessment of the quality of identified studies

The Cochrane Collaboration tool was used for assessing
risk of bias."¥! The quality of the included RCTs was
identified using the modified Jadad scale, which included
the following domains: randomization, blinding, and
patient attrition.!'* The modified Jadad scale scores range
from 0 to 7. Studies with a score equal to or higher than 4
were considered to be of high quality. Two investigators
(Yu SR and Ding Y) independently assessed the risk of bias
and the quality of the included studies, and the results were
reviewed by a third investigator (Xiang F). Disagreement
was resolved by consensus.

Statistical analysis

The reduction in disease severity was assessed based on
changes in lesion reduction. The PASI score was used in
clinical trials to measure the outcome of psoriasis
treatment. The PASI measures the redness, thickness,
scaling of the lesion and the involved area, with a total
score ranging from 0 to 72. PASI-75 has been adopted as a
standard treatment goal by a European expert consensus
group,!"*! which refers to a 75% reduction in PASI and is
considered as successful treatment of psoriasis.

The outcome measures were both dichotomous (PASI-75) and
continuous (change in PASI score) between the pioglitazone
groups and the control groups. Dichotomous data were
analyzed using odds ratios (ORs) corresponding to the 95%
confidence interval (CI), whereas continuous variables, which
were expressed as the mean + standard deviation, were
analyzed using the mean differences (MD) with the 95% CL
Heterogeneity between studies was assessed by the I? statistic
and P < 0.10, and I2 > 50% indicated evidence of heteroge-
neity.'®!'”) If heterogeneity existed among the studies, the
random-effects model was used.''® Otherwise, the fixed-
effects model was adopted.!'”! Sensitivity analyses were
performed by the single exclusion of one study to assess the
heterogeneity and robustness of the pooled results. Publica-
tion bias was directly judged by the funnel plot. The difference
was statistically significant at P < 0.05. Analyses were
performed using RevMan 5.33 (Cochrane Collaboration,
The Nordic Cochrane Centre, Copenhagen, Denmark).

Evidence quality evaluation

The quality of evidence for each outcome was evaluated
using the GRADEpro Guideline Development Tool online
software (GRADEpro GDT), which evaluates using five
primary domains (risk of bias, inconsistency, indirectness,
imprecision, and other considerations) and is divided into
four levels (high, moderate, low, and very low).

Results

A total of 193 articles were retrieved. After duplicates were
removed, 117 full-text studies were evaluated. With further
screening, six clinical studies were eventually included in the
final meta-analysis.”°%* In four studies,?°-*>%*! the dose of
pioglitazone in the pioglitazone group was 30 mg per day. In
one study,**! the dose of pioglitazone was 15 mg per day. In
another study,¥ the dose of pioglitazone was either 15 mg
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PubMed (n=44)

Ovid (n=105)

Google Scholar (n=10)
Cochrane Library (n=23)
Web of Science (n=11)

4

Records retrieved for more detailed

evaluation after duplicates removal (n=117)

Records excluded (n=109):
Considered not relevant based on

A 4

Potentially appropriate records to be
full-text reviewed (n=8)

A4

abstract and title (»=81)
Review or meta analysis (n=28)

Full-text articles excluded with reasons:
Not randomized controlled trials

A

Records included in meta-analysis (#=6)

Figure 1: Flow diagram of the study identification.

"l (=2)

Table 1: Characteristics of included six randomized controlled trials of pioglitazone administration compared with placebo.

Sample size Age (years) PASI-75 Treatment strategy

First Psoriasis ~ Study Modified

author Years  typing area  Pioglitazone Control Pioglitazone Control Pioglitazone Control Pioglitazone Control Jadad scale

Ghiasi et al 2019 Plaque  Iran 30 30 42.8+15.0 44.0x16.9 24 12 30 mg/day, 10 weeks, Placebo, 5
NB-UVB NB-UVB

Hafez et al 2015 PV Egypt 24 24 39.6+13.9 44.5+12.8 5 1 30 mg/day, 10 weeks  Placebo 6

Lajevardi 2015 Plaque  Iran 22 22 36.2+12.8 42.5+16.1 4 30 mg/day, 16 weeks, Placebo, S

et al MTX MTX

Mittal et al 2009 Plaque  India 19 22 42.2+10.6 38.1+11.5 8 N 15 mg/day,12 weeks,  Placebo, 5
Acitretin Acitretin

Shafiq et al (a) 2005 Plaque  India 21 25 332+11.2 34.6+10.3 7 3 15 mg/day, 10 weeks  Placebo 5

Shafiq et al (b) 2005 Plaque  India 24 25 36.9+11.9 34.6+10.3 9 3 30 mg/day, 10 weeks  Placebo 5

Singh et al 2016 N/A India 16 23 44.0+12.9 46.9+10.4 13 1 30 mg/day, 12 weeks  Placebo 4

PASI: Psoriasis area and severity index; N/A: Not applicable; PV: Psoriasis vulgaris; NB-UVB: Narrow bound ultra violet B light; MTX: Methotrexate.

or 30 mg per day. The observation time of the studies ranged
from 10 to 16 weeks. Figure 1 shows the process of literature
retrieval. Table 1 shows the studies identified and their main
characteristics. Regarding the quality of the included studies
in our meta-analysis, the modified Jadad scale scores of the
studies were >4 (high quality).

Risk bias assessment of included studies

All the six eligible studies were randomized trials and almost
all were double-blind.?**123251 Three of the studies
specified the method of randomization,?"***%) while two
included a description of the blinding method.*"*3!Figure 2
shows the risk bias assessment of the studies.

Effectiveness of pioglitazone

All pioglitazone treatments significantly reduced the PASI
score from baseline to the end of the treatment.?°2°! There
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was significant heterogeneity among the studies and in the
different sub-groups; therefore, the data were combined
using random-effects models. Meta-analysis showed that
pioglitazone could reduce the PASI score in patients with
psoriasis when compared with the control group in both
the 30 mg group (P <0.001, MD=-3.82, 95% CI=-
5.70,-1.93) and the 15 mg group (P =0.04, MD =-3.53,
95% Cl=-6.86, -0.20). There was no statistically
significant difference between the two pioglitazone sub-
groups (P=0.89, ’=0) [Figure 3].

Five studies?®*>*%! provided PASI-75 of pioglitazone for
psoriasis. The PASI-75 data of Shafiq et al'**! were
obtained from other studies.*® We performed sub-group
analysis according to the different doses of pioglitazone.
There was no significant heterogeneity among the studies
and the different sub-groups; therefore, the data were
combined using a fixed-effects model. Meta-analysis
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (perfarmance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
I } + } {
0% 25% 50% 75% 100%
- Low risk of bias D Unclear risk of bias . High risk of bias
Figure 2: Risk of bias graph (authors’ judgment about each risk of bias item presented as percentages across all included studies).
Expefimem Control Mean Dm’erence Mean Difference
al D e Random, 95%
B 1 Ploglnazone 30mg
Ghiasi et al. 191 84 30 -176 45 30 90% -1.50[-4.91,1.91] S
Hafez et al. -98 24 24 -41 06 24 16.8% -5.70[-6.69,-4.71] e
Lajevardi et al. -1317 4.08 22 -1089 1.79 22 139% -2.28[4.14,-0.42) _rn
Shafiq et al.(a) -111 64 el -4.6 1 25 109% -6.50[9.27,-3.73] ——
Singh et al. -44 212 16 -1.7 15 23 161% -270[3.91,-1.49) R
Subtotal (95% CI) 113 124 66.6% -3.82[-5.70,-1.93] g
Heterogeneity: Tau®= 3.50; Chi*= 23.92, df= 4 (P < 0.0001); F= 83%
Test for overall effect: Z= 3.98 (P < 0.0001)
1.1.2 Pioglitazone 15 mg
Mittal et al. 115 1 19 97 27 22 16.1% -1.80[-3.01,-0.59] ——
Shafig et al.(b) -98 17 24 -48 1 25 17.3% -520[5.99,-4.41] -
Subtotal (95% CI) 43 47 334% -3.53[.6.86,-0.20] =g
Heterogeneity. Tau®= 5,51, Chi*= 21.23, df= 1 (P < 0.00001), F= 95%
Test for overall effect: Z= 2.08 (P = 0.04)
Total (95% CI) 156 171 100.0% -3.74 [-5.17,-2.30] -
Heterogeneity: Tau™= 2.84; Chi*= 45.15, df= 6 (P < 0.00001); F= 87% 0 * o : s
Test for overall effect. Z=5.11 (P < 0.00001)
Testfor subaroun differences: Chi*= 0.02. df=1 (P = 0.89). F= 0% FAVS Bon. Fomns s

Figure 3: Forest plot of change in PASI score in the pioglitazone trials compared to placebo (sub-group: 30 or 15 mg per day). PASI: Psoriasis area and severity index.

showed that the treatment efficiency of the pioglitazone
group was significantly higher than that of the control
group at 30mg per day (P<0.001, OR=8.30, 95%
CI=3.99, 17.27) and at 15mg per day (P=0.03,
OR =2.96, 95% CI=1.08, 8.06). There was no statisti-
cally 51gn1ﬁcant difference between the two pioglitazone
sub-groups (P =0.10, I = 62.3%). The results are shown
in Figure 4.

Safety of pioglitazone

In a safety study of pioglitazone, two studies compared the
total adverse events in the pioglitazone group and the
control group. No statistically significant differences in
adverse events were found between the 30 mg group
(P=0.54, OR =1.46, 95% CI=0.44, 4.88) or the 15 mg
group (P=0.44, OR=1.75, 95% CI—O 42, 7.25) when

compared with the control group. Except for one study'**!
that reported a myocardial infarction in the control group,
no serious adverse events, including hypoglycemia events,
were reported in the other studies. In addition, there were
no significant differences in the occurrence of common
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adverse events, including weight gain and elevated liver
enzymes between the pioglitazone group and the control
group. We also performed sub ) group analyses based on
different doses. Four studies!*>?*! reported weight gain
after treatment. However, this finding was not statistically
significant (P =0.25, OR =2.03, 95% CI=0.61, 6.77 for
the 30 mg group and P=0. 78, OR=1. 20,95% Cl=0. 32,
4.45 for the 15 mg group). Three studies!222425] reported
elevated liver enzymes after treatment. This was also not
statistically significant for the 30 mg group (P=0.32,
OR =3.20, 95% CI=0.32, 31.87) and the 15 mg group
(P=0.43, OR=3.73, 95% CI=0.14, 96.53).

Sensitivity analysis and publication bias

Sensitivity analysis was performed on both the effective-
ness and safety endpoints. The results showed that the

combined effects Jyere not affected by a single study except
that Shafiq ez al'**' had an undue influence on the summary
ORs of PASI-75 in the 15 mg group. After exclusion of this
study, the P-value of the daily oral 15 mg pioglitazone
treatment group became statistically insignificant
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Experiment Control Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H, Fixed, 95% Cl M_.H, Fixed, 95% CI
1.3.1 Pioglitazone 30 mg
Ghiasi 2018 24 30 12 30 238% 6.00[1.89,19.04] ———
Hafez 2015 5 24 1 24 78% 6.05 [0.65, 56.37) =
Lajevardi 2015 4 22 0 22  40% 10.95][0.55, 216.75)
Shafig(b) 2005 9 24 3 25 18.2% 4.40[1.02,18.99] [t
Singh 2016 13 16 1 23 1.5% 95.33(8.96,1014.48) —r
Subtotal (95% CI) 116 124 55.3% 8.30 [3.99, 17.27] <
Total events 55 17
Heterogeneity. Chi*=5.23, df= 4 (P = 0.26), F= 24%
Test for overall effect Z= 5.66 (P < 0.00001)
1.3.2 Pioglitazone 15 mg
Mittal 2009 8 19 5 22 266% 2.47 [0.64,9.54) - -
Shafig(a) 2005 7 21 3 25 181% 367 [0.81,16.59] TR
Subtotal (95% CI) 40 47 M47% 2,96 [1.08, 8.06] <
Total events 15 8
Heterogeneity: Chi*=0.15, df=1 (P=0.70), F= 0%
Test for overall effect Z=212(F=0.03)
Total (95% CI) 156 171 100.0% 5.91[3.31, 10.56] -
Total events 70 25
Heterogeneity: Chi*= 7.62, df= 6 (P = 0.27); F= 21% 5 0%05 u=1 1%0 250

Testfor overall effect Z=6.01 (P < 0.00001)

Favours [case] Favours [control]

Test for subaroup differences: Chi*= 2.65. df=1 P=010. F=62.3%
Figure 4: Forest plot of PASI-75 in the pioglitazone trials compared to placebo (sub-group: 30 or 15 mg per day). PASI: Psoriasis area and severity index.

(P=0.13). In terms of publication bias, the funnel plots of
the change in PASI score and PASI-7S$ in the pioglitazone
trials compared to placebo showed a significant asymme-
try, which indicated an obvious publication bias. We did
not conduct a publication bias test for studies with small
sample sizes.

Evidence quality evaluation

We used the GRADEpro GDT to evaluate the quality of
evidence for the following primary outcomes: change in
PASI score, PASI-75, elevated liver enzymes, weight gain,
and total adverse events. The results suggested that the
quality of the evidence in the PASI-75 and elevated liver
enzymes were high, while the quality of the evidence for the
change in PASI score, weight gain, and total adverse events
was intermediate [Table 2].

Discussion

Psoriasis is a clinically common dermatological disease, the
symptoms and related complications of which seriously
affect the quality of life in patients.?”>?8! The treatment of
psoriasis has also been a hot spot for psoriasis patients and
dermatologists. For patients with moderate or severe
psoriasis, systematic treatment should be provided. The
commonly used drugs are cyclosporine, methotrexate,
acitretin, Tripterygium wilfordii polyglycoside tablets,
apremilast, and various biological agents.*?3?! The
prevalence of diabetes mellitus is increasing in patients
with psoriasis®>*?°! and insulin resistance plays a role in
the pathogenesis of psoriasis.*®"

It has been reported that the use of hypoglycemic drugs,
such as dipeptidyl peptidase-4 inhibitors, biguanides,

TZDs, and glucagon-like peptide-1 receptor agonists,
can improve the symptoms of psoriasis.°”**! Chang
et al*® analyzed the effect of pioglitazone in the treatment
of plaque psoriasis. However, they did not evaluate the
efficacy and safety of the drug at different doses. In this
study, the data of six randomized controlled trials were
summarized by meta-analysis. The results showed that
pioglitazone can significantly reduce the PASI score of
patients with psoriasis and improve the treatment
effectiveness. In terms of drug safety in patients with
psoriasis, there were no significant adverse events.

We performed a sub-group analysis of different doses of
pioglitazone in this study and found that the percentage
reduction in the mean PASI score for the 30 mg group was
higher than that of the 15 mg group. This translates to a
dose-dependent improvement in psoriasis. Shafiq et all**!
conducted an RCT in 2005 in which patients were divided
into the three following groups: a placebo, 15 mg per day
pioglitazone, and 30mg per day pioglitazone. The
percentage reduction in the mean PASI scores for the
placebo, and pioglitazone 15 mg and 30 mg groups were
21.6%,41.1%, and 47.5%, respectively. This is consistent
with our findings.

TZDs were originally used in patients with type 2 diabetes
in the late 1990s. These drugs are ligands for PPARs, which
are ligand-activated receptors in the nuclear hormone
receptor family and expressed in many cell types. PPARs
are also present in the skin, mainly in the sebaceous glands,
epidermis, inner root sheath, and fat cells. There are three
sub-types that control many intracellular metabolic
processes. Vitamin D3, retinoic acid, thyroid hormone
receptors, and steroids are also members of this superfam-
ily.[**l" Anti-psoriatic drugs, including acitretin, calcipo-
triol, and corticosteroids, act through these receptors. To a
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certain extent, this explains the therapeutic effects of TZDs
on psoriasis.

TZDs such as pioglitazone can inhibit excessive prolifera-
tion of skin keratinocytes, increase expression of differen-
tiation markers such as epithelin and intermediate
filament-associated protems and thus promote differenti-
ation of keratinocytes.**! In patients with psoriasis,
pioglitazone can reduce the infiltration of inflammatory
cells into the skin and reduce the expression of
inflammatory factors, such as interleukin 2 and C-reactive
protein, and thus exert an inhibitory effect on the local
immune inflammatory response.[**! In addition, TZDS can
also inhibit the formation of new blood vessels.*®] The
beneficial effect of pioglitazone seen in the treatment of
psoriasis may be exerted via the above pathophysiological
mechanisms.

Previous studies have confirmed that pioglitazone has
better overall safety in the treatment of patients with
diabetes. It does not increase the risk of cardiovascular
events, though ros 7ghtazone which is also a TZD may
increase this risk.**8! A review by Lee er al'*®! suggests
that pioglitazone may even reduce the risk of myocardial
infarction and stroke. Another TZD, troglitazone, was
removed from the market due to severe liver toxicity.!>"!
However, this study did not find any serious adverse events
associated with pioglitazone, and the drug did not increase
the incidence of common adverse events, indicating that
the drug is safe for patients with psoriasis.

The study had some limitations. There was significant
heterogeneity in the pooled analysis of reduced PASI scores,
which could not be explained in the sub-group analysis
based on different doses. The existence of clinical
heterogeneity may lead to a statistical heterogeneity of
results to some extent. The heterogeneity may be related to
the duration of medication, the differences in the combina-
tion therapy, accompanying diseases, subjects’ gender and
age, as well as other potential factors. Sub-group analyses
were limited due to the small sample size of some of the
included studies. Furthermore, most of the included studies
were short-lived and the long-term efficacy and safety of
pioglitazone on psoriasis could not be determined.

These results provide a reference for the application of
pioglitazone in patients with psoriasis, especially in psoriasis
patients with diabetes mellitus. Pioglitazone is an effective
and safe option in the treatment of patients with psoriasis.
The therapeutic response is dose-dependent. More large-
scale and long-term follow-up clinical trials are needed to
further confirm the findings of this study.

Conflicts of interest
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