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Abstract

Plasmatic presepsin (PSP) is a novel biomarker reported to be useful for sepsis diagnosis and prognosis. During the pandemic,
only few studies highlighted a possible correlation between PSP and COVID-19 severity, but results remain inconsistent.
The present study aims to establish the correlation between PSP and COVID-19 severity. English-language papers assessing
a correlation between COVID-19 and PSP from MEDLINE, PubMed, Google Scholar, Cochrane Library, MeSH, LitCovid
NLM, EMBASE, CINAHL Plus and the World Health Organization (WHO) website, published from January 2020 were
considered with no publication date limitations. Two independent reviewers performed data abstraction and quality assess-
ment, and one reviewer resolved inconsistencies. The protocol was registered on PROSPERO (CRD42022325971).Fifteen
articles met our eligibility criteria. The aggregate study population included 1373 COVID-19 patients who had undergone
a PSP assessment. The random-effect meta-analysis was performed in 7 out of 15 selected studies, considering only those
reporting the mean PSP levels in low- and high-severity cases (n=707).The results showed that the pooled mean difference
of PSP levels between high- and low-severity COVID-19 patients was 441.70 pg/ml (95%CI: 150.40-732.99 pg/ml).Our
data show that presepsin is a promising biomarker that can express COVID-19 severity.
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millions of deaths [1, 2]. In February 2020, the World Health
Organization designated the disease COVID-19 (coronavirus
disease 2019), and different rates of mortality have been
reported [3, 4]. Although many hypotheses have been pro-
posed about its origin, the direct ancestral virus has not been
identified yet [5, 6].

The clinical features of COVID-19 range from asympto-
matic condition to severe/fatal lung injury and multi-organ
failure due to an excessive immune response. Several risk
factors for COVID-19 severity have been identified, namely
a) “life-style factors” (e.g., obesity and smoking habit); b)
demographic factors (e.g., age, male gender, post-menopau-
sal status); and c) comorbidities (e.g., hypertension, coro-
nary artery disease (CAD), diabetes, cerebrovascular disease
(CVD), chronic kidney disease (CKD) and chronic obstruc-
tive pulmonary disease (COPD) [7]. Common complications
of COVID-19 include acute respiratory distress syndrome
(ARDS), acute kidney and liver dysfunctions, delirium/
encephalopathy, thrombosis and cardiac damage (e.g., car-
diomyopathy, arrhythmias and sudden cardiac death) [1].

Despite remarkable findings have been achieved since
the beginning of the pandemic, an early identification and
management of this novel coronavirus related disease is
still limited. Since patients affected by COVID-19 may rap-
idly worsen and no effective antiviral therapy for SARS-
CoV-2 infection has been found yet, an early identification
of patients’ severity (through an effective and valuable
biochemical marker) is key to guide the intensity of care
and guarantee cardiorespiratory function [8]. In this regard,
many efforts have been devoted to researching easily acces-
sible biomarkers predicting COVID-19 severity.

Plasmatic presepsin (PSP) is a soluble N-terminal frag-
ment of the cluster of differentiation marker protein 14
(CD14) reported to be a novel biomarker in sepsis [9, 10].
Indeed, as a glycoprotein expressed on monocytes and
macrophages, CD14 is a receptor for the lipopolysaccha-
ride (LPS)-LPS binding protein complexes, which is able
to activate a series of signal transduction pathways lead-
ing to systemic inflammatory response. So far, two distinct
forms of CD14 have been characterized, i.e., a membrane-
bound (mCD14) and a soluble CD14 (sCD14). The sCD14
plays an essential role in mediating the immune responses
to LPS of CD14-negative cells, such as endothelial and epi-
thelial cells. During inflammatory stress, sCD14 is cleaved
by plasmatic proteases which generate a truncated form of
64 aminoacidic residues of 13 kDa referred to as sCD14
subtype (sCD14-ST) or PSP [11, 12]. Since 2015, several
studies have shown that PSP is not only useful for sepsis
diagnosis [11-13], but also predicts the severity of this con-
dition [14, 15]. A recent research highlighted that sepsis
and SARS-CoV-2 infection share many immunopathological
and pathophysiological similarities [16]. Therefore, it was
recently postulated that elevated levels of PSP could predict
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the outcome of patients with SARS-CoV-2 infection [17,
18]. The relationship between PSP and COVID-19 severity
is known, although not well detailed and comprehensively
evaluated [17-31]. Thus, we conducted a systematic review
and meta-analysis aimed at establishing the role of PSP in
assessing SARS-CoV-2 infection severity.

Methods
Systematic review and meta-analysis

This paper has been performed following the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) [32] and Meta-analysis of Observational
Studies in Epidemiology (MOOSE) guidelines and check-
lists [33]. The protocol was registered on PROSPERO
(CRD42022325971).

Data sources and searches

A literature search for relevant documents was performed in
the following sources: MEDLINE, PubMed, Google Scholar,
Cochrane Library, MeSH, LitCovid NLM, EMBASE,
CINAHL Plus, and the World Health Organization (WHO)
website. Items published from January 2020 were consid-
ered. No publication date limitations have been established.
The used search strategy included the following Medical
Subject Heading terms and keywords: (“Coronavirus” OR
“Coronaviridae” OR “nCoV” OR “Coronavirus Infections”
OR “COVID-19” OR “severe acute respiratory syndrome
coronavirus 2” AND (“human presepsin protein” OR “Pre-
sepsin” OR “Plasmatic presepsin” OR “PSP” OR “sCD14-
ST”). Only studies that involved humans, and were written
in English, were included.

Study selection

The systematic review was performed comprehending pro-
spective and retrospective studies, pooled analysis, cross-
sectional studies and case series. A study was eligible for
inclusion in this review if: (a) participants were affected
by SARS-CoV-2 infection, confirmed through polymerase
chain reaction testing of nasopharyngeal swab; (b) PSP
levels were assessed within 7 days from the admission to
the Emergency Department; (c) severe COVID-19 was
defined as follows: SpO2 <94% on room air and/or PaO2/
FiO2 <300 and/or respiratory rate > 30 breaths/minute and/
or lung infiltrates > 50% [8-34]; (d) the outcome was meas-
ured in terms of mechanical ventilation requirement or inten-
sive care admission or mortality; (e) correlation between
PSP levels and disease severity was assessed (see Fig. 1 for
recruitment and exclusion criteria).
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Fig. 1 PRISMA 2020 flowchart
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Studies included in review

The meta-analysis was performed comparing studies
which expressed mean PSP levels, standard deviation (SD)
and number of patients in two subgroups: experimental
group (i.e., high-severity SARS-CoV-2 infection) vs. control
group (i.e., low-severity disease).

Two independent reviewers (MG and BP) screened
blindly the titles and abstracts of the identified documents
and, for the record selected at this first step, retrieved and
evaluated full manuscripts and appendices. Disagreements
and inconsistencies were resolved by consensus and arbitra-
tion with a third reviewer (FR).

Data extraction and quality assessment

Two investigators (MG and BP) independently abstracted
and recorded data, using standardized data abstraction
form (Excel spreadsheet). The researchers were blinded
to each other decisions. Extracted data included: study

duration; study design; mean age; sex; sample size; numer-
osity of the two subgroups (when available); mean and SD
of PSP levels in experimental and control group; time of
PSP assessment and mortality. We did not contact study
authors if data pertaining PSP levels or disease severity
were not recorded. The quality assessment of the included
studies has been performed following the NIH Quality
Assessment Tool for Observational Cohort and Cross-Sec-
tional Studies [35]. Each study was evaluated according
to a standardized set of predefined criteria consisting of
14 items, mainly exploring the following domains: study
population, exposure and outcome (Table 2). Each item
was rated as positive, negative or not available. Two inde-
pendent reviewers scored each article for quality and any
scoring inconsistencies were resolved by discussion and
consensus between the two reviewers.
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Data synthesis and analysis

The meta-analysis was performed using the meta package
of R statistical program (version 4.0.5) [36]. Mean serum
levels of PSP and Standard Deviation (SD) in high- and low-
severity patient groups were collected from the 7 out of 15
selected studies according to the data availability. Through
a random-effect meta-analysis was performed to estimate
the pooled mean difference and 95% confidence interval
(95%CI) of serum levels of PSP between the high and low
severity patients. Statistical heterogeneity was evaluated
through Chi-squared test and expressed as I statistic of the
proportion of total variation. A p value <0.10 was consid-
ered statistically significant, and an I? statistic > 75% indi-
cated a high grade of heterogeneity. The publication bias
of the selected studies was assessed both graphically and
quantitatively, through test for asymmetry of funnel plots
and Egger’s regression test, respectively. As a sensitivity
analysis, we repeated our analysis after excluding those
studies that could determine publication bias in light of the
graphical evaluation of the funnel plot.

Role of the funding source

No funding sources have been used to produce this
manuscript.

Results
Literature search results

A total of 573 studies were identified through database
searching (273 from PubMed, 55 from MEDLINE, 24 from
MESH, 22 from EMBASE, 35 from CINAHL, 142 from
Google Scholar, 17 from LitCovid NLM, and 5 from WHO
website). The flowchart of the studies’ selection is illustrated
in Fig. 1. After the title-abstract and full-text screenings, 15
documents were identified, and their main characteristics are
reported in Table 1. Among the selected studies, 14 involved
adult (n=1373) and one pediatric (n=20) patients. All stud-
ies highlighted a possible relationship between PSP levels
and COVID-19 severity, but this correlation was statisti-
cally significant in 10 works (1005 patients over 1373) [18,
19, 22-24, 27-31]. Among studies involving adult patients
[17-25, 27-31], the mean age of the pooled sample was
62.7 +5.7 years. Mortality in the included studies ranged
between 8 and 45%.

Concerning the study design, we selected 5 observational,
4 retrospective, and 2 prospective studies, 2 cross-sectional
works, one case series and one pooled analysis. The quality
assessment is reported in Table 2. No study was excluded
because of a quality score less than 8 (<50%).

@ Springer

Study characteristics

The characteristics of the studies with main clinical features
eligible for our paper are summarized in Table 1. The qual-
ity assessment has been performed following NIH criteria
(Table 2). No study was excluded solely because of low-quality
scores less than 8 (<50%). No randomized, controlled trials
met our selection criteria. This manuscript involved obser-
vational (n=6), retrospective (n=4) and prospective (n=2)
studies, cross-sectional analysis (n=2) and case series (n=1).

Publication bias and heterogeneity

The evaluation of the funnel plot suggested a possible publica-
tion bias across the selected studies (Supplementary Fig. 1),
which was not confirmed at the Egger’s regression test (Egger
regression intercept=3.558, 95%CI: -0.376, 7.492, p=0.130).
In order to establish the level of consistency among involved
studies, the heterogeneity has been calculated, resulting quite
high (I’=93%, p<0.01).

Serum level of PSP and clinical outcomes

Among the selected studies, higher serum levels of PSP at
hospital admission in patients with COVID-19 disease were
related to worse clinical outcomes (i.e., higher severity of
COVID-19 and necessity of respiratory support). The random-
effect meta-analysis on 707 individuals (Fig. 2) showed a sig-
nificant pooled mean difference in serum PSP levels between
patients with high- and low-severity of COVID-19 disease was
441.70 pg/ml (95%CI: 150.40-732.99 pg/ml).

Sensitivity analysis

The results were confirmed in the sensitivity analysis after
excluding the study of Kocyigit et al. [23]. Indeed, we excluded
the analysis with more graphical distance of the effect size
from the polled one in the forest plot of meta-analysis and with
the smallest sample size. From the additional meta-analysis,
including 673 patients, we found a pooled mean difference
of PSP between the high- and low-severity patient groups of
350.02 pg/ml (95%CT: 115.15-584.89 pg/ml) (Supplementary
Fig. 2).

Discussion

Early prediction of COVID-19 severity is still challenging
although it represents a crucial step in defining the risk of
fatal outcomes and the most appropriate recovery setting
for adequate treatment. As reported by the last update of the
Surviving Sepsis Campaign Guidelines [8], disease severity,



997

Clinical and Experimental Medicine (2023) 23:993-1002

K1I9A9S
9seasIp pue Jsd
U99M19q Uone[al

-100 JUBOYTUSIS
© sem a19y],

9SBASIP
61-dIAOD Jo
uonnjoAd A
jo1paid 0} pasn
9q 13w pue
9SBISIP Y} JO
9SIN0Y [BIIUI[D
a3 s100gar JSd
uonensiurupe
quoseyjeweXap
Jo Apuopuadopur
‘QATAINS JOU PIP
oym syuanyed
JenuAIYIp
P[nod dSd
QwooINo
9sIOM IIM PoJe
-100sse sem dSd
syuoned
61-dIAOD U1
Aypeyow Aep-(¢
30 (%6) 101
-o1paid oyroads
K104 ® ST dSd
aseyd
Kprea ay) ur sd
61-AIAOD Ut
uonewLIOJuI
onsougoid Sur
-praoxd ur ojor e
QARY 0] SWAAS JSd
eruownaud
61-dIAOD
QI9AQS I0J
IoyJeWOIq B S
renuajod sey 4Sd

VIN

0ce

6'te

901

oSy

08

091

uoissrupe
1sod y g unpim

(Y ¢ A19A9
pue) UOISSTWIPY

uorsstupe N[
1s0d 1 7 ungIm

UOISSTUIPY

UoISSIuIpy

Lt keq

UOISSTWPY

100°0>

1000°0>

VIN

VIN

1000>

1000>

VIN

00S¢

127!

00¢€T

VIN

68

6901

VIN

068

LEL

VIN

VIN

8IS

801

VIN

8¢

6

98

9¢

V/IN

0'Is

0°L9

0'v9

009

0'L9

VIN

88

98

99

091

eVl

SL

Apms
[BUONBAIISQO 7

Apms
[eUOTIEAISSqO z

Apms
[euUOnIEAISSqO g

Apms
aanoadsonay T

Apms
aanoadsoig z

Apnis
aanoadsonay €

SOLI9S 9se)) T

[ez]
020T ‘Te 30 NS1K00y

[czd
020T ‘e 19 1ZULIIYoS

[zl
020CT ‘T 19 NOpIUD{say]

loz]
020t ‘[e 19 1a1seanq

[61]
020 Te 19 Brmby [1oQ

[81]
020T  'Te 39 onouruez

020T [L1]Te 30 epedng

uoIsSn[ou0))

(%) KnreroN

Surssosse
dSd joswiy

(jw/3d) syuoned
K)119A9s-y31y
ur dsd Jo [oAe]

(Twy3d) syuoned
KJLIOAQS-MO] UT

dSd Jo oA (u) 9B IN

(sK) o8e ueoy

(u) syuaned

(syjuour)

usisop Apmg  uoneinQg

TeaX Ioyny

61-AAOD pPue dSd Sune[a110o (g1 =u) s1oded ur paqriosop sainjedj urewr ayj jo sisdouds | ajqel

pringer

a's



Clinical and Experimental Medicine (2023) 23:993-1002

998

ursdasard onewised :dSd OIqeB[TeAR 10U 1//N

POATAINS UT
ueyl 61-AIAOD
KQq Paseaodp
syuanyed ur
Toysiy sem dSd

JO [OAQ] UBIPIIN
sjuanyed
61-dIAOD Jo
uonesynens
3[SII 10J on[eA Jo

oq Aews ursdosarg
61-dIAOD
s sjuened ur
IoyTew AJLIOAdS

[nJasn € 2q 0} [en
-ugjod oy sey JSd

sjuoned
61-dIAOD
ul AJLIOAQS JO
JI0JBIpUT QAT

-o1paid e se 4sd
Jo Lnn [enuajod

uonooyul
61-dIAOD Jo
K)119A9s )
Sunorpaid ur
00} [njasn

Jsow oy st dSd
qel

Anperow 1oySiy

0] paje[al aIam

dSd JO S[oA9] YSTH

UOTIBAJ[Q
dSd Wim poye

-100ss®e 9q JyIru

uonodjuriadns
[eL19)Okq JO UOn
-eordwod oy,

SAYV Wim

s1d 6T-ATAOD

ur 1oy3ry Apued
~YIUSIS ST 4Sd

VIN

14!

VIN

T9c

VIN

0oy

4!

VIN

UOISSTWPY

UOISSIWPY

UOISSTWPY

UoISSIIpY

UOISSTWPY

UOISSTPY

UOISSIpY

UOISSIPY

1000°0>

€100

L000

8000

100'0>

V/IN

€81°0

L000

86¢€1

(U4YY

VIN

056

9¢

V/IN

6LS

LITI

0LS

L1T'oY

VIN

06¢

LT

VIN

£ey

€9¢

VIN

1

0c

9¢

129

01

L9

€€

VIN

Y

9'6S

S'L9

001

0’89

0°6S

(49!

65¢C

(44

[44

08

0T

L6

LS

Apmis
2Anoadsolg

Apnis
[BUOTIBAIISQO

Apms
aAnoadsoney

Apms
[eUOIIBAIISqO

Apnis

[BUOT}O3S-SSOI)

Apmys

[BUOTIO2S-SSOID)

Apmis

An0adsonay

Apmys
[euoOnEAIOSqO

VIN

VIN

01

1T

[4d\14

[44\14

1coc

120¢

1c0c

1202

1coc

1coc

[1€] o1
A[0D-S9[RION

AR LEEREL)

[6T]Te 30 Wy

[82]'Te 30 Sereq

(VAN LEERZAN A\

[92]'Te 10 M2

[cTlTe 19 mog

vzl
‘Te 10 eme3oseH

uoISN[OU0))

(%) KnessoN

Surssosse
dSd joswiy

(Twy/3d) syuaned
K119A9s-131Y
Urdsd jo [oaa]

(w/3d) syuaned
KJLIOAQS-MO] Ul
dSd JO [9A97]

(u) ey

(sK) 93e ues\

(u) syuaneq

uSisop Apmgs

(syjuour)
uonenq

Ie9x

Ioyiny

(ponunuoo) | sjqey

pringer

Qs



Clinical and Experimental Medicine (2023) 23:993-1002

999

which is currently assessed mainly by clinical parameters,
has a key role in managing COVID-19 patients. However,
since these criteria do not predict the risk of clinical wors-
ening, a tool able to assess COVID-19 evolution would be
helpful for physicians. Furthermore, it is not currently pos-
sible to define the severity of the disease relying upon the
viral load [34].

Different biochemical markers have been proposed to
integrate the WHO criteria in predicting COVID-19 sever-
ity. In particular, a recent research performed on diabetic
patients confirmed that C-reactive protein (CRP) is a valu-
able predictor of COVID-19 progression and severity.
Furthermore, serum levels of inflammation-related (e.g.,
interleukin-6 or serum ferritin) and coagulation parameter
(D-dimer) were higher in patients with SARS-CoV-2 infec-
tion and diabetes mellitus vs. those without, suggesting that
diabetic patients could be more susceptible to the cytokine
storm that leads to ARDS and fatal outcome [37]. How-
ever, different factors can alter levels of these markers (e.g.,
tumors, autoimmune diseases) making them less specific in
the diagnosis and risk stratification of patients with COVID-
19 [38].

Recently, different studies highlighted the role of a novel
biochemical marker (i.e., PSP), which seems to have bet-
ter sensitivity and specificity in the diagnosis and severity
assessment of sepsis [9—15, 37]. Considering that sepsis
and SARS-CoV-2 infection share immunopathogenetic
and pathophysiological similarities, we believe that PSP
may help in risk stratification [16]. In the last two years of
pandemic, the interest in the possible correlation between
COVID-19 severity and levels of PSP has increased and sev-
eral studies have been published [17-31]. In 2021, Amhed
et al. proposed a review on this correlation [39] highlight-
ing that PSP levels predicted the aggravation of COVID-19
infection. However, the limited number of pertinent manu-
scripts hampered this analysis as only three articles [17, 18,
22] were considered eligible for the review.

In 2021, Lippi et al. proposed a pooled analysis on this
topic concluding that PSP values were significantly higher
in COVID-19 patients with severe/critical illness vs. those
without [24]. In our opinion, this result was interesting but
the sample size was small (n=420). Moreover, this paper
presented an unclear definition of disease severity (i.e.,
death, need for tracheostomy, mechanical ventilation, res-
piratory distress, ICU recovery).

Our work considered studies that assessed PSP levels in
the first 7 days of hospitalization. This choice allowed us
to consider, not only patients identified as critical because
of their clinical manifestations, but also those ones who
showed a rapid worsening in the first days from admis-
sion. Indeed, Faes et al. reported that an average time of
5 to 7 days to progress from the first manifestations to
ARDS [40]. As indicated by the pooled results, PSP can

be considered a valuable biomarker of COVID-19 severity.
Indeed, higher PSP levels might help physicians in rec-
ognizing potentially critical patients, even when clinical
condition are not alarming yet.

We would like to acknowledge some limitations of
our study: First, there is a complete lack of multicenter
randomized clinical trials, which are fundamental to con-
firm the effective usefulness of this biomarker to stratify
COVID-19 severity. Second, the heterogeneity among
the involved studies resulted very high (>90%). This
result was expected since PSP has only recently been pro-
posed as a biomarker for COVID-19 severity with few
published studies. Third, all the included studies in the
present meta-analysis considered the disease severity as
a primary outcome. The definition of this condition is
often heterogeneous; therefore, the choice of other out-
comes (e.g., mortality) might be preferable. Fourth, the
included studies used different PSP assessment methods
(e.g., PATHFAST Presepsin—Mitsubishi Chemical Europe
GmbH, Diisseldorf, Germany or STACIA Presepsin-LSI
Medience Corporation, Tokyo, Japan), which can be a fur-
ther source of heterogeneity.

Main strengths of this study include: First, we performed
a systematic review on the role of PSP in COVID-19 sever-
ity according to specific guidelines. Second, we examined
a significant number of scientific databases leading to a
consistent number of eligible papers (resulting in a large
sample size). Third, this study allowed for a new quantitative
analysis on this topic.

Conclusion

Our results show that PSP alone is a reliable tool to assess
COVID-19 severity. The possible integration of this bio-
marker with clinical criteria might be useful to improve the
accuracy of risk stratification in COVID-19 patients. Fur-
thermore, since SARS-COV-2 infection and sepsis share
similar immunopathological manifestations and PSP showed
its intrinsic value in predicting the severity of both diseases,
we can hypothesize that other conditions with similar immu-
nopathological features, a biomarker as PSP might help in
the risk stratification of affected patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10238-022-00936-8.
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Table 2 NIH Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies

Authors Year  Questions Quality Rating
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Fukada et al.[17] 20200 Y Y NA Y N Y NA NA Y Y N N N N Poor
Zaninotto et al. [18] 20200 Y Y NA Y N Y Y NA N Y Y N Y N  Fair
Dell'Aquila et al.[19] 20200 Y Y Y Y Y Y Y NA Y Y Y N Y Y Good
Ducastel et al.[20] 2020 Y Y Y Y N Y Y NA Y N Y N Y N Good
Keskinidou et al.[21] 2020 Y Y Y Y N Y Y NA Y N Y N Y N  Fair
Schirinzi et al.[22] 2020 Y Y Y Y Y Y Y NA Y N Y N Y N Good
Kocyigit et al.[23] 2020 Y Y Y Y Y Y Y NA Y N Y N Y Y Good
Hasegawa et al.[24] 2021 Y Y Y Y N Y Y NA Y N Y N Y N  Fair
Domi et al.[25] 2021 Y Y Y Y Y Y Y NA Y N Y N Y N Good
Dewi et al.[26] 2021 Y Y N Y N Y NA NA Y Y Y N Y N Fair
Mirza et al.[27] 2021 Y Y Y Y Y Y Y NA Y N N N Y N Fair
Farag et al.[28] 2021 Y Y Y Y Y Y Y NA N Y N N Y Y Good
Kim et al.[29] 2021 Y Y Y Y Y Y NA NA N Y Y N NA N Fair
Caglar et al.[30] 2022 Y Y Y Y Y Y Y NA Y N Y N Y Y Good
Morales-Cely etal.[31] 2022 Y Y NA Y Y Y NA NA N N Y N NA N Poor

Note: N/A =Not applicable; Y = Yes; N=No

Questions

Was the research question or objective in this paper clearly stated?
Was the study population clearly specified and defined?

Was the participation rate of eligible persons at least 50%?

Were all the subjects selected or recruited from the same or similar populations (including the same time period)? Were inclusion and exclusion
criteria for being in the study prespecified and applied uniformly to all participants?

Was a sample size justification, power description, or variance and effect estimates provided?
For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured?
Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it existed?

For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories
of exposure, or exposure measured as continuous variable)?

Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?
Was the exposure(s) assessed more than once over time?

Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?
Were the outcome assessors blinded to the exposure status of participants? Was loss to follow-up after baseline 20% or less?

Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure(s) and
outcome(s)?

Experimental Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Zaninotto et al, 2020 6 1069.00 1189.0000 69 408.00 340.0000 1 661.00 [-293.76; 1615.76] 6.3%
Dell'Aquila et al, 2020 65 892.00 475.0000 78 518.00 254.0000 374.00 [245.50; 502.50] 19.2%
Hasegawa et al, 2021 23 1217.00 310.0000 34 563.00 197.0000 654.00 [511.05; 796.95] 19.0%
Kocyigit et al, 2020 19 3500.00 3300.0000 15 590.00 400.0000 ——— 2910.00 [1412.42; 4407.58] 3.2%
Domi et al, 2021 22 579.00 486.0000 75 433.00 321.0000 146.00 [-69.69; 361.69] 18.0%
Caglar et al, 2022 101 55.00 292.0000 158 40.00 262.0000 : 15.00 [-55.08; 85.08] 19.7%
Farag et al, 2021 20 950.00 852.5000 22 390.00 274.0000 = 560.00 [169.23; 950.77] 14.7%
Random effects model 256 451 <> 441.70 [150.40; 732.99] 100.0%
Heterogeneity: /2 = 93%, ©> = 110915.2382, p < 0.01 I J I L
-4000 -2000 O 2000 4000

Fig.2 Forest plot on the mean difference of PSP levels between the high- and low-severity patient groups from the random-effect meta-analysis
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