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Abstract

Although oxidative stress plays a major role in psoriasis, the association between oxidative stress biomarker levels and psoriasis
in humans remains controversial. Relevant articles were retrieved by searching the following databases: PubMed, Web of
Science, and EMBASE, without any time limit (updated March 10th, 2019). The pooled weighted mean difference (WMD)
and 95% confidence interval (CI) for the total oxidant status (TOS), total antioxidant status (TAS), malondialdehyde (MDA), and
catalase (CAT) were calculated for each study. Heterogeneity test, publication bias analysis, and sensitivity analysis were
performed. A total of 28 case-control studies, containing a combined total of 2724 subjects (1485 psoriasis patients and 1239
healthy controls), were enrolled in this meta-analysis. The combined results showed a significant difference in the TAS levels
(WMD =-0.213 mmol/L, p <0.001, 95% CI=-0.216 to —0.165), TOS levels (WMD =2.196 umol/L, p <0.001, 95% CI =

1.667 to 2.726), MDA levels (WMD = 1.854 nmol/L, p <0.001, 95% CI =1.494 to 2.215), and CAT levels (WMD =—22.341
kU/L, p =0.008, 95% CI =—38.934 to — 5.748) between psoriasis patients and controls. Moreover, the combined results showed
a significant difference in the TAS, MDA, and CAT levels in patients with mild vs. moderate psoriasis and moderate vs. severe
psoriasis. TAS and CAT levels in psoriasis patients were significantly lower than in healthy controls, whereas the TOS and MDA
levels were significantly higher. Furthermore, the TAS, MDA, and CAT levels are associated with the severity of disease. These
results indicate that redox imbalances play a major role in the pathogenesis of psoriasis.
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Psoriasis is one of the most common chronic inflammatory

skin diseases, characterized by skin scaling and erythema, and
can severely impair the health and quality of life, affecting 3%
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psoriasis has been increasing among the population [2].
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Recently, the treatment for psoriasis has gone from the use
of non-selective drugs such as corticosteroids, methotrexate,
and acitretin, to more selective compounds such as cyclospor-
ine and highly selective biological therapies (interleukin-17
inhibitors, tumor necrosis factor-o« inhibitors) [3].
Furthermore, other small molecules such as A3 adenosine
receptor agonists, Janus kinase inhibitors, and phosphodies-
terase inhibitors are under investigation for their potential use
in treatments. Genetic, immunological, and metabolic mecha-
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nisms have been proposed to play a vital role in the onset/
development of psoriasis, but the etiology of psoriasis is still
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unknown [4]. However, recent studies have shown that oxi-
dative stress is central to the pathogenesis of psoriasis [5].

Redox imbalances are increasingly implicated in the patho-
genesis of psoriasis and manifest throughout the disease [5].
Many studies have shown a significant and abnormal rise in
the levels of oxidative stress biomarkers in psoriasis patients
[6]. However, the association between oxidative stress bio-
markers and psoriasis in humans remains controversial. For ex-
ample, Karababa et al. [7] reported that psoriasis patients had
higher total oxidant status (TOS) levels and lower total antioxi-
dant status (TAS) levels than control individuals. However,
Gavan et al. [8] found that psoriasis patients had higher TAS
levels than the control group. Similarly, Asha et al. [9] reported
that the level of malondialdehyde (MDA) was significantly
higher in patients with psoriasis than in normal subjects. No
significant differences between the patients and controls were
found in terms of MDA and TAS levels, as reported by Toker
[10]. Moreover, several studies have found abnormal levels of
TOS and catalase (CAT) in psoriasis patients compared with
controls, although this difference is limited [11, 12].

Therefore, we carried out a systematic review and meta-
analysis of all published case-control studies on this topic, to
collate evidence and provide a precise estimate of the relation-
ship between oxidative stress biomarkers and psoriasis
patients.

Materials and methods
Search strategy

To search relevant psoriasis studies that measured TAS, TOS,
MDA, and CAT levels, two independent reviewers (Youcan
Zhang, Zhen Mu) systematically searched PubMed, Web of
Science, and EMBASE database, without any time limit (up-
dated March 10th, 2019). The search terms included “psoria-
sis” “total antioxidant capacity OR total antioxidant status OR
total antioxidant response OR antioxidant potential” AND
“total oxidant capacity OR total oxidant status” AND
“malondialdehyde” AND “catalase.” Varying combinations
of the search terms were used for identifying the relevant
literature, and the search strategies were customized to suit
each database.

Study selection and data extraction

Study selection was carried out by two independent reviewers
(Youcan Zhang, Zhen Mu) according to the following inclu-
sion criteria: (1) case-control study, (2) random sampling or
cluster sampling, (3) laboratory assessment of TAS, TOS,
MDA, and CAT, (4) published in English, (5) full article
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access, (6) clear diagnostic criteria, (7) human subjects, and
(8) characteristics of participants. Articles that did not meet the
inclusion criteria were excluded. Full-text articles were eval-
uated for eligibility. For each study, the following data were
collected independently by the two reviewers (Youcan Zhang,
Zhen Mu): the first author’s name, country, publication year,
mean age, sample size, male vs. female sample size, TAS
concentration, TOS concentration, MDA concentration, and
CAT concentration. Any disagreement between the reviewers
was settled by a discussion.

Quality assessment

The quality assessments for the study were based on the
Newcastle—Ottawa Scale [13, 14]. The quality score for each
study was reviewed independently by two investigators
(Youcan Zhang, Zhen Mu), who evaluated the three categories
(8 items), i.e., selection, comparability, and exposure, for case-
control studies. The selection category contains four quality
items (4 scores), comparability contains one item (2 scores),
and exposure contains three items (3 scores). The quality score
of a study directly reflects how adequate its quality is
considered.

Statistical analysis

Comprehensive Meta-Analysis version 2.0 (Biostat,
Englewood Cliffs, NJ, USA; http://www.meta-analysis.com)
was used for the meta-analysis. The weighted mean
differences (WMDs) in TAS, TOS, MDA, and CAT levels
between psoriasis and control groups, and 95% confidence
intervals (CIs), were calculated for each study. The between-
study heterogeneity was tested with the y*-based Q statistic
and P statistic. A funnel plot analysis and Egger’s test were
performed to assess publication bias. Sensitivity analysis was
performed using the leave-one-out strategy. A p value <0.05
(two-tailed) was considered indicative of a statistically signif-
icant difference between groups.

Results
Characteristics of the included studies

The flow diagram of the article search process is presented in
Fig. 1. The initial search strategy identified 66 studies in
PubMed, 87 in Web of Science, and 54 in EMBASE.
Finally, 28 case-control studies [7—12, 15-36], containing a
combined total of 2724 subjects (1485 patients with psoriasis
and 1239 healthy controls), were used for the meta-analysis.
The main characteristics of the included studies are provided
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in Table 1. The quality scores of these studies ranged from 5 to
9, with a mean of 8.32. The detailed scoring results are pre-
sented in Table 2.

According to the type of oxidative stress biomarkers, the 28
studies were categorized into four groups. As some studies
discussed several types of oxidative stress biomarkers, they
were eligible for inclusion into more than one group. Thus,
according to the different types of oxidative stress biomarkers
considered (TAS/TOS/MDA/CAT), the following categoriza-
tions were identified:

(1) A total of 15 articles [7, 8, 1012, 15, 20, 21, 24, 25, 28,
32-35] reported the relationship between TAS levels and
psoriasis (722 cases and 563 controls) (Table 3),

(2) A total of 4 articles [7, 11, 22, 35] reported the relation-
ship between TOS levels and psoriasis (167 cases and
178 controls) (Table 3),

(3) Atotal of 14 articles [9, 10, 12, 1619, 27-29, 31, 32, 36]
reported the relationship between MDA levels and pso-
riasis (814 cases and 702 controls) (Table 3), and

(4) A total of 3 articles [12, 17, 32] reported the relationship
between CAT levels and psoriasis (245 cases and 150
controls) (Table 3).

Meta-analysis of the association of total antioxidant
status with psoriasis

The meta-analysis revealed a significant level of between-study
heterogeneity for TAS among the available studies (7 = 96.69%,
p<0.001). Random-effects modeling of the combined results
revealed a significant difference in the TAS levels between pso-
riasis patients and controls (WMD =—0.213 mmol/L, p <0.001,
95% CI=-0.216 to — 0.165, Fig. 2).

Meta-analysis of the association of total oxidant
status with psoriasis

The meta-analysis revealed a significant level of between-
study heterogeneity for TOS among the available studies
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Table 1 Characteristics of the included studies
First author Year Country  Psoriasis group Control group

Number  Male  Female  Age Number  Male  Female  Age
M Hashemi 2010  Iran 40 24 16 30.6 46 29 17 343
Nemati Houshang 2014  Iran 100 55 45 35.7+10 100 55 45 357+13
Marta Wacewicz 2017  Poland 60 30 30 41.23+12.46 58 17 41 40.12+13.80
Petronila Rocha-Pereira 2001 Portugal 48 30 18 47+12 40 22 18 47+13
Kumari Asha 2017  India 150 95 55 39.56+11.86 150 95 55 37.50+12.55
Medha Rajappa 2016  India 60 50 10 41.97+13.40 60 49 11 43.75+11.14
Ufuk Sezer 2016  Turkey 120 64 56 42.68+11.57 40 20 20 44.45+10.85
Norina Gavan 1997  USA 7 7 48.7+5.7 6 6 46.3+3.2
Birgiil Vanizor Kural 2003  Turkey 35 17 18 34.8 35 19 16 36.2
Fatih Karababa 2013 Turkey 39 17 22 28+7 25 10 15 28+7
Vijaykumar M. Pujari 2010  India 90 90
Hacer Altin Siiriicii 2015  Turkey 40 22 18 37.90+10.75 47 23 24 36.60+8.29
Susana Coimbra 2010  Portugal 34 16 18 43+15 37 21 16 47+15
Sami A. Gabr 2012 Egypt 55 35 20 29+13.6 20 12 8 23+1.5
Dipali P. Kadam 2010  India 90 30
Aysun Toker 2009  Turkey 30 12 18 30.4+10.6 23 11 12 29.5+7.1
Sirje Kaur 2013  Estonia 60 42 18 432+124 47 33 14 40.7+10.2
K.H. Basavaraj 2013 India 30 10
S. Emre 2012 Turkey 28 16 12 39.89+£11.07 46 26 20 35.11+10.58
Serap Utas 2002 Turkey 20 12 8 35.15+12.12 15 8 7 40.13+12.38
I~brahim Ko'ke,am 1999  Turkey 34 20 14 34 20 14
Vineet Relhan 2002  India 40 34 6 40 35 5
A. S, ikar Aktu” rk 2012 Turkey 23 11 12 42.8+16.5 23 11 12 42.2+15.9
Kiymet Baz 2003 Turkey 35 13 22 42.54+13.7 24 10 14 44 +13.04
M. Asefi 2012 Iran 100 43 57 353+109 100 44 56 357+13.2
E. Attwa 2011 Egypt 25 16 9 42.54+13.69 31 14 17 43.00+13.04
M Yildirim 2003  Turkey 22 10 12 33 22 10 12 37
P.ROCHA-PEREIRA 2004  Portugal 70 40 30 459+12.2 40 22 18 474+133

(P =91.08%, p<0.001). Random-effects modeling of the
combined results revealed a significant difference in the
TOS levels between psoriasis patients and controls
(WMD =2.196 umol/L, p <0.001, 95% CI=1.667 to 2.726,
Fig. 2).

Meta-analysis of the association of malondialdehyde
with psoriasis

The meta-analysis revealed a significant level of between-
study heterogeneity for MDA among the available studies
(P =98.20%, p <0.001). Random-effects modeling of the
combined results revealed a significant difference in the
MDA levels between psoriasis patients and controls
(WMD =1.854 nmol/L, p <0.001, 95% CI=1.494 to 2.215,
Fig. 2).
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Meta-analysis of the association of catalase
with psoriasis

The meta-analysis revealed a significant level of between-
study heterogeneity for CAT among the available studies
(P =78.17%, p=0.010). Random-effects modeling of the
combined results revealed a significant difference in the
CAT levels between psoriasis patients and controls
(WMD =-22.341 kU/L, p=0.008, 95% CI=-38.934 to —
5.748, Fig. 2).

Meta-analysis of the association of total antioxidant
status, malondialdehyde, and catalase with severity
of psoriasis

The meta-analysis revealed a significant level of between-
study heterogeneity for TAS, MDA, and CAT among the
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Table 2 Newcastle-Ottawa Scale

(NOS) quality assessment table Study

Selection

Comparability Outcome Overall Star Rating

M Hashemi

Nemati Houshang
Marta Wacewicz
Petronila Rocha-Pereira
Kumari Asha

Medha Rajappa

Ufuk Sezer

Norina Gavan

Birgiil Vanizor Kural
Fatih Karababa
Vijaykumar M. Pujari
Hacer Altin Siiriicii
Susana Coimbra
Sami A. Gabr

Dipali P. Kadam
Aysun Toker

Sirje Kaur

K.H. Basavaraj

S. Emre

Serap Utas

I~brahim Kokc ,am
Vineet Relhan

A. S, ikar Aktu” rk
Kiymet Baz

M. Asefi

E. Attwa

M Yildirim
P.ROCHA-PEREIRA

B L = T T Y S T S S S O R S L 2 S S S R N

(NS SR S I S S S (ST SR S R N R (S R NS R NS R (S R U S I T SO R O R \S T SO R (S I ST V)
W W W W W N W W W W N W W W W W W W W W W W WwWw Ww w Ww
O© O O O OV AN 9 O VO O L O O L OO O N O N O O O O O O

available studies (TAS [mild vs. moderate P =98.04%,
p<0.001; moderate vs. severe I* =99.84%, p <0.001];
MDA [mild vs. moderate P = 90.07%, p <0.001; moderate
vs. severe I> =96.32%, p<0.001]; CAT [mild vs. moderate
P = 95.34%, p <0.001; moderate vs. severe P = 89.02%,
p<0.001]). Random-effects modeling of the combined results
revealed a significant difference in the TAS, MDA, and CAT
levels between the patients with mild vs. moderate psoriasis
and moderate vs. severe psoriasis (Fig. 3, Table 4).

Analysis of publication bias

Funnel plots and Egger’s test were used to analyze the publication
bias in our current meta-analysis. Only a slight asymmetry was
observed in the funnel plots, except for CAT (Fig. 4). Egger’s test
revealed no publication bias in our current meta-analysis (TAS ¢ =
0.59, p=0.57, 95% Cl=—2.66 to 4.65; TOS t=2.32, p=0.146,
95% Cl=—3.63 to 12.13; MDA t=0.86, p = 0.407, 95% Cl =—
3.92 10 9.02), except for CAT (= 115.72, p = 0.0055, 95% CI=—
9.79 to —7.85). In the mild, moderate, and severe subgroup

analysis, only a slight asymmetry was observed in the funnel plots
(Fig. 5). Egger’s test showed no publication bias in the meta-
analysis (TAS [mild vs. moderate #=0.87, p=0.47, 95% Cl=—
38.45 10 25.31; moderate vs. severe t = 0.41, p=0.72,95% Cl =—
146.66 to 121.01]; MDA [mild vs. moderate t=1.14, p=0.32,
95% Cl=—4.04 to 9.64; moderate vs. severe t=2.24, p=0.09,
95% CI=—1.58 to 14.73]; CAT [mild vs. moderate 1= 0.42, p =
0.74,95% CI =—82.61 to 88.31; moderate vs. severe t = 1.28, p =
0.42, 95% Cl=—14.23 to 11.62)).

Sensitivity analysis

For the meta-analysis of the association of TAS, TOS, MDA, and
CAT with psoriasis, sensitivity analysis was performed using the
leave-one-out strategy. The removal of any single study during the
sensitivity analysis of TAS, TOS, and MDA did not change the
overall statistical significance, suggesting that this meta-analysis
was relatively stable and credible (Table 5). However, two studies
affected the meta-analysis results in the context of the association
between CAT and psoriasis (Table 5).
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Table 3 Comparison of the level

of TAS, TOS, MDA, and CAT in ~ Study Psoriasis group Control group
psoriasis and control group
Mean SD Number Mean SD Number

TAS
Aysun Toker 1.94 1.21 30 2.03 1 23
Birgiil Vanizor Kural 1.52 0.18 35 1.62 0.22 35
Dipali P. Kadam 0.79 0.028 90 0.96 0.033 30
Fatih Karababa 1.03 0.19 39 1.19 0.26 25
Hacer Altin Siiriicti 1.09 0.13 40 1.18 0.2 47
K.H. Basavaraj 0.29 0.206 30 1.19 0.257 10
M Hashemi 0.685 0.177 40 0.775 0.187 46
Marta Wacewicz 1.892 0.395 60 1.853 0.323 58
Norina Gavan 2.25 0.22 7 1.9 0.11 6
P.ROCHA-PEREIRA 1.38 0.25 70 1.63 0.18 40
Petronila Rocha-Pereira 1.41 0.28 48 1.66 0.18 40
S. Emre 2.14 0.12 28 3.57 0.65 46
Sami A. Gabr 0.82 0.033 55 0.97 0.044 20
Sirje Kaur 1.28 0.19 60 1.54 0.26 47
Vijaykumar M. Pujari 1.49 0.019 90 1.73 0.016 90

TOS
Medha Rajappa 8.54 1.94 60 6.15 1.83 60
Fatih Karababa 26.92 7.82 39 17.75 6.85 25
Hacer Altin Siiriicti 12.05 2.66 40 10.89 1.49 47
S. Emre 24.52 4.7 28 12.42 13.09 46

MDA
A. Sikar Aktu” rk 433 1.2 23 2.03 1.28 23
Aysun Toker 9.5 35 30 9.47 5 23
Dipali P. Kadam 3.11 0.24 90 1.54 0.19 30
E. Attwa 4.78 0.51 25 34 0.96 31
I~brahim Kokc,am 1.47 0.36 34 1.39 0.26 34
Kiymet Baz 4.7 2.9 35 2.7 1.9 24
Kumari Asha 3.67 0.74 150 1.84 0.37 150
M Yildirim 13.9 2.8 22 13.2 32 22
M. Asefi 4.01 0.872 100 222 0.557 100
Nemati Houshang 17.6 3.7 100 10.1 24 100
Sami A. Gabr 4.24 0.57 55 1.32 0.5 20
Serap Utas 2.29 0.76 20 1.26 0.32 15
Vijaykumar M. Pujari 3.98 0.28 90 251 0.16 90
Vineet Relhan 3.85 0.21 40 2.7 0.17 40

CAT
Nemati Houshang 424 18.1 100 56.1 56.1 100
Sami A. Gabr 24.92 6.73 55 69.54 69.54 20
Dipali P. Kadam 42.02 392 90 55.44 55.44 30

Discussion

Although many studies in the literature have indicated
that oxidative stress is involved in the pathogenesis of
psoriasis [37], the association between oxidative stress
biomarkers and psoriasis in humans remains unclear. To
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the best of our knowledge, this study is the first sys-
tematic review and meta-analysis to evaluate the avail-
able evidence on the association of TAS, TOS, MDA,
and CAT levels in patients with psoriasis. The results
from our meta-analysis showed that the TAS and CAT
levels in psoriasis patients are significantly lower than
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Study name Statistics for each study Difference in means and 95% CI
Difference Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Aysun Toker -0.080 0.312 0.087 0701 0.521 -0.28% 0773 T
Birgu™ 1'Vanizor Kural -0.100 0.042 0.002 -0.184 -0.006  -2.081 0.037
Dipali P. Kadam -0.170 0.006 o000 -0182  -0.158  -27.514 0.000 .
Fatih Karababa -0.160 0.058 0.003 -0.270 -0.050 -2.842 0.004 L
Hacer Altin Sirici -0.080 0.037 0001 -0182 0018 -2.440 0.015
K.H. Basavaraj -0.900 0.080 0.008 -1.057 -0.743 -11.247 0.000 -
M Hashemi -0.080 0.038 0002  -0187  -0.012  -2275 0.023
Marta Wacewicz 0.03% 0.087 0004 -0.081 0.169 0.585 0.558
Merina Gavan 0.350 0.09% 0.010 0.155  0.545 3.522 0.000 -
P.ROCHA-PEREIRA -0.250 0.045 0.002 -0.338 -0.182  -555 0.000 [ ]
Petronila Rocha-Pereira -0.250 0.051 0.003 -0.351 -0.148 -4.858 0.000  J
5. Emre -1.430 0.124 0.015 1674 -1.185 -11.493  0.000 i
Sami A. Gabr -0.150 0.009 o000  -0.18%  -0.131  -15.875 0.000 .
Sirje Kaur -0.260 0.044 0.002 -0.345 -0.175  -5.875 0.000 |
Vijaykumar M. Pujari -0.240 0.003 0.000 -0.245 -0.235 -91.662 0.000 .
-0.213 0.024 o001 -0.261 -0.185 -8.732 0.000 ‘
TAS -2.00 -1.00 0.00 1.00 2.00
Study name Statistics for each study Difference in means and 95% CI ,
Difference  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Medha Rajappa 2.390 0.344 0.119 1715 3.065 6.942 0.000 .
Fatih Karababa 9.170 1.911 3.653 5.424 12916 4798 0.000 _—
Hacer Altln Sdrici 1.160 0.454 0.206 0271 2.049 2557 0.011
S.Emre 12.100 2.575 6.629 7.054 17.146 4700 0.000 -_—
2196 0.270 0.073 1.667 2726 8.136 0.000 ’
-24.00 -12.00 0.00 12.00 24.00
Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
A, Sikar Aktu” rk 2.300 0.366 0134 1583 3.017 6.287 0.000 =
Aysun Toker 0.030 1.168 1363 -2259 2319 0.026 0.980 —_—
Dipali P. Kadam 1.570 0.048 0.002 1475 1665 32559 0.000 [ ]
E. Attwa 1.380 0.213 0.045 0963 1797 6.480 0.000 [ ]
I~brahim Ko kcam 0.080 0.076 0.006 -0.069 0229 1.050 0.294 [ ]
Kiymet Baz 2.000 0.674 0.455 0.678 3322 2.966 0.003 —a—
Kumari Asha 1.830 0.068 0.005 1.698 1.962 27.090 0.000 [ ]
M Yildirim 0.700 0.907 0.822 -1.077 2477 0772 0.440 ——
M. Asefi 1.790 0.103 0.01 1587 1993 17.299 0.000 [ |
Nemati Houshang 7.500 0.441 0195 6.636 8.364 17.006 0.000 E
Sami A. Gabr 2.920 0.144 0.021 20637 3203 20235 0.000 [ |
Serap Utas 1.030 0.209 0.044 0619 1441 4918 0.000 [ |
Vijaykumar M. Pujari 1.470 0.034 0.001 1403 1537 43244 0.000 [ ]
Vineet Relhan 1.150 0.043 0.002 1.066 1.234 26919 0.000 | |
1.854 0.184 0.034 1494 2215 10.084 0.000 ’
M DA -12.00 -6.00 0.00 6.00 12.00
Study name Statistics for each study Difference in means and 95% Cl
Difference  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Nemati Houshang ~ -13.700 5805 34748 -25254 2146 2324  0.020 ——
Sami A. Gabr -44 620 9.386 88.100 -63.017 -26.223 -4754 0.000
Dipali P. Kadam -13.420 5.838 34.087 -24863 -1.977 -2299 0.022 —.—
-22.341 8.466 71674 -38.934 -5748 -2.639 0.008
-64.00 -32.00 0.00 32.00 64.00

Fig. 2 Forest plot of the random effects in meta-analysis, showing the association of total antioxidant status, total oxidant status, malondialdehyde, and
catalase levels with psoriasis
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Fig. 3 Forest plot of the random
effects in meta-analysis, showing
the association of total antioxidant
status, total oxidant status,
malondialdehyde, and catalase
levels with severity of psoriasis

in healthy controls, whereas TOS and MDA levels in
psoriasis patients are significantly higher than in healthy
controls. Moreover, the TAS, MDA, and CAT levels are

@ Springer

Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error  Variance  limit limit ZValue p-Value
Dipali P. Kadam 0.080 0.007 0.000 0.067 0.093 11.640 0.000 .
K.H. Basavaraj 0.020 0.062 0.004 -0.102 0.142 0.321 0.748
Sami A. Gabr 0.050 0.008 0.000 0.034 0.066 6.218 0.000
Vijaykumar M. Pujari 0.150 0.005 0.000 0.141 0159 33.076 0.000 .
0.084 0.020 0.001 0.026 0.143 2823 0.005 ’
. -1.00 -0.50 0.00 0.50 1.00
TAS (Mild vs. Moderate)
Study name_ Statistics for each stud _Difference in means and 95% CI_
Difference  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Dipali P. Kadam 0.060 0.006 0.000 0.048 0.072 9.479 0.000
K.H. Basavaraj 0.000 0.060 0.004 -0D118 0.118 0.000 1.000
Sami A. Gabr 0.110 0.008 0.000 0094 0126 13877 0.000 |
Vijaykumar M. Pujari 0.390 0.005 0.000 0379 0401 71603 0.000 .
0.219 0.004 0.000 0212 0226 59920 0.000 t
-1.00 -0.50 0.00 0.50 1.00
TAS (Moderate vs. Severe)
Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Dipali P. Kadam -1.270 0.062 0.004 -1.391 -1.149 -20.495 0.000
E. Attwa -0.780 0.067 0.005 -0.912 -0.648 -11.619 0.000
Kumari Asha -0.249 0.233 0.054 -0.705 0207 -1.069 0.285
Nemati Houshang -0.200 0.905 0819 -1974 1574 -0.221 0.825
Sami A Gabr -0.650 0.135 0.018 -0.914 -0.386 -4.819 0.000
Vijaykumar M. Pujari -0.840 0.067 0.005 -0.972 -0.708 -12.476 0.000
-0.791 0.136 0.019 -1.058 -0524 -5.802 0.000
MDA (Mild vs. Moderate) 4.00 2,00 0.00 2.00 4.00
Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Dipali P. Kadam -1.240 0.093 0.009 -1422 -1.058 -13.317 0.000 .
E. Attwa -2.010 0.058 0.003 -2123 -1897 -34814 0.000
Kumari Asha -0.294 0.248 0.061 -0780 0192 -1.186 0.236
Nemati Houshang -0.500 0.943 0.888 -2.347 1347 -0530 0.596
Sami A. Gabr -0.860 0.142 0.020 -1139 -0581 -6.052 0.000 .-
Vijaykumar M. Pujari -1.940 0.060 0.004 -2.057 -1.823 -32.439 0.000
-1.276 0.227 0.051 -1720 -0.831 -5624 0.000 ’
MDA (Moderate vs. Severe) 400 200 0.00 200 400
Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error  Variance limit  limit Z-Value p-Value
Nemati Houshang 2.000 3674 13502 -5202 9.202 0.544 0.586
Sami A. Gabr 20.993 2126 4518 16.827 25159  9.876  0.000 e o
Dipali P. Kadam 6.520 0.852 0726 4850 8.190 7.654 0.000 .
10.038 5.381 28.952 -0.508 20.584 1.866 0.062
CAT (Mild vs. Moderate) 3200 -16.00 0.00 16.00 32.00
Study name Statistics for each study Difference in means and 95% CI
Difference  Standard Lower Upper
in means error Variance  limit limit Z-Value p-Value
Nemati Houshang 3.600 3.606 13.001 -3.467 10.667 0.998 0.318
Sami A. Gabr 3.560 1634 2670 0357 6763 2179 0.029 ——
Dipali P. Kadam 5.890 0.856 0732 4213 7567 6383  0.000 L
5313 0.742 0.550 3.859 6.767 7161 0.000 ’
-16.00 -8.00 0.00 8.00 16.00

CAT(Moderate vs. Severe)

associated with the severity of disease. These results
suggest that oxidative stress imbalances play a vital role
in the pathogenesis of psoriasis.
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Table 4 Comparison of the level of TAS, TOS, MDA, and CAT among mild, moderate, and severe psoriasis

Study Mild psoriasis Moderate psoriasis Severe psoriasis
Mean SD Mean SD Mean SD
TAS
Dipali P. Kadam 0.88 0.024 0.8 0.029 0.74 0.019
K.H. Basavaraj 0.14 0.225 0.12 0.257 0.12 0.207
Sami A. Gabr 0.87 0.028 0.82 0.034 0.71 0.027
Vijaykumar M. Pujari 1.64 0.016 1.49 0.019 1.1 0.023
TOS None
MDA
Dipali P. Kadam 1.84 0.24 3.11 0.24 4.35 0.45
E. Attwa 3.19 0.26 3.97 0.26 5.98 0.18
Kumari Asha 2.436 0.84 2.685 0.96 2979 0.96
Nemati Houshang 17.4 33 17.6 3.7 18.1 3.6
Sami A. Gabr 3.59 0.47 4.24 0.57 5.1 0.53
Vijaykumar M. Pujari 3.14 0.24 3.98 0.28 5.92 0.17
CAT
Nemati Houshang 44.4 8.8 424 18.1 38.8 7.9
Sami A. Gabr 45913 9.5 24.92 6.73 21.36 59
Dipali P. Kadam 48.56 2.53 42.04 3.92 36.15 2.57
Funnel Plot of Standard Error by Difference in means Funnel Plot of Standard Error by Difference in means
TAS 3 e ;me ul 1 2 3 4 5 6 7 8
MDA
Funnel Plot of Standard Error by Difference in means
0 Funnel Plot of Standard Error by Difference in means
s 2 / \\ g
TOS CAT

Fig. 4 Funnel plot analysis to detect the publication bias, total oxidant status, total antioxidant status, malondialdehyde, and catalase levels in patients

with psoriasis
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Fig. 5 Funnel plot analysis to detect the publication bias, total oxidant status, total antioxidant status, malondialdehyde, and catalase levels in patients

with mild, moderate, and severe psoriasis

Total antioxidant status in psoriasis

Many efforts have been made to investigate the relation-
ship between TAS and psoriasis. Rocha-Pereira et al.
[24], based on a case-control study, reported that the
TAS levels are significantly decreased in patients with
psoriasis. Similarly, Kaur et al. [33] found that patients
with psoriasis had significantly lower TAS levels than
healthy controls (p<0.0001). However, contrasting re-
sults, with significantly higher TAS levels in psoriasis
patients than in healthy controls, have also been report-
ed by Gavan et al. [8]. Meanwhile, Wacewicz et al. [20]
suggested that the levels of TAS were not significantly
different between psoriasis patients and control

@ Springer

individuals. Our current meta-analysis revealed that the
levels of TAS were significantly lower in psoriasis pa-
tients compared with those in controls. However, we
detected a significant level of heterogeneity in psoriasis
research concerning TAS among the available studies.
The marked heterogeneity in the outcomes may be par-
tially explained by the differences in populations studied
(e.g., Turkey vs. India), as well as the different mea-
sures and units employed. However, the sensitivity anal-
ysis for TAS revealed no change in the overall statisti-
cal significance, and Funnel plots and Egger’s test con-
firmed no publication bias in our current meta-analysis,
suggesting that this meta-analysis was relatively stable
and credible.
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Table 5  Sensitivity analysis using the leave-one-out strategy

Study Point  95% CI t value p value

TAS
Aysun Toker -021 -026 -0.17 —873 <0.001
Birgiil Vanizor Kural -022 -0.27 —-0.17 —877 <0.001
Dipali P. Kadam -023 -029 -0.16 —691 <0.001
Fatih Karababa -022 -027 -0.17 —857 <0.001
Hacer Altin Siiriicii -022 -027 -0.17 —-883 <0.001
K.H. Basavaraj -0.18 —-022 —-0.13 -7.60 <0.001
M Hashemi -022 -027 -0.17 —883 <0.001
Marta Wacewicz -023 -028 —0.18 —9.17 <0.001
Norina Gavan -023 -028 —0.19 —-9.67 <0.001
P.ROCHA-PEREIRA -021 -026 —-0.16 —825 <0.001
Petronila Rocha-Pereira —021 —-0.26 —0.16 —829 <0.001
S. Emre -0.18 —-022 -0.13 —-795 <0.001
Sami A. Gabr -022 -028 -0.17 —823 <0.001
Sirje Kaur -021 -026 -0.16 —821 <0.001
Vijaykumar M. Pujari -022 -029 -0.16 —6.84 <0.001

TOS
Medha Rajappa 1.89 1.03 274 434 <0.001
Fatih Karababa 2.05 .52 259 753 <0.001
Hacer Altin Siiriicii 2.76 211 342 823 <0.001
S. Emre 2.09 1.55 262 7.69 <0.001

MDA
A. S, ikar Aktu” rk 1.40 136 144 6891 <0.001
Aysun Toker 1.40 136 1.44 69.17 <0.001
Dipali P. Kadam 1.36 132 141 61.13 <0.001
E. Attwa 1.40 136 144 68.85 <0.001
I~brahim Ko'kc ,am 1.50 1.46 154 7145 <0.001
Kiymet Baz 1.40 136 144 69.10 <0.001
Kumari Asha 1.36 132 140 6398 <0.001
M Yildirim 1.40 1.36 144 69.16 <0.001
M. Asefi 1.39 1.34 143 67.07 <0.001
Nemati Houshang 1.39 1.35 143 6845 <0.001
Sami A. Gabr 1.37 1.33 141 6698 <0.001
Serap Utas 1.40 136 144 69.00 <0.001
Vijaykumar M. Pujari 1.36 1.31 141 54.03 <0.001
Vineet Relhan 1.47 143 152 64.05 <0.001

CAT
Nemati Houshang —28.15 —58.68 237 —1.81 0.071
Sami A. Gabr —13.56 —21.69 —543 —-327  0.001
Dipali P. Kadam —2830 —5855 196 —183  0.067

Total oxidant status in psoriasis

In this meta-analysis, the level of TOS in psoriasis patients
was significantly higher than that in healthy controls. A total
of four case-control studies of TOS were used in this meta-
analysis, all of which claimed that the TOS levels were higher
in psoriasis patients than in healthy controls. Even though

there was a marked heterogeneity among the available studies
concerning TOS, the sensitivity analysis suggested that our
meta-analysis was relatively stable and credible. The literature
regarding the association of TOS levels with psoriasis is rather
limited. Thus, multi-center studies with a larger sample size
should be conducted to confirm these results.

Malondialdehyde in psoriasis

Some studies have claimed the association of MDA with pso-
riasis. Kadam et al. [12] carried out a case-control study,
showing that the serum MDA levels were significantly in-
creased in psoriasis patients than in healthy controls. Relhan
et al. [19] also reported significantly increased levels of plas-
ma MDA in patients with acute psoriasis than in controls.
However, several other studies have reported an absence of
significant difference in MDA between psoriasis and normal
controls [10, 18, 36]. The combined results from our meta-
analysis revealed that psoriasis patients have higher serum
MDA levels than normal controls. The meta-analysis revealed
a significant between-study heterogeneity for MDA among
the available studies. This marked heterogeneity in the out-
comes might be due to the lack of standardization in case
selection or data collection. In spite of the marked heteroge-
neity concerning MDA among the available studies, sensitiv-
ity analysis and publication bias analysis suggested that the
meta-analysis was relatively stable and credible.

Catalase in psoriasis

Only three case-control studies have reported the relationship
between CAT and psoriasis. Although the combined results
showed a significant difference in the CAT levels between
psoriasis patients and controls, the sensitivity analysis showed
that two studies in particular affected this result of the meta-
analysis. Moreover, publication bias was also observed.
Therefore, further studies with larger sample size are needed
to verify our results.

Although a standard search strategy and a thorough com-
puterized search method were applied in the current meta-
analysis, our study has some limitations. First, we included
case-control studies with differences in population character-
istics (e.g., age, gender, country). Second, different measures
and units are usually employed in the included studies, which
may lead to between-study heterogeneity and publication bias.
Third, it is important to assess the relationship between TOS,
TAS, MDA, and CAT levels with psoriatic arthritis, but most
of the literature included in the search did not clarify how
many psoriatic patients had psoriatic arthritis. Last, the rela-
tionship between different clinical types of psoriasis (vulgar,
inverted, pustular, and erythrodermic) and oxidative stress
markers may be different, but most of the included literature
did not clarify the clinical type of skin psoriasis.
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Treatment approaches to psoriasis

Psoriasis has a considerable impact on the patients and the
health care system. Therapeutic approaches to psoriasis may
be varied because a number of issues in psoriasis research
have not been definitively addressed. Furthermore, therapeu-
tic paradigms are continuously changing. Methotrexate, a
classic immunomodulator, has been used in the treatment of
psoriasis for more than 50 years. West et al. [38] performed a
meta-analysis and reported that 45.2% of patients achieve
PASI75 at primary endpoint, against a calculated PASI75 of
4.4% (95% CI of 3.5-5.6%) for placebo, yiclding a relative
risk of 10.2% (95% CI 7.1-14.7%), suggesting that metho-
trexate is effective and remains the cornerstone of systemic
treatment of psoriasis. Rajappa et al. [22] reported that meth-
otrexate treatment results in a significant decline of both the
inflammatory and oxidative stress parameters. Moreover,
Wacewicz et al. [20] reported that the TAS level decreased
upon NB-UVB treatment in psoriasis patients. With the con-
tinuously changing therapeutic paradigms, highly selective
biological therapies (interleukin-17 inhibitors, tumor necrosis
factor-oc inhibitors) have been approved for the treatments of
psoriasis [39]. Bacchetti et al. [40] reported that treatment with
tumor necrosis factor-« inhibitors is associated with a reduc-
tion in lipid peroxidation and an improvement in HDL anti-
oxidant and anti-inflammatory properties. Moreover, Caso
et al. [41] reported that the levels of visfatin were higher in
patients with psoriatic arthritis and suggested that visfatin may
mediate a complex cellular signaling process stimulated by
oxidative stress, resulting in vascular endothelial inflamma-
tion. Thus, visfatin may be a novel biomarker of psoriasis
and a potential therapeutic target.

Conclusions

The meta-analysis provides evidence that the TAS and CAT
levels in psoriasis patients are significantly lower than in
healthy controls, whereas the TOS and MDA levels in psori-
asis patients are significantly higher than in healthy controls.
In addition, TAS, MDA, and CAT levels were associated with
the severity of the disease. However, drawing a definitive
conclusion on the association of CAT and TOS with psoriasis
is difficult, owing to the limited number of available studies so
far. Therefore, further studies should be carried out to
strengthen this evidence, especially on the association of
CAT and TOS with psoriasis.

Authors’ contributions YC Z and Z M designed the study; YC Z,ZSL, Y
M, and Z M collected the data; YC Z,ZS L, Y M, and Z M performed the
statistical analysis; YC Z and Z M wrote the manuscript. All authors read
and approved the final manuscript.

@ Springer

Funding information This work was supported by Tai’an City
Technology Development Project (201340629).

Compliance with ethical standards
Disclosures None.

Abbreviations WMD, weighted mean difference; CI, confidence inter-
val; TOS, total oxidant status; TAS, total antioxidant status; MDA,
malondialdehyde; CAT, catalase

References

1. Scher JU, Ogdie A, Merola JF, Ritchlin C (2019) Preventing pso-
riatic arthritis: focusing on patients with psoriasis at increased risk
of transition. Nat Rev Rheumatol 15:153-166
2. Springate DA, Parisi R, Kontopantelis E, Reeves D, Griffiths CEM,
Ashcroft DM (2017) Incidence, prevalence and mortality of pa-
tients with psoriasis: a U.K. population-based cohort study. Br J
Dermatol 176:650-658
3. Kofoed K, Skov L, Zachariae C (2015) New drugs and treatment
targets in psoriasis. Acta Derm Venereol 95:133—139
4. Bos ID, De Rie MA (1999) The pathogenesis of psoriasis: immu-
nological facts and speculations. Immunol Today 20:40-46
5. Lai R, Xian D, Xiong X, Yang L, Song J, Zhong J (2018)
Proanthocyanidins: novel treatment for psoriasis that reduces oxi-
dative stress and modulates Th17 and Treg cells. Redox Rep 23:
130-135
6. Peluso I, Cavaliere A, Palmery M (2016) Plasma total antioxidant
capacity and peroxidation biomarkers in psoriasis. J Biomed Sci 23:
52
7. Karababa F, Yesilova Y, Turan E, Selek S, Altun H, Selek S (2013)
Impact of depressive symptoms on oxidative stress in patients with
psoriasis. Redox Repl 8:51-55
8. Gavan N, Popa R, Orasan R, Maibach H (1997) Effect of percuta-
neous absorption of fluocinolone acetonide on the activity of super-
oxide dismutase and total antioxidant status in patients with psori-
asis. Skin Pharmacol 10:178—182
9. Asha K, Singal A, Sharma SB, Arora VK, Aggarwal A (2017)
Dyslipidaemia & oxidative stress in patients of psoriasis: emerging
cardiovascular risk factors. Indian J Med Res 146:708-713
10. Toker A, Kadi M, Yildirim AK, Aksoy H, Akcay F (2009) Serum
lipid profile paraoxonase and arylesterase activities in psoriasis.
Cell Biochem Funct 27:176-180
11.  Sirticii HA, Aksoy N, Ozgoztas O, Sezen H, Yesilova Y, Turan E
(2015) Prolidase activity in chronic plaque psoriasis patients.
Postepy Dermatol Alergol 32:82-87
12.  Kadam DP, Suryakar AN, Ankush RD, Kadam CY, Deshpande KH
(2010) Role of oxidative stress in various stages of psoriasis. Indian
J Clin Biochem 5:388-392
13.  Li X, Miao X, Wang H, Wang Y, Li F, Yang Q, Cui R, Li B (2016)
Association of serum uric acid levels in psoriasis: a systematic
review and meta-analysis. Medicine (Baltimore) 95:¢3676
14.  Stang A (2010) Critical evaluation of the Newcastle-Ottawa scale
for the assessment of the quality of nonrandomized studies in meta-
analyses. Eur J Epidemiol 25:603-605
15.  Hashemi M, Mehrabifar H, Daliri M, Ghavami S (2010) Adenosine
deaminase activity, trypsin inhibitory capacity and total antioxidant
capacity in psoriasis. J Eur Acad Dermatol Venereol 24:329-334
16. Utas S, Kose K, Yazici C, Akdas A, Kelestimur F (2002)
Antioxidant potential of propylthiouracil in patients with psoriasis.
Clin Biochem 35:241-246



Clin Rheumatol (2019) 38:2659-2671

2671

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Nemati H, Houshang N, Khodarahmi R, Reza K, Sadeghi M,
Masoud S, Ebrahimi A, Ali E, Rezaei M, Mansour R et al (2014)
Antioxidant status in patients with psoriasis. Cell Biochem Funct
32:268-273

Kokgam I, Naziroglu M (1999) Antioxidants and lipid peroxidation
status in the blood of patients with psoriasis. Clin Chim Acta 289:
23-31

Relhan V, Gupta SK, Dayal S, Pandey R, Lal H (2002) Blood thiols
and malondialdehyde levels in psoriasis. J Dermatol 29:399-403
Wacewicz M, Socha K, Soroczynska J, Niczyporuk M,
Aleksiejczuk P, Ostrowska J, Borawska MH (2017)
Concentration of selenium, zinc, copper, Cu/Zn ratio, total antiox-
idant status and c-reactive protein in the serum of patients with
psoriasis treated by narrow-band ultraviolet B phototherapy: a
case-control study. J Trace Elem Med Biol 44:109-114
Rocha-Pereira P, Santos-Silva A, Rebelo I, Figueiredo A,
Quintanilha A, Teixeira F (2001) Dislipidemia and oxidative stress
in mild and in severe psoriasis as a risk for cardiovascular disease.
Clin Chim Acta 303:33-39

Rajappa M, Shanmugam R, Munisamy M, Chandrashekar L,
Rajendiran KS, Thappa DM (2016) Effect of antipsoriatic therapy
on oxidative stress index and sialic acid levels in patients with
psoriasis. Int ] Dermatol 55:e422—e430

Sezer U, Senyurt SZ, Giindogar H, Erciyas K, Ustin K, Kimyon G,
Kirtak N, Tays1 S, Onat AM (2016) Effect of chronic periodontitis
on oxidative status in patients with psoriasis and psoriatic arthritis. J
Periodontol 87:557-565

Rocha-Pereira P, Santos-Silva A, Rebelo I, Figneiredo A,
Quintanilha A, Teixeira F (2004) Erythrocyte damage in mild and
severe psoriasis. Br J Dermatol 150:232-244

Vanizor Kural B, Orem A, Cimsit G, Yandi YE, Calapoglu M
(2003) Evaluation of the atherogenic tendency of lipids and lipo-
protein content and their relationships with oxidant-antioxidant sys-
tem in patients with psoriasis. Clin Chim Acta 328:71-82

Sikar Aktiirk A, Ozdogan HK, Bayramgiirler D, Cekmen MB,
Bilen N, Kiran R (2012) Nitric oxide and malondialdehyde levels
in plasma and tissue of psoriasis patients. ] Eur Acad Dermatol
Venereol 26:33-837

Baz K, Cimen MYB, Kokturk A, Yazici AC, Eskandari G, lIkizoglu
G, Api H, Atik U (2003) Oxidant / antioxidant status in patients
with psoriasis. Yonsei Med J 44:987-990

Pujari VM, Suryakar AN, Ireddy S (2010) Oxidants and antioxidant
status in psoriasis patients. Biomed Res 21:221-223

Asefi M, Vaisi-Raygani A, Bahrehmand F, Kiani A, Rahimi Z,
Nomani H, Ebrahimi A, Tavilani H, Pourmotabbed T (2012)
Paraoxonase 1 (PON1) 55 polymorphism, lipid profiles and psori-
asis. BrJ Dermatol 167:1279-1286

Coimbra S, Oliveira H, Reis F, Belo L, Rocha S, Quintanilha A,
Figueiredo A, Teixeira F, Castro E, Rocha-Pereira P, Santos-Silva A

3L

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

Publisher’'s note

(2010) Psoriasis therapy and cardiovascular risk factors: a 12-week
follow-up study. Am J Clin Dermatol 11:423-432

Attwa E, Swelam E (2011) Relationship between smoking-induced
oxidative stress and the clinical severity of psoriasis. J Eur Acad
Dermatol Venereol 25:782-787

Gabr SA, Al-Ghadir AH (2012) Role of cellular oxidative stress and
cytochrome c in the pathogenesis of psoriasis. Arch Dermatol Res
304:451-457

Kaur S, Zilmer K, Leping V, Zilmer M (2013) Serum
methylglyoxal level and its association with oxidative stress and
disease severity in patients with psoriasis. Arch Dermatol Res 305:
489-494

Basavaraj KH, Vasu Devaraju P, Rao KS (2013) Studies on serum
8-hydroxy guanosine (8-OHdG) as reliable biomarker for psoriasis.
J Eur Acad Dermatol Venereol 27:655-657

Emre S, Metin A, Demirseren DD, Kilic S, Isikoglu S, Erel O
(2013) The relationship between oxidative stress, smoking and
the clinical severity of psoriasis. J Eur Acad Dermatol Venereol
27:€370-e375

Yildirim M, Inaloz HS, Baysal V, Delibas N (2003) The role of
oxidants and antioxidants in psoriasis. J Eur Acad Dermatol
Venereol 17:34-36

Zhou Q, Mrowietz U, Rostami-Yazdi M (2009) Oxidative stress in
the pathogenesis of psoriasis. Free Radic Biol Med 47:891-905
West J, Ogston S, Foerster J (2016) Safety and efficacy of metho-
trexate in psoriasis: a meta-analysis of published trials. PLoS One
11:¢0153740

Ogawa E, Sato Y, Minagawa A, Okuyama R (2018) Pathogenesis
of psoriasis and development of treatment. J Dermatol 45:264-272
Bacchetti T, Campanati A, Ferretti G, Simonetti O, Liberati G,
Offidani AM (2013) Oxidative stress and psoriasis: the effect of
antitumour necrosis factor-« inhibitor treatment. Br J Dermatol
168:984-989

Caso F, Postiglione L, Covelli B, Ricciardone M, Di Spigna G,
Formisano P, D’Esposito V, Girolimetto N, Tasso M, Peluso R
et al (2019) Pro-inflammatory adipokine profile in psoriatic arthri-
tis: results from a cross-sectional study comparing PsA subset with
evident cutaneous involvement and subset “sine psoriasis.”. Clin
Rheumatol. https://doi.org/10.1007/s10067-019-04619-w

Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1007/s10067-019-04619-w

	Association...
	Abstract
	Introduction
	Materials and methods
	Search strategy
	Study selection and data extraction
	Quality assessment
	Statistical analysis

	Results
	Characteristics of the included studies
	Meta-analysis of the association of total antioxidant status with psoriasis
	Meta-analysis of the association of total oxidant status with psoriasis
	Meta-analysis of the association of malondialdehyde with psoriasis
	Meta-analysis of the association of catalase with psoriasis
	Meta-analysis of the association of total antioxidant status, malondialdehyde, and catalase with severity of psoriasis
	Analysis of publication bias
	Sensitivity analysis

	Discussion
	Total antioxidant status in psoriasis
	Total oxidant status in psoriasis
	Malondialdehyde in psoriasis
	Catalase in psoriasis
	Treatment approaches to psoriasis

	Conclusions
	���References




