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Abstract

Psoriasis is a chronic immune-mediated skin disorder in which interleukin-17 (IL-17) plays a central role in
disease pathogenesis through the TNF-o/IL-23/IL-17 inflammatory axis. Despite broad consensus on IL-17
elevation in psoriasis, reported circulating levels vary markedly across studies, and the contribution of assay
methodology to this variability remains underexplored. This systematic review and meta-analysis evaluated
circulating IL-17 levels in psoriasis patients compared to healthy controls, with a primary objective of
estimating the pooled effect size and a secondary objective of identifying assay methodology as a potential
driver of inter-study heterogeneity. A systematic search of PubMed and Scopus identified 26 eligible studies
involving 1,466 psoriasis patients and 1,083 healthy controls. The pooled standardised mean difference was 1.22
(95% CI: 0.78 to 1.66, p < 0.001), confirming significantly elevated circulating IL-17 in psoriasis patients.
Substantial heterogeneity was observed (12 = 95.31%), prompting comprehensive moderator analysis. Diagnostic
tool type (ELISA versus non-ELISA) and study sample size emerged as significant moderators, while
geographic region, psoriasis subtype, sex distribution, patient age, and methodological quality score did not
significantly contribute to variability. Sensitivity analysis confirmed the robustness of the pooled estimate, and
no publication bias was detected. Incomplete reporting of disease severity, treatment history, and disease
duration across included studies limited full characterisation of heterogeneity sources. These findings support
the role of IL-17 as a biomarker and therapeutic target in psoriasis, and indicate that assay methodology
represents a key source of variability in circulating 1L-17 measurement. Standardised immunoassay protocols
and comprehensive clinical reporting are needed in future primary research to improve the reliability and
comparability of IL-17 estimates across studies.
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Abstrak

Psoriasis adalah gangguan kulit kronis yang dimediasi oleh sistem imun, di mana interleukin-17 (IL-17)
memainkan peran sentral dalam patogenesis penyakit melalui poros inflamasi TNF-a//L-23/IL-17. Meskipun
terdapat konsensus luas mengenai peningkatan kadar IL-17 pada psoriasis, kadar yang beredar dalam sirkulasi
yang dilaporkan sangat bervariasi antar penelitian, dan kontribusi metodologi pemeriksaan terhadap
variabilitas ini belum banyak diteliti. Tinjauan sistematis dan meta-analisis ini mengevaluasi kadar IL-17
dalam sirkulasi pada pasien psoriasis dibandingkan dengan kontrol sehat, dengan tujuan utama mengestimasi
pooled effect size (ukuran efek gabungan) dan tujuan sekunder mengidentifikasi metodologi pemeriksaan
sebagai faktor potensial penyebab heterogenitas antarpenelitian. Pencarian sistematis pada PubMed dan
Scopus mengidentifikasi 26 penelitian yang memenuhi syarat, yang melibatkan 1.466 pasien psoriasis dan 1.083
kontrol sehat. Pooled standardised mean difference (selisih rerata terstandarisasi gabungan) adalah 1,22 (IK
95%: 0,78 hingga 1,66; p < 0,001), yang mengonfirmasi adanya peningkatan signifikan kadar IL-17 dalam
sirkulasi pada pasien psoriasis. Heterogenitas yang substansial teramati (12 = 95,31%), sehingga mendorong
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dilakukannya analisis moderator yang komprehensif. Jenis alat diagnostik (ELISA versus non-ELISA) dan
ukuran sampel penelitian teridentifikasi sebagai moderator yang signifikan, sedangkan wilayah geografis,
subtipe psoriasis, distribusi jenis kelamin, usia pasien, dan skor kualitas metodologis tidak berkontribusi secara
signifikan terhadap variabilitas tersebut. Analisis sensitivitas mengonfirmasi ketahanan estimasi gabungan
tersebut, dan tidak ditemukan adanya bias publikasi. Pelaporan yang tidak lengkap mengenai tingkat
keparahan penyakit, riwayat pengobatan, dan durasi penyakit pada penelitian-penelitian yang disertakan
membatasi karakterisasi menyeluruh mengenai sumber heterogenitas. Temuan ini mendukung peran IL-17
sebagai biomarker dan target terapeutik pada psoriasis, serta menunjukkan bahwa metodologi pemeriksaan
merupakan sumber utama variabilitas dalam pengukuran kadar IL-17 dalam sirkulasi. Protokol immunoassay
yang terstandarisasi dan pelaporan klinis yang komprehensif diperlukan dalam penelitian primer di masa
mendatang untuk meningkatkan reliabilitas dan komparabilitas estimasi IL-17 antarpenelitian.

Kata kunci: biomarker, ELISA, heterogenitas, interleukin-17, psoriasis
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I. INTRODUCTION

Autoimmune diseases affect around 5% of
the world's population and cause significant
morbidity and mortality." These disorders
arise from aberrant immune responses, in
which the immune system mistakenly targets
self-antigens, leading to tissue damage and
chronic inflammation. Among autoimmune
diseases, psoriasis is one of the most
prevalent immune-mediated skin conditions,
with prevalence varying considerably across
geographic regions and ethnic populations.’
Psoriasis is a chronic inflammatory skin
disorder characterized by dysregulated
interactions between immune cells and
keratinocytes,  resulting in  persistent
inflammation and abnormal epidermal
proliferation. Although it is more frequent in
adults, psoriasis can occur at any age.?
Clinically, psoriasis presents as
erythematous,  well-demarcated,  scaly
plaques that are difficult to cure, prone to
relapse, and substantially impair patients'
quality of life.*

The development of psoriasis involves a
complex interplay between immune cells,
keratinocytes, and a network of pro-
inflammatory  cytokines.” Among these,
interleukin-17 (IL-17) occupies a central
position in  the  TNF-o/IL-23/IL-17
inflammatory axis. IL-17 is primarily
produced by T helper 17 (Thl7) cells,
though other immune cell populations also
contribute.>’ Upon binding to its receptor IL-
17R on Kkeratinocytes, IL-17 drives
keratinocyte hyperproliferation and induces
the release of additional inflammatory
mediators, sustaining the chronic
inflammatory cycle of psoriasis.>®® The
clinical relevance of this pathway is further
supported by the efficacy of IL-17-targeted
biologics, including monoclonal antibodies
against IL-17A and IL-17R, in reducing
plaque burden and systemic
inflammation.****
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Despite broad consensus on IL-17 elevation
in psoriasis, reported circulating levels vary
markedly across published studies, even
among those using nominally similar
methodologies.***®* Inconsistencies  also
persist in the correlation between IL-17
levels and disease severity™*°, attributed to
differences in study populations, psoriasis

subtypes, sample sizes, and specimen
source.t” A critically  underexplored
contributor to this variability is the

measurement methodology itself. The type
of immunoassay employed is known to
affect cytokine quantification. Differences in
antibody  specificity, kit  sensitivity,
calibration  standards, and laboratory
protocols can each produce divergent IL-17
estimates across studies.

Two prior meta-analyses have examined
circulating IL-17 in psoriasis.®* Zhou et
al."® reported elevated IL-17 levels across
nine studies, excluding one study that used a
method other than ELISA, while Liu et al.'®
conducted a broader cytokine analysis with
only eleven studies, which pooled the IL-17,
and without a dedicated moderator analysis
focused on assay methodology. Neither
study  systematically  evaluated  the
contribution of diagnostic tool type to inter-
study heterogeneity, nor did they incorporate
evidence published after 2022. The
moderating role of study-level factors such
as sample size, geographic region, and
psoriasis subtype on the magnitude of IL-17
elevation also remains incompletely
characterized. To address these gaps, we
performed a systematic review and meta-
analysis of circulating IL-17 levels in
psoriasis patients compared to healthy
controls. The primary objective was to
estimate the pooled effect size for IL-17
elevation in psoriasis. The secondary
objective was to evaluate whether ELISA or
non-ELISA assay methodology is a
significant driver of heterogeneity across
studies.
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Il. METHODS

This systematic review and meta-analysis was
conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses 2020 (PRISMA  2020)
guidelines and prospectively registered in the
PROSPERO database (CRD420251000274).

The search was conducted in PubMed and
Scopus to identify relevant studies published
up to March 2025. No restrictions were
applied to publication year or geographic
region. Only studies published in English were
considered. The search strategy combined
terms related to psoriasis (“"Psoriasis vulgaris”
OR "Plague Psoriasis” OR "Psoriasis" OR
"Pustular Psoriasis" OR "Generalized Pustular
Psoriasis” NOT "Psoriatic Arthritis™) with the
cytokine term "Interleukin-17". Unpublished
data, case reports, animal studies, review
articles, conference abstracts, and book
chapters were excluded from consideration.

Studies were eligible for inclusion if they met
all of the following criteria: (i) the case group
consisted of patients with a confirmed
diagnosis of psoriasis; (ii) the control group
consisted of healthy individuals; (iii) 1L-17
levels were measured in peripheral blood
samples; and (iv) the study design was cohort,
case-control, cross-sectional, or observational.
Studies were excluded if they involved: (i)
psoriasis patients who were pregnant, had a
history of cancer or other autoimmune
diseases, or had received psoriasis therapy
within two weeks prior to the study; (ii)
patients diagnosed with psoriatic arthritis; (iii)
IL-17 measurement from non-peripheral blood
samples, such as skin tissue; or (iv) non-
primary study formats, including reviews,
book chapters, case reports, conference
abstracts, and animal studies.

Records retrieved from both databases were
imported into the Rayyan Al web-based
screening tool for title and abstract screening.
Records deemed irrelevant were excluded at
this stage. Full texts of potentially relevant
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studies were subsequently assessed against the
predefined eligibility criteria. The first
reviewer performed the initial screening, and
the second reviewer independently verified all
inclusion and exclusion decisions.
Discrepancies  were  resolved  through
discussion between the two reviewers. Where
consensus could not be reached, a third
reviewer provided the final decision. The
complete study selection process is illustrated
in the PRISMA flow diagram (Fig. 1).

[ Identification of Studies via databases ]

Records identified from 2 databases (n = 3674)
PubMed (n = 58)
Scopus (n = 3616)

l

Duplicate records are removed before

screening (n = 98)
Records screened (n = 3625)

Records excluded by reading titles and
abstracts (n = 3524)

Records sought for retrieval (n = 101) ‘

1

| Full text assessed for eligibility (n = 101) Records excluded (n = 75)
Noii ion about therapy before study
(m=7)
Had received therapy (n = 15)
PsA (n =10)

Other samples (n= 14)

No healthy control (n=6)

No full text (n=1)

No data of IL-17 level (n=22)

[ Identification ]

)

Screening

Records included in meta-analysis (n = 26) |

) |

FIGURE 1. PRISMA FLoOw DIAGRAM.

The methodological quality and risk of bias of
the included studies were independently
quantified by two reviewers using the Joanna
Briggs Institute (JBI) Critical Appraisal
Checklist appropriate for each study design.
Each checklist item was scored categorically
as ‘Yes’ (I point), ‘No’ (0 points), or
‘Unclear’ (0 points). Inter-rater agreement was
statistically evaluated using Cohen’s kappa
coefficient, with any discrepancies resolved
via consensus. To evaluate the impact of study
quality on the pooled estimates, the
cumulative quality scores were converted into
a mathematical proportion of the maximum
attainable score, and a predefined threshold of
>70% was utilized to dichotomize studies into
low and high risk of bias for subsequent
subgroup analyses.



The following data were extracted from each
included study: first author, year of
publication, country, number of psoriasis
patients and healthy controls, psoriasis type,
sex distribution, mean age of participants,
diagnostic method used to measure 1L-17, and
IL-17 levels. IL-17 levels were recorded as
mean = standard deviation (SD) where
available. For studies reporting IL-17 as
median with interquartile range (IQR) or
median with minimum-maximum range, data
were converted to mean and SD using the
Meta-Analysis Accelerator web-based.” Data
extraction was performed by the first reviewer
and verified by the second reviewer, with
discrepancies resolved as described above.

All statistical analyses were performed using
JAMOVI Desktop for Windows (version 2.6),
with the Mean Analysis function in the
MAJOR module. The effect size was
expressed as the standardized mean difference
(SMD) with 95% confidence intervals (CI),
comparing 1L-17 levels between psoriasis
patients and healthy controls. Statistical
heterogeneity was comprehensively evaluated
using the Cochrane Q test, the I? statistic, and
the between-study variance (tau?). A random-
effects model was fitted to the data, utilizing
the restricted maximum-likelihood (REML)
estimator to calculate tau’.  Whenever
heterogeneity was detected tau®> > 0, a 95%
prediction interval for the true outcomes was
provided.

To explore potential sources of heterogeneity,
moderator analyses were conducted using
study-level characteristics as moderating
variables. Categorical moderators included
geographic region (Asia versus others), sex
distribution (proportion of female versus male
participants), psoriasis type (psoriasis vulgaris
versus others), and diagnostic tool (ELISA
versus non-ELISA). Continuous moderators
included mean age of psoriasis patients, JBI
score, and total number of psoriasis patients
per study. The robustness of pooled estimates
was examined through sensitivity analysis, in
which individual studies were sequentially
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omitted to assess their influence on the overall
result. Outliers were identified based on
standardized residuals, and influential studies
were assessed using Cook's distances.
Publication bias and funnel plot asymmetry
were statistically verified using the rank
correlation test and Egger's regression test.

I1l. RESULT

A total of 3,674 records were initially
identified from PubMed and Scopus using
the predefined search strategy. After
removing 98 duplicate records, 3,625 unique
articles were available for screening. During
title and abstract screening, 3,524 records
were excluded as irrelevant, consisting
mainly of review articles, animal studies,
case reports, and studies that did not
investigate 1L-17 in the context of psoriasis.
The remaining 101 full-text articles were
assessed for eligibility. Of these, 75 articles
were excluded. The most common reasons
for exclusion were failure to fulfill the
predefined selection criteria, absence of
information regarding psoriasis therapy prior
to sample collection, and failure to report IL-
17 levels in a usable format (mean = SD,
median with IQR, or median with minimum-
maximum range). One additional study was
excluded because the full text could not be
retrieved. Ultimately, 26 studies fulfilled all
eligibility criteria and were included in the
quantitative synthesis, collectively involving
1,466 psoriasis patients and 1,083 healthy
controls. Detailed characteristics of the
included studies are presented in Table 1.

The methodological quality of the k=26
included studies demonstrated a low overall
risk of bias, with a mean JBI quality score of
p= 94.71% (SD = £7.15%; range: 75% -
100%). Statistically, 100% of the included
studies (n=26) achieved a high-quality score
above the predefined >70% threshold,
indicating a highly robust internal validity
across  the evidence base.  Minor
methodological deficiencies were isolated
and exclusively observed in a few studies,
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such as Wojciechowska et al. (2023), which
presented a lower but acceptable score of

75%. This uniform high-quality profile
confirms that the observed inter-study
heterogeneity =~ was not driven by

discrepancies in methodological rigor, as
further validated by the detailed study-
specific JBI scores presented in Table 1.

The pooled analysis yielded an SMD of 1.22
(95% CI: 0.78 to 1.66, p < 0.001), indicating
that circulating IL-17 levels  were
significantly higher in psoriasis patients than
in healthy controls. The distribution of
individual study effect sizes and the overall
pooled estimate are illustrated in the forest
plot (Fig. 2).
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FIGURE 2. THE FOREST PLOT. THE SMD RESULTS
OF IL-17 LEVELS IN PSORIASIS FROM 26 ARTICLES.

Assessment of between-study variability
revealed substantial heterogeneity, with an 12
value of 9531% and a statistically
significant Cochrane Q test (p < 0.001). As
the 12 value exceeded 50%, a random-effects
model was applied to account for both
within-study and between-study variance.
Accordingly, a 95% prediction interval for
the true outcomes was evaluated, yielding a
range from -1.0007 to 3.4362.

Moderator analysis was performed to explore
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potential  sources of the observed
heterogeneity. Four categorical moderators
were examined: geographic region (Asia
versus others), sex (female versus male),
psoriasis type (psoriasis vulgaris versus
others), and diagnostic tool (ELISA versus
non-ELISA). Three continuous moderators
were also examined: mean age of psoriasis
patients, JBI score, and total number of
psoriasis patients per study. Due to
incomplete reporting of sex and age data
across studies, these two moderators were
examined using a reduced set of studies.

Among the categorical  moderators,
geographic region did not significantly
moderate the association (p = 0.995; 12 =
95.45%). Sex distribution showed no
significant moderation (p = 0.431; 12 =

95.63%), nor did psoriasis type (p = 0.904; |2
= 95.46%). Among continuous moderators,
the mean age of psoriasis patients was not a
significant moderator (p = 0.312; 12 =
95.4%), and JBI score similarly showed no
meaningful contribution (p = 0.282; I2 =
95.28%).

In contrast, diagnostic tool type was a
significant moderator (p = 0.011; 2 =
94.32%), with  ELISA-based  studies
reporting larger effect sizes than non-ELISA
studies. The pooled effect size of the ELISA-
based studies, after excluding the non-
ELISA studies, is an SMD of 1.44 (95% CI:
0.98 to 1.89; p < 0.001; I? = 95.03%). The
pooled effect size of the non-ELISA-based
studies, after excluding the ELISA-based
studies, is an SMD of -0.01 (95% CI: -0.58
to 0.55; p = 0.959; I? = 75.12%). The total
number of psoriasis patients per study also
emerged as a significant moderator (p =
0.005; 12 = 93.68%), suggesting that study
sample size contributed to variability in
observed effect sizes.

Sensitivity analysis was conducted by
sequentially omitting individual studies.
Based on standardized residuals, no study
exceeded a value of +3.1019, indicating the



absence of statistical outliers. Based on
Cook's distances, one study (Wang X-Y et
al., 2017 *) was identified as potentially
influential. Exclusion of this study did not
materially alter the pooled effect size,
supporting the robustness of the overall
findings.

Publication bias was assessed using Egger's
regression test and visual inspection of the
funnel plot. The Egger's regression intercept
was -0.356 (p = 0.722), exceeding the
threshold of p > 0.1. Funnel plot inspection
revealed no apparent asymmetry (Fig. 3).
These results indicate no evidence of
publication bias in the present meta-analysis.

FIGURE 3. THE FUNNEL PLOT

1VV. DISCUSSION

Psoriasis is a chronic immune-mediated skin
disorder with a multifactorial etiology, in
which the interplay between genetic,
epigenetic, and environmental factors
triggers immune dysregulation and activates
pro-inflammatory pathways.” Among these,
the TNF-o/IL-23/IL-17 axis is one of the
most  extensively studied in psoriasis
pathogenesis. IL-17 acts as a downstream
effector in this axis, directly interacting with
keratinocytes to induce hyperproliferation
and excessive production of inflammatory
mediators, which manifest clinically as
thickened, scaly plaques. This mechanistic
understanding has informed the development

Heme, Vol VIIINo3 234
September 2026
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including inhibitors that block IL-17 binding
to its receptor on keratinocytes.?

The present meta-analysis confirms that
circulating IL-17 levels are significantly
elevated in psoriasis patients compared to
healthy controls, with a pooled SMD of 1.22
(95% CI: 0.78 to 1.66, p < 0.001). These
findings are consistent with two prior meta-
analyses that similarly reported elevated
circulating 1L-17 in psoriasis."®*® The
present analysis, however, extends this
evidence base in two important respects.
First, it incorporates a larger number of
studies (26 studies) and a broader patient
population (1,466 psoriasis patients) than
either prior analysis. Second, and more
critically, it is the first to systematically
evaluate assay methodology as a categorical
moderator of heterogeneity, identifying
diagnostic tool type as a significant
contributor to inter-study variability. The
geographic diversity of included studies,
spanning Asia, Africa, the Americas, and
Europe, further strengthens the
generalisability of the pooled estimate.

The substantial heterogeneity observed in
this meta-analysis (12 = 95.31%) warrants
careful interpretation of the pooled SMD.
Although a random-effects model was
applied to account for between-study
variance, an |2 of this magnitude indicates
that the true effect size likely varies
considerably across studies. The sources of
this variability were therefore examined
through a comprehensive moderator analysis.

Among the moderators evaluated, diagnostic
tool type emerged as a significant contributor
to heterogeneity (p = 0.011), with ELISA-
based studies reporting larger effect sizes
and being the primary driver of
heterogeneity, whereas non-ELISA-based
studies showed smaller effect sizes and less
heterogeneity. This finding is consistent with
evidence that cytokine quantification is
highly sensitive to assay-related factors,
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including antibody specificity, kit sensitivity,
calibration  curve parameters, sample
preparation procedures, and inter-laboratory
protocols.**  Whether these assay-related
differences account for the full magnitude of
tool-dependent variability observed across
the included studies warrants further
investigation.

The total number of psoriasis patients per
study also emerged as a significant
moderator (p = 0.005). Studies with smaller
sample sizes tended to report larger effect
sizes, consistent with well-documented
small-study effects in meta-analytic literature
(251 Whether this pattern reflects genuine
biological variability in smaller study
populations or methodological instability in
underpowered designs remains an open
question in the interpretation of IL-17 data
across studies.

By contrast, geographic region, psoriasis
type, sex distribution, mean patient age, and
JBI methodological quality score did not
significantly moderate the association
between IL-17 levels and psoriasis. The
absence of a significant regional or disease-
subtype effect suggests that I1L-17 elevation
may represent a consistent biological feature
of psoriasis regardless of geographic
background or clinical variant.?®?’ The non-
significant  contribution of JBI score
indicates that the observed heterogeneity was
not primarily attributable to differences in
study quality, though this finding does not
diminish the importance of rigorous study
design in primary research.

Several moderators of potential clinical
relevance could not be fully assessed due to
incomplete reporting across included studies.
Variables such as disease duration, severity
indices, prior systemic or biologic therapy,
and comorbid inflammatory conditions were
not consistently reported.'2141217:2.28-48 Aq
these factors are known to influence cytokine
expression®®®, their absence limits the
ability to fully characterize sources of
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heterogeneity and may affect the precision of
the pooled estimate. The extent to which
these unreported variables contributed to the
residual heterogeneity observed in this
analysis cannot be determined from the
available data.

The robustness of the pooled findings was
supported by sensitivity analysis. Sequential
omission of individual studies did not
materially alter the overall effect size, and no
statistical outliers were identified based on
standardized residuals. Wang X-Y et al.
2017%* was identified as a potentially
influential study based on Cook's distances;
however, its exclusion did not change the
direction or significance of the pooled
estimate.

From a clinical standpoint, the confirmed
elevation of circulating IL-17 in psoriasis
strengthens the rationale for IL-17-targeted
therapy.”®*!  IL-17  inhibitors  have
demonstrated efficacy in reducing plaque
severity’>>®, improving quality of life>*, and
attenuating systemic inflammation.>**®. It
remains  unclear,  however,  whether
circulating IL-17 levels consistently correlate
with disease severity, therapeutic response,
or long-term prognosis, which represents an
important gap in the current evidence base.

The variability in IL-17 estimates observed

across  studies also  raises  broader
considerations  for  clinical  practice.
Standardized measurement protocols,

including consistent ELISA kit calibration
and uniform sample processing procedures,
are necessary to ensure that circulating 1L-17
assessments are reliable and comparable
across settings. How stratification by age,
sex, psoriasis subtype, and treatment history
might further clarify IL-17 dynamics in
future studies remains to be examined.

Several limitations of the present meta-
analysis should be acknowledged. The
reliance on published data meant that studies
with incomplete IL-17 reporting could not be



included, which may have introduced
selection  bias. The high  residual
heterogeneity not explained by the examined
moderators suggests that additional sources
of  variability  remain unidentified.
Longitudinal data on IL-17 trajectories in
relation to disease course and treatment
response were also unavailable from the
included cross-sectional and case-control
studies. Future meta-analyses incorporating
individual patient data and standardized
cytokine measurement protocols would be
better positioned to address these gaps.
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TABLE 1. CHARACTERISTICS OF 26 RESEARCH STUDIES

Healthy Controls

Psoriasis Patients

Author Year Region Psoriasis Diagnostic  JBI el
Type Tools ~ Score  p  |L-17 level (pg/ml) Age Male Female n IL(;)lg?m?I\)/e

Arican O etal[28] 2005 Turkey PV ELISA 875 23 74+3,76 354155 18 12 30 83+3,8
Choe YB et al[29] 2012 i‘;‘fel; PV Other 875 15 3742 363+ 14 41 30 71 6,4+9,1
;1[11“;? SB et 2012 Tutkey  PsO ELISA 875 50 44+4]1 399+149 36 34 70 6,64+8
fl[y,ofgﬁkou Act 2014 Greece PV ELISA 100,0 32  1,8+281 4453+156 9 23 32 2,67+346
Xuan M etal[31] 2015  China PV Other 100,0 20 37,04+ 71,24 37.011+12,82 42 20 62 7.44+758
zﬁgg?ou Cet 2015 Greece PV Other 1000 20 0 47+ 16 2 7 35 91.8+2912
Roh NK etal[33] 2015 Isgiteg PsO Other 87,5 10  1,42+2736 36,6+ 14,2 - - 68  1,73+323
gl[llvla“a PSSDet 9615 Brazii PV ELISA 1000 35 39+0° 5024133 30 23 53 88542+ 778.17°
Chhabra § et 2016 North oy ELISA 875 24 131+1,00 3754135 27 7 34 1814163
al[34] India
Lesiak Aetal[35] 2016 Poland  PPP ELISA 875 29  0,75+1,72 51.8 0 20 20 244,13
AbbasTetal[36] 2016 Iraq PsO ELISA 100,0 60  22,7+4.96 - 29 31 60 346,02 + 273,46

ajagdeta ndia s ,69 £ 0, - - O3+ 1,
Bajaj Setal[37] 2017  Indi PV ELISA 100,0 30 1,69+ 045 37 30 2,53+ 1,69
fffgg]g Y-Zet 2017  China PV ELISA 100,0 175 8,14+1,79 39.5+ 12,7 120 74 194 16,82 +4,37

_ Psoriasis  Diagnostic  JBI Healthy Controls Psoriasis Patients
Author Year  Region IL-17 level
Type Tools Score p IL-17 level (pg/ml)  Age Male Female n (pg/ml)

:}’[a‘znlg] XY et 2017 China PV ELISA 100,0 109 16,52+ 6,54 36,7+1007 106 83 189 80,79 + 20,84
Morsy Hetal[12] 2019  Egypt PV ELISA 100,0 50  32,5+12,82° 40,75+154 28 17 55 128,03 + 187.2°
zﬁgg? NAet 2020  Egypt PV ELISA 100,0 60  151+2,1 489+ 1,6 32 28 60  25,7+38
Michalak-Stoma 2020  Poland PV ELISA 100,0 20  3,06+1,19 50,14+ 14,51 21 0 21 424+3,69
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Aet al[15]
fll['i%‘]’my Met 2020  Egypt PV ELISA 100,0 20 17,53 +£347° 41841225 15 5 20 26,35+385
Borsky Pet al[41] 2021 %ﬁ)hc PV ELISA 100,0 28 17,52 +3,09° 44,07 +35,15 17 11 28 23,08+5,55°
Wang Hetal[42] 2021  China PsO ELISA 100,0 20  68,9+11,92 4754336 21 15 36 237,28 115,65
Wang Y etal[43] 2022  China PV ELISA 100,0 50  0,32+0,12 45471234 28 27 55 0,82+0,29
fll[]ﬁia AMeet 2022  Egypt PsO ELISA 100,0 40  63,4+20,1 4548+ 1435 22 18 40 2437+ 88,04
Z?Z;a]‘r Adet 2022  Egypt PV ELISA 100,0 40  170.100+22.600  42,3+13,7 28 12 40 212.700 = 97.100
Rajasckharan Aet 5,5 South PsO ELISA 100,0 45  4,12+2,19° 413+ 12,6 35 10 45 7,22+5,68
al[46] India
ﬁ"éf;"i‘[’i‘;’]‘” ska 9023 Poland  PsO ELISA 750 30 29.925+8.063" 445 37 33 70 63.350 +16.372°
g?zg]v aMet 2024 Bulgaria PV ELISA 100,0 48 2,16+ 0,95 52,85+ 10,81 30 18 48 5,02+2,54°

PV for Psoriasis Vulgaris or Plaque Psoriasis; PsO for Psoriasis; PPP for Pustular Palmoplantar Psoriasis; n indicates number; age is presented as mean + SD in years; IL-
17 levels are presented as mean + SD in pg/ml. Decimals are expressed using a comma. Data transformation used Meta-Analysis Accelerator [20]. *Median and IQR range
used Interquartile Range (IQR) to Mean & Standard Deviation (SD) type of Meta-Analysis Accelerator. "Median and minimum-maximum range used Median & Range to
Mean & Standard Deviation (SD) type of Meta-Analysis Accelerator.
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V. CONCLUSIONS

The present systematic review and meta-
analysis demonstrates that circulating I1L-17
levels are significantly elevated in psoriasis
patients compared to healthy controls, with a
pooled SMD of 1.22 (95% CI: 0.78 to 1.66, p
< 0.001) across 26 studies involving 1,466
psoriasis patients and 1,083 healthy controls.
This finding is consistent with the
established role of IL-17 in the TNF-o/IL-
23/IL-17 inflammatory axis and supports its
consideration as a biomarker for disease
presence and a target for therapeutic
intervention.

Beyond confirming IL-17 elevation, this
analysis identified assay methodology and
study sample size as significant moderators
of inter-study heterogeneity, with ELISA-
based studies yielding larger effect sizes and
heterogeneity than non-ELISA studies.
Geographic region, psoriasis subtype, sex
distribution, patient age, and methodological
quality score did not significantly contribute
to  variability. Substantial residual
heterogeneity (12 = 95.31%) nonetheless
persisted, partly attributable to incomplete
reporting of clinically relevant variables such
as disease severity, treatment history, and
disease duration across included studies.
Future primary research incorporating
standardized immunoassay protocols and
comprehensive clinical reporting will be
essential to address these gaps.

REFERENCES

[1] Sundaresan B, Shirafkan F, Ripperger K, et al.
The Role of Viral Infections in the Onset of
Autoimmune Diseases. Viruses 2023; 15: 782.

[2] Orzan OA, Tutunaru CV, lanosi SL.
Understanding the Intricate Pathophysiology of
Psoriasis and Related Skin Disorders. Int J Mol
Sci 2025; 26: 749.

[3] Singh S, Kalb RE, de Jong EMGJ, et al. Effect
of Age of Onset of Psoriasis on Clinical
Outcomes with Systemic Treatment in the
Psoriasis Longitudinal Assessment and Registry
(PSOLAR). Am J Clin Dermatol 2018; 19: 879—
886.

[4] Chen Y, Wei L, Song Y, et al. Life quality
among psoriasis patients based on Dermatology

Email : heme@unbrah.ac.id

(5]

6]

[7]

(8]

[0]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Life Quality Index evaluation and its association
with psoriasis severity in China: a cross-
sectional study. Ann Med; 55: 2231847.
Sieminska I, Pieniawska M, Grzywa TM. The
Immunology of Psoriasis—Current Concepts in
Pathogenesis. Clin Rev Allergy Immunol 2024;
66: 164-191.

McGeachy MJ, Cua DJ, Gaffen SL. The IL-17
family of cytokines in health and disease.
Immunity 2019; 50: 892—-906.

Man A-M, Orasan MS, Hoteiuc O-A, et al.
Inflammation and Psoriasis: A Comprehensive
Review. Int J Mol Sci 2023; 24: 16095.

Chhabra S, Dogra S, Sharma K, et al. Recent
Update on Immunopathogenesis of Psoriasis.
Indian J Dermatol 2022; 67: 360—373.

Brembilla NC, Senra L, Boehncke W-H. The IL-
17 Family of Cytokines in Psoriasis: IL-17A and
Beyond. Front Immunol 2018; 9: 1682.

Hawkes JE, Yan BY, Chan TC, et al. Discovery
of the IL-23/IL-17 Signaling Pathway and the
Treatment of Psoriasis. J Immunol 2018; 201:
1605-1613.

Berry SPD-G, Dossou C, Kashif A, et al. The
role of IL-17 and anti-IL-17 agents in the
immunopathogenesis and management  of
autoimmune and inflammatory diseases. Int
Immunopharmacol 2022; 102: 108402.

Morsy H, Hasaballa A, Awad S. Interleukin-17
levels in patients with psoriasis with or without
metabolic syndrome. J Egypt Womens Dermatol
Soc 2019; 16: 164.

Sobhan M, Ghasemi Basir HR, Seif Rabiee MA,
et al. Serum level of interleukin-17 in patients
with psoriasis. Immunopathol Persa 2022; 1.
Oliveira PSSD, Cardoso PRG, Lima EVDA, et
al. IL-17A, IL-22, IL-6, and IL-21 Serum Levels
in Plaque-Type Psoriasis in Brazilian Patients.
Mediators Inflamm; 2015. Epub ahead of print
January 2015. DOI: 10.1155/2015/819149.
Michalak-Stoma A, Bartosinska J, Kowal M, et
al. IL-17A in the Psoriatic Patients’ Serum and
Plague Scales as Potential Marker of the
Diseases Severity and Obesity. Mediators
Inflamm 2020; 2020: 7420823.

Hong D, Liu X, Qiu X, et al. Profiling Serum
Cytokines and Anticytokine Antibodies in
Psoriasis Patients. J Immunol Res 2022; 2022:
2787954,

Yilmaz SB, Cicek N, Coskun M, et al. Serum
and tissue levels of IL-17 in different clinical
subtypes of psoriasis. Arch Dermatol Res 2012;
304: 465-469.

Liu X-Q, Zhou P-L, Yin X-Y, et al. Circulating
inflammatory cytokines and psoriasis risk: A
systematic review and meta-analysis. PLOS
ONE 2023; 18: €0293327.

Zhou XY, Bao J, Huang B, et al. Association
between plasma interleukin-17 levels and risk of



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

psoriasis: a meta-analysis. Clin Exp Dermatol
2017; 42: 161-166.

Abbas A, Hefnawy MT, Negida A. Meta-
analysis accelerator; a comprehensive tool for
statistical data conversion in systematic reviews
with meta-analysis. BMC Med Res Methodol
2024; 24: 243.

Wang X-Y, Chen X-Y, Li J, et al. MiR-200a
expression in CD4+ T cells correlates with the
expression of Thl17/Treg cells and relevant
cytokines in psoriasis vulgaris: A case control
study. Biomed Pharmacother 2017; 93: 1158-
1164.

Antonatos C, Grafanaki K, Asmenoudi P, et al.
Contribution of the Environment, Epigenetic
Mechanisms and Non-Coding RNAs in
Psoriasis. Biomedicines 2022; 10: 1934.

ten Bergen LL, Petrovic A, Krogh Aarebrot A, et
al. The TNF/IL-23/IL-17 axis—Head-to-head
trials comparing different biologics in psoriasis
treatment. Scand J Immunol 2020; 92: e12946.
Knight V, Long T, Meng QH, et al. Variability
in the Laboratory Measurement of Cytokines.
Epub ahead of print 1 October 2020. DOI:
10.5858/arpa.2019-0519-CP.

Song F, Khan KS, Dinnes J, et al. Asymmetric
funnel plots and publication bias in meta-
analyses of diagnostic accuracy. Int J Epidemiol
2002; 31: 88-95.

Brembilla NC, Boehncke W-H. Revisiting the
interleukin 17 family of cytokines in psoriasis:
pathogenesis and potential targets for innovative
therapies. Front Immunol 2023; 14: 1186455.
Rendon A, Schédkel K. Psoriasis Pathogenesis
and Treatment. Int J Mol Sci 2019; 20: 1475.
Arican O, Aral M, Sasmaz S, et al. Serum Levels
of TNF-a, IFN-y, IL-6, IL-8,IL-12, IL-17, and
IL-18 in Patients With Active Psoriasis
andCorrelation ~ With  Disease  Severity.
Mediators Inflamm 2005; 2005: 273-279.

Choe YB, Hwang YJ, Hahn HJ, et al. A
comparison of serum inflammatory cytokines
according to phenotype in patients with
psoriasis: Inflammatory cytokines and psoriasis
phenotype. Br J Dermatol 2012; 167: 762—767.
Kyriakou A, Patsatsi A, Vyzantiadis T-A, et al.
Serum Levels of TNF-a, 1L-12/23p40, and IL-17
in Plaque Psoriasis and Their Correlation with
Disease Severity. J Immunol Res 2014; 2014:
467541.

Xuan M, Lu C, Han L, et al. Circulating levels of
inflammatory cytokines in patients with psoriasis
vulgaris of different Chinese medicine
syndromes. Chin J Integr Med 2015; 21: 108-
114,

Fotiadou C, Lazaridou E, Sotiriou E, et al. IL-
17A, 1L-22, and IL-23 as Markers of Psoriasis
Activity: A Cross-sectional, Hospital-based
Study. J Cutan Med Surg 2015; 19: 555-560.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Heme, Vol VIII No 3
September 2026

240

Roh NK, Han SH, Youn HJ, et al. Tissue and
Serum Inflammatory Cytokine Levels in Korean
Psoriasis Patients: A Comparison between
Plague and Guttate Psoriasis. Ann Dermatol
2015; 27: 738.

Chhabra S, Narang T, Joshi N, et al. Circulating
T-helper 17 cells and associated cytokines in
psoriasis. Clin Exp Dermatol 2016; 41: 806-810.
Lesiak A, Bednarski I, Patczynska M, et al. Are
interleukin-15 and -22 a new pathogenic factor
in pustular palmoplantar psoriasis?  Adv
Dermatol Allergol 2016; 5: 336-339.

Abbas I, Al-Mohana A, Al-Dhalimi M, et al.
Cytokine Serum Level Association with
Superantigen Production by Staphylococcus
aureus in Psoriasis vulgaris. Res J Pharm Biol
Chem Sci 2016; 7: 172-180.

Bajaj S, Gautam RK, Khurana A, et al. Effect of
narrow band ultraviolet B phototherapy on T
helper 17 cell specific cytokines (interleukins-
17, 22 and 23) in psoriasis vulgaris. J Dermatol
Treat 2017; 28: 14-17.

Zheng Y-Z, Chen C-F, Jia L-Y, et al. Correlation
between microRNA-143 in peripheral blood
mononuclear cells and disease severity in
patients with psoriasis wvulgaris. Oncotarget
2017; 8: 51288-51295.

Fouad NA, Akl EM, Ahmed SH. Association of
Genetic Variants of the Interleukin- 17F
rs763780 and its Circulating Level in Psoriasis
Patients in Egypt. Egypt J Immunol 2020; 27(2):
39-46.

El-Komy M, Amin |, El-Hawary MS, et al.
Upregulation of the miRNA-155, miRNA-210,
and miRNA-20b in psoriasis patients and their
relation to IL-17. Int J Immunopathol
Pharmacol; 34. Epub ahead of print January
2020. DOI: 10.1177/2058738420933742.
Borsky P, Chmelarova M, Fiala Z, et al. Aging
in psoriasis vulgaris: female patients are
epigenetically older than healthy controls.
Immun Ageing; 18. Epub ahead of print

December 2021. DOI: 10.1186/s12979-021-
00220-5.
Wang H, Wang S, Li L, et al. Involvement of the

cytokine  TWEAK in the pathogenesis of
psoriasis vulgaris, pustular psoriasis, and
erythrodermic psoriasis. Cytokine 2021; 138:
155391.

Wang Y, Jiang F, Chen F, et al. LncRNA XIST
Engages in Psoriasis via Sponging miR-338-5p
to Regulate Keratinocyte Proliferation and
Inflammation. Skin Pharmacol Physiol 2022; 35:
196-205.

Elbana AM, Elgamal E, Hashim O, et al. Pro-
inflammatory versus anti-inflammatory
cytokines in psoriatic patients (case—control
study). J Cosmet Dermatol 2022; 21: 6302—
6307.

Health and Medical Journal



241

[45]

[46]

[47]

[48]

[49]

[50]

[51]

HEME, Vol VIII No 3
September 2026

Nassar AA, Bakr NM, Elyousefi EHI, et al.
Serum immunoglobulin E and Interleukin-17
levels in patients with chronic plaque psoriasis:
A CASE-CONTROL study. J Cosmet Dermatol
2022; 21: 6377-6384.

Rajasekharan A, Munisamy M, Menon V, et al.
Stress and psoriasis: Exploring the link through
the prism of hypothalamo-pituitary-adrenal axis
and inflammation. J Psychosom Res 2023; 170:
111350.

Wojciechowska M, Scibior K, Betyna-Biatek M,
et al. The Unknown Role of Periostin in
Psoriatic Epidermal Hyperplasia. Int J Mol Sci
2023; 24: 16295.

Ganeva M, Tsokeva Z, Gancheva T, et al. Serum
concentrations of 25-OH vitamin D and the pro-
inflammatory interleukins 1L-17, IL-23, and IL-
18 in patients with plaque psoriasis. Biomed Pap
2024; 168: 124-131.

Wang Q, Yan D, Zheng S, et al. Cytokine
Profiles and the Relationship of Disease Severity
in Patients with Psoriasis. Indian J Dermatol
2022; 67: 204.

Florian T-L, Florian I-A, Vesa SC, et al.
Inflammatory Cytokines and Clinical Outcome
Following Biological Therapy in Adult Bio-
Naive Psoriasis Patients. Curr Issues Mol Biol
2024; 46: 7719-7729.

Shaikh MA, Hague Z, Haque A, et al. Protein
targets & therapeutics in psoriasis: toward

Email : heme@unbrah.ac.id

[52]

[53]

[54]

[55]

[56]

personalization.
164: 115331.
Kruczek W, Fratczak A, Litwinska-Inglot I, et
al. Comparative Analysis of the Long-Term
Real-World Efficacy of Interleukin-17 Inhibitors
in a Cohort of Patients with Moderate-to-Severe
Psoriasis Treated in Poland. J Clin Med 2025;
14:5421.

Mclinnes 1B, Coates LC, Mease PJ, et al.
Sonelokimab, an  IL-17A/IL-17F-inhibiting
nanobody for active psoriatic arthritis: a
randomized, placebo-controlled phase 2 trial.
Nat Med 2025; 31: 4160-4171.

AlMutairi N, Eassa Bl. Comparing the efficacy
and safety of IL-17 inhibitors for treatment of
moderate-to-severe psoriasis: a randomized
double blind pilot study with a review of
literature. Adv Dermatol Allergol Dermatol
Alergol 2021; 38: 281-288.

Demirel Ogiit N, Ayanoglu MA, Kog Yildirim S,
et al. Are IL-17 inhibitors superior to 1L-23
inhibitors in reducing systemic inflammation in
moderate-to-severe  plaque  psoriasis? A
retrospective cohort study. Arch Dermatol Res
2025; 317: 232.

Krueger JG, Brunner PM. Interleukin-17 alters
the biology of many cell types involved in the
genesis of psoriasis, systemic inflammation and
associated comorbidities. Exp Dermatol 2018;
27:115-123.

Int Immunopharmacol 2025;



