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Abstract
Human serum paraoxonase-1 (PON-1) is a critical antioxidant defense system against lipid oxidation. Decreased PON-1 
activity has been associated with systemic oxidative stress in several disease states. We conducted a systematic review and 
meta-analysis of plasma/serum concentrations of PON-1 paraoxonase and arylesterase activity in psoriasis, a chronic immune-
mediated and inflammatory skin disease. The electronic databases PubMed, Web of Science, and Scopus were searched from 
inception to November 2021. In total, 14 studies in 691 psoriatic patients and 724 healthy controls were included in the meta-
analysis. Serum paraoxonase activity was significantly lower in psoriatic patients (SMD = − 2.30, 95% CI − 3.17 to − 1.42; 
p < 0.001); however, no significant between-group differences were observed in serum arylesterase activity (SMD = − 0.34, 
95% CI − 0.11 to 0.80; p = 0.14). The pooled SMD values were not substantially altered in sensitivity analysis. There was 
no publication bias. In conclusion, our meta-analysis has shown that serum paraoxonase, but not arylesterase, activity is 
significantly lower in psoriasis, suggesting an impaired antioxidant defense in these patients.
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Introduction

Psoriasis is a chronic and disabling immune-mediated and 
inflammatory skin disease. The vulgaris form, represent-
ing 90% of cases, manifests as erythematous-desquamative 
plaques that are well delineated from normal skin [1]. The 
psoriatic plaque is characterized by increased keratinocyte 
proliferation, dilated dermal vasculature and dermal inflam-
mation with significant leucocyte infiltration. The aetiology 
of psoriasis is unknown, but genetic factors, immunological 
mechanisms and metabolic factors have been proposed [1].

Previous studies have demonstrated the presence of alter-
ations in plasma lipids, lipoproteins, lymphocytes, polymor-
phonuclear leukocytes and platelets in psoriatic patients [2, 
3]. In particular, oxidized low-density lipoproteins (ox-LDL) 
have been observed both in psoriatic skin lesions and serum 
[4–7]. Accumulation of ox-LDL in psoriatic skin may play 
an important role in the immune-inflammatory events result-
ing in progressive skin damage [4].

Furthermore, increased production of reactive oxygen 
species (ROS) and inflammatory cytokines contribute to the 
development and progression of psoriatic lesions. Increased 
concentrations of biochemical markers of lipid peroxida-
tion and a concomitant decrease in cellular and extracel-
lular antioxidants have been demonstrated in subjects with 
psoriasis [8].

Human serum paraoxonase-1 (PON-1), also known as 
arylesterase (ARE), is a critical antioxidant defence system 
against lipid oxidation. It is a glycoprotein of 43–45 kDa 
and its gene is located in the long arm of chromosome 7 
(q21–q22) in humans. PON-1 is an antioxidant and anti-
inflammatory calcium-dependent esterase, associated with 
high-density lipoprotein (HDL), that is used as a marker of 
lipid peroxidation [9, 10].
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PON-1 hydrolyzes the organophosphate substrate par-
aoxon (paraoxonase activity, EC 3.1.8.1), the toxic metabo-
lite of the insecticide parathion and aromatic esters, such as 
phenylacetate (arylesterase activity, EC 3.1.1.2) [11].

PON-1 is expressed in the liver and excreted in the blood 
with the HDL particle [12]. Serum PON-1 hydrolyzes pro-
inflammatory oxidized lipids, typically presenting as ox-
LDL, and suppresses their atherogenic effects [13].

Decreased PON-1 activity is considered a marker of 
increased systemic oxidative stress and increased conversion 
of HDL to a dysfunctional pro-inflammatory and pro-ath-
erogenic state. Not surprisingly, decreased PON-1 activity 
has been associated with the development of cardiovascular 
disease [14] and the risk of major adverse cardiovascular 
events [15].

In order to capture and interpret the available evidence 
regarding the relationship between psoriasis and PON-1 
activity, we conducted a systematic review and meta-anal-
ysis of studies reporting plasma/serum concentrations of 
PON-1 paraoxonase and arylesterase activity in psoriatic 
patients and control groups.

Materials and methods

Search strategy, eligibility criteria and study 
selection

A systematic search of publications in the electronic data-
bases PubMed, Web of Science and Scopus from inception 
to November 2021, was conducted using the following terms 
and their combination: “Paraoxonase” or “PON” or “Par-
aoxonase-1” or “PON-1” or “arylesterase” and “psoriasis.” 
Abstracts were screened independently by two investigators 
to establish relevance. If relevant, the two investigators inde-
pendently reviewed the full articles. Eligibility criteria were: 
(i) assessment of paraoxonase and arylesterase activity in 
plasma or serum; (ii) comparison of subjects with psoria-
sis and healthy controls (case–control design); (iii) sample 
size ≥ 10 patients with psoriasis; (iv) English language; and 
(v) full-text publications. The references of the retrieved 
articles and reviews were also searched to identify addi-
tional studies. Any disagreement between the reviewers was 
resolved by a third investigator. The risk of bias was assessed 
using the Joanna Briggs Institute (JBI) Critical Appraisal 
Checklist for analytical studies. A score of ≥ 5, 4 and < 4 
indicated low, moderate and high risk, respectively [16].

The certainty of evidence was assessed using the Grades 
of Recommendation, Assessment, Development and Evalua-
tion (GRADE) Working Group system. GRADE considers the 
study design (randomized vs. observational), the risk of bias 
(JBI checklist), the presence of unexplained heterogeneity, the 
indirectness of evidence, the imprecision of results (sample 

size, 95% confidence interval width and threshold crossing), 
the effect size (small, SMD < 0.5, moderate, SMD 0.5–0.8, 
and large, SMD > 0.8) [17] and the probability of publication 
bias [18, 19]. The study complied with the Preferred Reporting 
Items for Systematic reviews and Meta-Analyses (PRISMA) 
2020 statement [20]. The protocol was registered in the Inter-
national Prospective Register of Systematic Reviews.

Statistical analysis

Standardized mean differences (SMDs) and 95% confidence 
intervals (CIs) were used to express forest plots of continu-
ous data and assess differences in PON-1 or ARE concen-
trations in psoriatic patients vs. healthy controls due to the 
different units of measurement (U/L, U/mg protein or μmol/
ml) used to express the paraoxonase or arylesterase concen-
trations in studies.

A p value < 0.05 was considered statistically signifi-
cant. When necessary, the means and standard deviations 
were extrapolated from medians and interquartile values 
(or ranges), as previously reported by Wan et al. and Hozo 
et al. [21, 22], or from graphs using the Graph Data Extrac-
tor software.

Heterogeneity of SMD across studies was tested by using 
the Q statistic (significance level at p < 0.10). The I2 statistic, 
a quantitative measure of inconsistency across studies, was 
also calculated [23, 24]. Statistical heterogeneity was defined 
as an I2 statistic value ≥ 50% [24]. A random-effects model 
was used in presence of high heterogeneity.

Sensitivity analysis was conducted to investigate the 
influence of each study on the overall risk estimate, by 
sequentially excluding individual studies [25].

To evaluate the presence of potential publication bias, 
the associations between study size and magnitude of effect 
were analyzed by means of Begg’s adjusted rank correlation 
test and Egger’s regression asymmetry test at the p < 0.05 
level of significance [26, 27]. The Duval and Tweedie “trim 
and fill” procedure was carried out to further test and eventu-
ally correct the occurrence of publication bias [28]. Univari-
ate meta-regression analyses also were conducted to inves-
tigate associations between the effect size and the following 
parameters: age, gender, publication year, and continent 
where the study was conducted. Statistical analyses were 
performed using Stata 14 (STATA Corp., College Station, 
TX, USA).

Results

Systematic research

A flowchart describing the screening process is presented 
in Fig. 1. We initially identified 192 studies. A total of 177 
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were excluded after the first screening because they were 
either duplicates or irrelevant. After a full-text revision of 
remaining 15 articles, one was further excluded because of 
missing data. Thus, 14 studies in 691 patients with a mean 
age of 36 years (50% males) and 724 healthy controls with 
a mean age of 34 years (49% males) were included in the 
meta-analysis [29–42]. The characteristics of the retrieved 
studies, published between 2009 and 2021, are presented 
in Table 1.  

Meta‑analysis of paraoxonase activity

Study characteristics

Twelve studies in 537 patients (mean age 36 years, 50% 
males) and 562 healthy controls with a mean age of 34 years 
(51% males) were evaluated [29–31, 34–42]. Five studies 
were conducted in Asia [29, 31, 35, 37, 42], four in Europe 

[30, 36, 40, 41], two in America [38, 39], and one in Africa 
[34].

Risk of bias

The risk of bias was considered low in 10 studies and moder-
ate in the remaining two (Table 2).

Results of individual studies and syntheses

The forest plot of PON-1 activity in patients with psoria-
sis and healthy controls is shown in Fig. 2. In two studies 
[29, 39], patients had significantly higher PON-1 activity 
than controls (mean difference range, 0.65 to 0.68). In the 
remaining ten [30, 31, 34–38, 40–42], patients had lower 
PON-1 activity than healthy subjects (mean difference 
range, − 0.27 to -16.65) with a non-significant difference 
reported only in one study [38]. Extreme heterogeneity 

Fig. 1  PRISMA 2020 flow 
diagram
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was observed (I2 = 96.9%, p < 0.001). Thus, random-effects 
models were used. Overall, pooled results showed that 
PON-1 activity was significantly lower in psoriatic patients 
(SMD = − 2.30, 95% CI − 3.17 to − 1.42; p < 0.001). In 
sensitivity analysis, the corresponding pooled SMD values 
were not substantially altered when individual studies were 

sequentially omitted (effect size range, between − 2.61 and 
− 1.55, Fig. 3). However, funnel plot analysis showed that 
the study by Shakoei et al. [42] influenced graph sym-
metry with a possible effect on the effect size (Fig. 4). 
After removing this study, the SMD, albeit attenuated, 
remained significant (SMD = − 1.55, 95% CI − 2.29 to 

Table 2  The Joanna Briggs Institute critical appraisal checklist

Study Were the 
criteria for 
inclusion in 
the sample 
clearly 
defined?

Were the 
study 
subjects and 
the setting 
described in 
detail?

Was the 
exposure 
measured 
in a valid 
and reliable 
way?

Were 
objective, 
standard 
criteria used 
for measure-
ment of the 
condition?

Were 
confound-
ing factors 
identified?

Were 
strategies 
to deal with 
confound-
ing factors 
stated?

Were the 
outcomes 
measured 
in a valid 
and reliable 
way?

Was appro-
priate statis-
tical analysis 
used?

Risk of bias

Toker A Yes Yes Yes Yes No No Yes No Low
Ferretti G Yes Yes Yes Yes No No Yes No Low
Usta M Yes Yes Yes Yes Yes Yes Yes Yes Low
Asefi M Yes Yes Yes Yes No No Yes No Low
Emre S Yes Yes Yes Yes No No Yes No Low
Ramadan S Yes Yes Yes Yes No No Yes No Low
He L Yes Yes Yes Yes No No Yes No Low
Holzer M No Yes Yes Yes No No Yes No Moderate
Houshang N Yes Yes Yes Yes No No Yes No Low
Husni ME No Yes Yes Yes No No Yes No Moderate
Sorokin AV Yes Yes Yes Yes No No Yes No Low
Bacchetti T Yes Yes Yes Yes No No Yes No Low
Oszukowska 

M
Yes Yes Yes Yes No No Yes No Low

Shakoei S Yes Yes Yes Yes No No Yes No Low

Fig. 2  Forest plot of studies examining serum PON values of psoriasis and controls



 Clinical and Experimental Medicine

1 3

− 0.81, p < 0.001) with a persistent extreme heterogeneity 
(I2 = 95.8%, p < 0.001).

Publication bias

There was no publication bias (Begg’s p = 0.12 and Egger 
tests p = 0.06). Accordingly, the “trim-and-fill” method did 
not identify missing studies to be added in the funnel plot 
(Fig. 5).

Meta‑regression and sub‑group analysis

In univariate meta-regression, no significant associations 
were observed between the effect size and age (t = − 0.11, 
p = 0.91) and publication year (t = − 0.45, p = 0.66). How-
ever, a significant relation was observed with gender 
(t = − 3.49, p = 0.007). In sub-group analysis, reported in 
Fig. 6, there was a significant psoriasis-associated decrease 
in serum PON-1 activity in European studies (SMD = − 2.34; 
95% CI − 3.76 to − 0.91, p = 0.001; I2 = 94.8%, p < 0.001) 
but not in studies conducted in Asia (SMD = − 1.06; 95% CI 
− 2.20 to 0.08, p = 0.07; I2 = 95.1%, p < 0.001) or America 
(SMD = 0.17; 95% CI − 0.76 to 1.10, p = 0.72; I2 = 89.4%, 
p = 0.002).

Certainty of evidence

The initial level of certainty for PON-1 SMD values was 
considered low because of the cross-sectional design of the 
studies (rating 2, ⊕ ⊕⊝⊝). After considering the low risk 
of bias in 10 out of 12 studies (no rating change required), 
the extreme and unexplained heterogeneity (downgrade one 
level), the lack of indirectness (no rating change required), 
the relatively low imprecision (relatively narrow confidence 

intervals without threshold crossing, no rating change 
required), the relatively large effect size (SMD = − 2.30, 
upgrade one level) and the absence of publication bias 
(no rating change required), the overall level of certainty 
remained low (rating 2, ⊕ ⊕⊝⊝).

Meta‑analysis of circulating arylesterase activity

Study characteristics

Eight studies in 435 patients (mean age 34 years, 47% males) 
and 504 healthy controls (mean age 32 years, 48% males) 
were identified [29–33, 38–40]. Four studies were con-
ducted in Asia [29, 31–33], two in Europe [30, 40] and two 
in America [38, 39].

Fig. 3  Sensitivity analysis of the association between serum PON 
values and psoriasis disease. For each study, the displayed effect size 
(hollow circles) corresponds to an overall effect size computed from a 
meta-analysis excluding that study

Fig. 4  Funnel plot of the 12 retrieved studies evaluating of the asso-
ciation between serum PON concentration and psoriasis disease

Fig. 5  Funnel plot of studies investigating association between serum 
PON values and psoriasis disease after trimming and filling. Dummy 
studies and genuine studies are represented by enclosed circles and 
free circles, respectively
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Risk of bias

The risk of bias was considered low in seven studies and 
moderate in the remaining one.

Results of individual studies and syntheses

The forest plot of ARE activity in patients with psoriasis 
and healthy controls is shown in Fig. 7. In two studies 
[29, 30], patients had significantly higher ARE activity 
than controls (mean difference range, 0.67 to 0.89). In the 
remaining six [31–33, 38–40], patients had lower ARE 
activity than healthy subjects (mean difference range, 
− 1.26 to − 0.12) with a significant difference in four stud-
ies [31, 32, 38, 40]. Extreme heterogeneity was observed 
(I2 = 90.1%, p < 0.001). Thus, random-effects models 
were used. Overall, pooled results showed no significant 
differences in serum ARE activity between patients and 
controls (SMD = − 0.34, 95% CI − 0.11 to 0.80; p = 0.14). 
Sensitivity analysis showed that the corresponding pooled 
SMD values were not altered when individual studies were 
sequentially omitted (effect size range, between − 0.51 and 
− 0.28, Fig. 8).

Publication bias

Assessment of publication bias was not possible because of 
the small number of studies.

Meta‑regression and sub‑group analysis

Meta-regression and sub-group analyses were not possible 
because of the small number of studies.

Certainty of evidence

The initial level of certainty for ARE SMD values was con-
sidered low because of the cross-sectional design of the stud-
ies (rating 2, ⊕ ⊕⊝⊝). After considering the low risk of bias 
in seven out of eight studies (no rating change required), 
the extreme and unexplained heterogeneity (downgrade one 
level), the lack of indirectness (no rating change required), 
the relatively high imprecision (relatively wide confidence 
intervals with threshold crossing, downgrade one level, the 
relatively small effect size (SMD = − 0.34, downgrade one 
level), and the lack of assessment of publication bias (down-
grade one level), the overall level of certainty was down-
graded to very low (rating 0, ⊝ ⊝⊝⊝).

Discussion

In our systematic review and meta-analysis, serum 
PON-1 paraoxonase, but not arylesterase, activity were 
significantly lower in psoriatic patients when compared 
to healthy controls. The relatively large SMD values for 
PON-1 activity indicate an effect size that is likely to be of 
biological and/or clinical relevance. Despite the extreme 
heterogeneity observed, in sensitivity analysis the effect 

Fig. 6  Forest plot of studies examining serum PON concentration in psoriasis and controls according to continent where the study was con-
ducted
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size of PON-1 activity was not significantly affected when 
each study was in turn removed. The study by Shakoei 
et  al. [42] influenced graph symmetry with a possible 
effect on the effect size. After removing this study, the 
SMD remained significant with persistent extreme het-
erogeneity between studies. Further analyses based on 
the Begg's and Egger's t-tests did not show publication 
bias. Similarly, the “trim-and-fill” method did not identify 
potentially missing studies to be added to the funnel plot 
to ensure symmetry. In meta-regression analysis, only gen-
der was significantly associated with the SMD for PON-1 

activity. This observation is in line with studies in type-2 
diabetes reporting a gender-specific effect on PON-1 activ-
ity [43].

In addition, only European studies detected a significant 
decrease in serum PON-1 activity in psoriatic patients. As 
studies have reported that a paraoxonase-1 gene polymor-
phism significantly affects paraoxanase activity levels in the 
general population [44], our results suggest that the differ-
ences in PON-1 activity might be linked to specific ethnic 
groups.

Although the exact mechanisms responsible for the lower 
serum concentrations of PON-1 activity in psoriasis are 
unclear, the presence of a chronic inflammatory state might 
play an important role. This proposition is supported by 
studies reporting that anti-psoriasis treatment was associated 
with a significant reduction in inflammatory markers and a 
significant increase in PON-1 activity [45]. However, other 
studies have shown negative results. Pektas et al. [46] did 
not report any change in PON-l activity in psoriatic patients 
following 30 phototherapy sessions with UVB narrow-
band lamps. Similarly, Kilic et al. [47] did not observe any 
increase in PON-l activity in psoriatic patients after 8-week 
treatment with methotrexate.

Several PON-l gene polymorphisms may affect PON-l 
activity. One such polymorphism, L55M, involving a 
change of TTG codon into ATG in exon 3 of the gene, has 
been associated with reduced PON-l activity [45]. Notably, 
Asefi et al. [48] reported that this polymorphism increases 
the risk of psoriasis, and its presence is associated with 
higher circulating concentrations of malondialdehyde, 
apoB, lp(a) and apoB/apoAI. Further studies are required 

Fig. 7  Forest plot of studies examining serum ARE values in psoriasis patients and controls according to continent where the study was con-
ducted

Fig. 8  Sensitivity analysis of the association between serum ARE 
values and psoriasis disease. For each study, the displayed effect size 
(hollow circles) corresponds to an overall effect size computed from a 
meta-analysis excluding that study
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to investigate the association between specific PON-l gene 
polymorphisms, PON-l activity and psoriasis.

A reduced PON-1 activity has been observed in several 
chronic inflammatory disease states. In a large prospective 
cohort of patients with atherosclerosis undergoing coro-
nary angiography, those with the lowest PON-1 activity 
had a 3.4 times greater hazard of major cardiovascular 
events compared to those with the highest PON-1 activity 
[49]. Impaired PON-1 activity has also been reported to 
be associated with a higher prevalence of atherosclerotic 
cardiovascular disease in patients with rheumatoid arthritis 
and Alzheimer’s disease [50, 51]. Circulating concentra-
tions of leptin, hs-CRP and IL-6 have been found to be 
significantly associated with PON-1 activity [52]. Further-
more, there is good evidence that PON-1 protects lipids 
against peroxidation by preventing low-density lipoprotein 
oxidation, a critical factor involved in the pathogenesis 
of inflammatory diseases such as atherosclerosis, diabetes 
and cancer [53].

By our data, no significant differences were observed in 
serum ARE activity between patients and controls. However, 
the relatively small number of studies identified prevented 
meta-regression and sub-group analyses to investigate asso-
ciations between SMD values and several study and patient 
characteristics.

Husni et al. [38] showed that both arylesterase and par-
aoxonase activity are lower in psoriatic patients than con-
trols; however, only arylesterase activity correlated with dis-
ease severity in this study. Furthermore, arylesterase activity 
is less likely to be influenced by genetic factors, suggesting 
that it may serve as a more sensitive marker of cardiovascu-
lar risk than paraoxonase in psoriasis [15]. Further experi-
mental and human studies are required to clarify the role of 
arylesterase activity in psoriasis.

The extreme between-study heterogeneity represents a 
limitation of our meta-analysis. However, there was no evi-
dence of publication bias, and the overall effect size was 
not significantly influenced in sensitivity analyses. In addi-
tion, the comprehensive evaluation of the risk of bias and 
the certainty of evidence according to GRADE significantly 
strengthens the conclusion of our study.

The lack of significant associations between study, clini-
cal, and demographic characteristics and the SMD, barring 
the associations between gender and the SMD for PON-1 
activity, suggests that other unreported factors might con-
tribute to the observed heterogeneity. The use of specific 
medications influencing PON-1 activity, such as etanercept 
or methotrexate, was not reported in the studies included 
in the analysis. Other preanalytical and analytical factors, 
such as the time required for sample processing or sample 
storage (different time and temperature), and the protocols 
and procedures of analytical method might also account for 
the heterogeneity.

In conclusion, our systematic review and meta-analysis 
has shown that serum concentrations of PON-1 activity are 
significantly lower in psoriatic patients. Additional prospec-
tive studies are required to investigate the clinical impact 
PON-1 activity in this group.
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