International Journal of Research in Medical Sciences
Mardaningrat GAM et al. Int J Res Med Sci. 2024 Mar;12(3):903-909

www.msjonline.org pISSN 2320-6071 | eISSN 2320-6012

] DOI: https://dx.doi.org/10.18203/2320-6012.ijrms20240537
Meta-analysis

Clinical and biological markers for predicting acute respiratory distress
syndrome in sepsis patients: a systematic review and meta-analysis

Gede Ari Mahendra Mardaningrat'*, Putu Andrika?, Isabella Soerjanto Putri?,
I. Putu Hendri Aryadi?

Faculty of Medicine, Udayana University, Denpasar, Indonesia
2Pulmonary and Critical Care Division, Department of Internal Medicine, Udayana University/Prof. dr. 1.G.N.G
Ngoerah General Hospital, Denpasar, Indonesia

Received: 20 January 2024
Revised: 02 February 2024
Accepted: 03 February 2024

*Correspondence:
Dr. Gede Ari Mahendra Mardaningrat,
E-mail: arimahendra28@gmail.com

Copyright: © the author(s), publisher and licensee Medip Academy. This is an open-access article distributed under
the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

Sepsis is a serious condition that occurs when a person's immune system responds excessively to an infection, causing
an inflammatory reaction that damages the body's organs. One of the complications that can occur in sepsis patients is
acute respiratory distress syndrome (ARDS). Sepsis and ARDS are conditions with high mortality rates, so it is
important to prevent them. This study aims to determine clinical and biological markers that can be used as a
reference in predicting ARDS in sepsis patients, so that prevention efforts can be carried out quickly and precisely.
We performed a search in two databases (PubMed and Cochrane) for articles published between January 1, 2013 and
September 30, 2023 that reported markers or predictors of ARDS in sepsis patients. Eleven studies out of the 360
articles identified, met the inclusion criteria for this review. APACHE Il score (MD 0.36; 95% CI=0.15-0.56),
sequential organ failure assessment score (SOFA) score (Mean difference (MD)=0.50; 95% CI=0.04-0.97), CRP
(MD=0.75; 95% CI=0.46-1.04), SP-D (MD=0.70; 95% CI=0.51-0.90), and serum receptor for advanced glycation
end-products (SRAGE) (MD=0.72; 95% CI=0.59-0.84) have a significant influence on the incidence of ARDS in
sepsis patients. Overall, the findings of a meta-analysis that included 11 studies involving 6,623 patients showed that
the APACHE Il score, SOFA score, CRP, SP-D, and SRAGE showed statistically significant values.
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INTRODUCTION

Sepsis is a serious condition that occurs when a person's
immune system responds excessively to an infection,
causing an inflammatory reaction that damages the body's
organs. This condition will develop quickly and can
threaten the patient's life. Around 19 million people
worldwide experience sepsis every year.! One of the
complications that can occur in sepsis patients is ARDS.
This syndrome occurs when there is severe injury to the
lungs, causing breathing problems. Sepsis and ARDS are

conditions that are interconnected with high mortality
rates.2 This medical issue occurs due to systemic
inflammation in the body, resulting in the release of
inflammatory mediators which later develops a severe
lung damage.®

The pathophysiology of ARDS involves complex
processes down to the cellular tissue level, but the exact
cause of ARDS is still not known with certainty.* Several
theories state that the ARDS process begins with damage
to the walls of the alveoli and pulmonary capillaries, one
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of which is sepsis. Then an inflammatory response occurs
from within the body in the form of the release of
cytokines and other inflammatory mediators. This will
cause an increase in capillary permeability. As a result,
all fluids, proteins and blood cells will leak and enter the
alveoli and the elasticity of the lung tissue will decrease.
This makes the lungs stiff and difficult to expand and
contract when breathing.®> The capillary endothelium and
alveolar epithelial cells experience further damage due to
the inflammatory process. This damage can disrupt the
function of the inner lining of the lungs and worsen gas
exchange disorders. But many of them.®” In ARDS there
are various changes in response. the body becomes
inflamed and causes lung damage. Several increases in
biological markers such as C-reactive protein (CRP),
SRAGE, surfactant protein-D (SP-D), and angiopoietin-2
(Ang-2) can occur as the body's response to ARDS.

The increase in SP-D and sSRAGE in ARDS is triggered
by the impairment on the alveolar epithelium during the
ARDS process. An increase in Ang-2 occurs due to
damage to the alveolar endothelium and an increase in
CRP is a response to significant inflammation in the
lungs and body. In addition, the clinical response of
sepsis patients must also be assessed when experiencing
ARDS through clinical markers. Clinical assessment in
patients with sepsis can use the SOFA and APACHE II
score.®

There is a high mortality rate among ARDS patients with
sepsis. In cases of ARDS, there is damage to pulmonary
microcirculation, increased lung permeability, resulting
in bilateral alveolar infiltrates visible on chest x-ray and
arterial hypoxemia.®'® Approximately 30% to 40% of
sepsis patients die from ARDS. The mortality rate of
patients with ARDS caused by sepsis is greater than the
mortality of ARDS patients with other risk factors.!! In
addition, patients who experience ARDS generally have a
worse prognosis than those without ARDS. Identifying
populations at high risk of experiencing ARDS in sepsis
patients is very important effort to prevent the occurrence
of ARDS.*2

Having measurable clinical and biological markers is
critical in identifying sepsis patients at risk for ARDS.
This marker can provide additional information regarding
the development of ARDS in the setting of sepsis,
thereby potentially increasing patient survival rates. Early
knowledge of related markers is expected to avert the
development of ARDS.1314

Although previous research has identified several risk
factors for ARDS, there is still a lack of research
regarding clinical and biological markers that can be used
as predictors to predict the occurrence of ARDS in sepsis
patients.'>® Therefore, this meta-analysis was created to
identify clinical markers and biologics that can be used as
a reference to predict the occurrence of ARDS in sepsis
patients. Enhanced risk assessment and decision making
are the main impact of this study.

METHODS
Study selection

A search for relevant studies was carried out using the
PubMed and Cochrane library databases, covering the
period from 1 January 2013 to 30 September 2023. The
keywords used were "marker" or predictor and "ARDS"
and "sepsis". The objective of this study was to identify
all studies reporting clinical and biological markers in
septic patients with ARDS.

Selection criteria

All studies retrieved in this search were evaluated for
eligibility by three investigators. If there is a difference of
opinion, further discussion will take place. Eligibility of a
study for meta-analysis was based on following inclusion
criteria, namely study report, adult patients (>18 years)
with ARDS and sepsis, report of clinical and biological
markers associated with ARDS clinical outcomes, and
written in English. Studies were excluded if associated
clinical and biological markers came from only 1 study.

Data extraction and quality assessment

Three investigators extracted data regarding clinical and
biological markers for predicting the occurrence of
ARDS in sepsis patients from selected studies for
inclusion in the meta-analysis. This information includes
details such as name of authors, years of publication,
country, design of study, total sample, sample size, and
estimated association between various clinical and
biological markers to ARDS. Microsoft excel was used to
record the results of all studies. Study quality was
evaluated independently by three authors using the
Newcastle-Ottawa scale (NCOS) designed to assess the
cohort and case-control studies.

Statistical analysis

A meta-analysis was performed to determine the strength
of several biological and clinical markers associated with
the incidence of ARDS in sepsis patients. In each study,
standard MDs in markers between groups were calculated
that were relevant to the clinical outcome (groups were
suggested to be those with ARDS and those without
ARDS). The MD is based on the calculated MD value of
the specific marker. Plots are provided for clinical and
biological markers processed through meta-analysis with
the STATA version 17.0 application.

RESULTS

A search of online databases identified 360 articles. After
an initial search by abstract and title, 15 articles remained
for full-text assessment. There were 11 articles that met
the inclusion and exclusion criteria after conducting an
in-depth review. The article selection steps is presented in
Figure 1.
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Table 1: Study characteristics.

Years of publication

Lietal’
Iriyama et al*®
Shi et al*®
Ware et al®
Nam et al*
Yang et al?
Mikkelsen et al?®
Jones et al?*
Seethala et al?®
Villar et al®®
Reilly et al?’

Authors

Liet al'’
Iriyama et al*®
Shi et al*®
Nam et al*
Yang et al?
Mikkelsen et al?®
Jones et al?*
Seethala et al?®
Villar et al?®
Reilly et al?’

Authors
Ware et al®

2020
2020
2022
2013
2019
2022
2013
2019
2017
2021
2018

. Total sample
Country Design of study No-ARDS
China Cohort 41 109
Japan Cohort 85 509
China Cohort 179 350
USA Case-control 100 100
Korea Cohort 22 103
USA Cohort 21 90
USA Cohort 48 730
USA Cohort 261 411
USA Cohort 156 2378
Spain Cohort 86 141
USA Cohort 289 414

Table 2: Quality assessment for cohort studies.

Selection

WWWWwwWwwNWwww

Comparabilit

1
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Outcome Overall qualit
2 Good
Good
Good
Fair
Good
Good
Good
Good
Good
Good
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Table 3: Quality assessment for case-control studies.

Selection
3

Comparabili

1

Records identified through
database searching
Pubmed = 320
Cochrane Library = 40

r

Dhplicates removed
(n=16)

Records sereened after
duplicates removed
{Title and abstract)

in=344)

Mot in English (n = 26)
In children (n = 40}

"

Lack companson control group (n = 251)

Did not invele patient with sepsis (n= 12)

Full-text articles assessed for
eligibility
(n=15)

Clinical and biclogical markers were

"

only present in 1 study
n=4)

Studics included in
qualitative and quantitative
synthesis
n=11)

Figure 1: Preferred reporting items for systematic

reviews and meta-analyses (PRISMA) of article
identification, screening and selection.

Exposure Overall qualit

2 Good
Predictive markers of ARDS
Surfactant protein D (SP-D)

Two studies have compared surfactant protein D (SP-D)
values between case (ARDS) and control group. A higher
mean SP-D score was identified in ARDS patients
(MD=0.70, 95% CI=0.51, 0.90). Data from this study
shows a homogeneous distribution (I-square: 0%). This
marker shows significance regarding incidence of ARDS
(p=0.00), as depicted in Figure 2.

SP-D (ng/mL)
Treatment Control Cohen's d Weight
Study N Mean SD N Mean SD with 95% CI (%)

Ware, etal (2013) 100 97 837 100 49.33 363 ——J————074[045, 103] 48.00
Vilar, etal. 2021) 86 9.76 9.24 141 504 521 —J————  067[040, 095] 5200

Overall ——eogle— 070 [0.51, 0.90]
Heterogeneity: I° = 0.00%, H’ = 1.00 i
Testof 6, =0: Q(1)=0.10,p=0.75 |
Test of 6= 0: 2= 6.96, p = 0.00 i
4 6 8 1

Fixed-effects inverse-variance model

Figure 2: Impact of SP-D on the incidence of ARDS. If
there isa MD >0, it indicates that the concentration of
the SP-D marker is greater in ARDS patients.

International Journal of Research in Medical Sciences | March 2024 | Vol 12 | Issue 3 Page 905



Mardaningrat GAM et al. Int J Res Med Sci. 2024 Mar;12(3):903-909

SRAGE

A comparison of SRAGE values was documented in three
studies. The mean sSRAGE score showed an increase in
patients with ARDS (MD=0.72, 95% CI=0.59, 0.84).
Data from this study show a less heterogeneous
distribution (I-square: 34.78%). This marker shows
significance in the incidence of ARDS (p=0.00), as
displayed in Figure 3.

SRAGE (ng/mL)
Treatment Control Cohen'sd ~ Weight
Study N Mean SD N Mean D with95% Cl - (%)

Jones, etal. (2019) 261 2386.33 244963 411 116833 935.56
Ware, etal. (2013) 100 221367 198296 100 138167 1022.96
Villr, etal. (2021) 86 192119 1659.54 141 897.27 70601

073[057, 0.89) 60.70
0.53[0.25, 081] 19.52
088(060, 1.16] 19.78

Overall 0.72[059, 084
Heterogenelly: I = 34.78%, H' = 153
Testof 6,26; Q(2)=307,p=022

Testof6=0:z=11.29,p=0.00

]

5

Fixed-effects inverse-variance model

Figure 3: Impact of SRAGE on the onset of ARDS.
C-reactive protein (CRP)

Two studies have compared CRP values which identified
a higher mean of CRP score in patients with ARDS
(MD=0.75, 95% CI=0.46, 1.04). Data from this study
shows a homogeneous distribution (I-square: 0%). This
marker shows significance regarding the incidence of
ARDS (p=0.00), as shown in Figure 4.

CRP (mglL)
Treatment Control Cohen'sd ~ Weight
Study N Mean SD N Mean 8D with 95%Cl (%)

Uieta (020) 41 14003 10741 109 856 5104 —J—  077[040, 1.14] 6166
Nam,otal (2017) 2 2229 9207 103 16607 7776 —MW——  O71[024, 118 %34

Overall ‘ 0.75[046, 1.04)
Heterogenety: * = 0.00%, H' = 1.00 !
Testof6,20; Q(1)=004,p=084 !
Testof 0 0:25.04,p=0.00 !
0 4] 1 15

Fixed-effects inverse-variance mode!

Figure 4: Impact of CRP on the incidence of ARDS.
Angiopoietin-2 (Ang-2)

Three studies have compared Ang-2 values which
showed a similar mean of Ang-2 scores among ARDS
patients versus the non-ARDS group (MD=0.00, 95%
Cl=-0.39, 0.39). Data from this study shows a
homogeneous distribution (I-square: 0.10%). This marker
did not show significance regarding the incidence of
ARDS (p=0.99), as shown in Figure 5.

ANG-2 (ng/mL)
Treatment Control Cohen's d Weight
Study N Mean SD N Mean SD with 95% CI (%)

Ware, etal. (2013) 100 1367 1037 100 13 963 —l— 007021, 034] 3190
Villr,etal. 2021) 86 329 318 141 504 521  —f— | 0.38[-0.66, -0.11] 3215
Reill, etal. (2018) 289 1227 1215 414 927 8.9 |l 0290 0.4, 044 3595

Overall ~ntliiiee=—  0,00(-0.39, 0.39]
Heterogeneity: 1° = 0.10, I = 88.50%, H’ = 8.69 i
Test of 6, = 6;: Q(2) = 18.30, p = 0.00 i
Testof8=0:2=0.01, p=099 i

——
4 5 0 5

Random-effects REML model

Figure 5: Impact of Ang-2 on the incidence of ARDS.

Acute physiological chronic health evaluation Il score
(APACHE 11 score)

Seven studies have evaluated APACHE |1 scores between
patients with and without ARDS. Mean APACHE Il
score showed increase in ARDS patients compared with
those without ARDS (MD=0.36, 95% CI=0.15, 0.56).
Data from this study showed heterogeneous distribution
(I-square=78.49%). This marker shows significance
regarding incidence of ARDS (p=0.00) (Figure 6).

APACHE Il Score

Treatment Control Cohen's d Weight
Study N Mean SD N Mean SD with 95% Cl (%)

Shi, et al. (2022) 179 1633 519 350 14 593 . 0.41[ 0.23, 0.59] 16.87
Seethala, etal. (2017) 156 163 10.96 2378 114 9.12 - 0.53[ 0.37, 0.69] 17.32
Yang, et al. (2022) 21 2067 593 90 21.33 667 - i 0.10(-0.58, 0.37) 9.61

Ware, et al. (2013) 100 28 593 100 28 593 —.— 0.00[-0.28, 0.28] 14.40
Li, et al. (2020) 41 193 874 109 17.93 9.04 — . 0.15[-0.21, 0.51] 12.25
Iriyama, et al. (2020) 85 2667 889 509 2167 889 —M—  056( 0.33, 079 1560
Mikkelsen, etal. (2013) 48 19.33 889 730 15 593 i+ 0.70[ 041, 1.00] 13.95
Overall g 0.36[ 0.15, 0.56]

Heterogeneity: T° = 0.06, I = 78.49%, H = 4.65 1
Test of 6, = 6 Q(6) = 22.36, p = 0.00 !
Testof 0 = 0:z=3.36, p = 0.00 !

Random-effects REML model

Figure 6: Impact of APACHE 11 score on the
incidence of ARDS.

SOFA score

The mean SOFA score was higher in ARDS patients
compared to those without ARDS (MD=0.50, 95%
CI=0.04, 0.97). Data from this study showed a very
heterogeneous distribution (l-square: 93.16%). This
marker showed significance regarding the incidence of
ARDS (p=0.03), as shown in Figure 7.

SOFA Score
Treatment Control Cohen's d Weight
Study N Mean SD N Mean SD with 95% CI (%)
Shi, et al. (2022) 179 9 296 350 6.33 296 . 090[ 0.71, 1.09] 21.71

Li, etal. (2020) 41 82 444 109 987 11.33 —l—
Nam,etal.(2019) 22 1093 6.15 103 7 296

0.17[-053, 0.19] 19.86
——— 1.06[ 058, 1.54] 1821

Reilly, etal. (2018) 289 5 296 414 3 296 g 3 068( 052, 0.83] 21.96
Yang,etal.(2022) 21 833 37 90 833 37 —M— 0.00(-047, 0.47) 1826
Overall i 0.50( 0.04, 0.97)

Heterogeneity: 1° = 0.25, I = 93,16%, H’ = 14.63
Test of 6, = 6;: Q(4) = 36.87, p = 0.00
Testof 6=0:2=2.11,p=0.03

Random-effects REML model

Figure 7: Impact of SOFA score on ARDS incidence.
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DISCUSSION

In this study, a meta-analysis of studies reporting clinical
and biological markers was carried out to determine the
strength of their association with ARDS in sepsis
patients, 11 studies were identified with a total of 6,623
patients with or without ARDS. In this meta-analysis,
analysis was carried out on 2 clinical markers and 4
biological markers of ARDS from selected journals using
the STATA application. The results of statistical analysis
show significant values for several indicators such as
APACHE Il score, SOFA score, CRP, SP-D, and
SRAGE.

The APACHE Il score is an assessment method to
determine the severity of the disease. Assessment using
this method includes age, current medical history,
examination of vital signs, and laboratory values. This
method is very helpful in evaluating the patient's medical
condition which will later play an important role in the
type of diagnostic or therapeutic intervention required.
Several previous studies have used the APACHE Il score
to identify patients at higher risk of developing ARDS.
Apart from that, the APACHE score has a close
correlation with the severity of the disease, so it can be
used as an indicator in assessing the risk of ARDS in
patients experiencing sepsis.?®

A method of assessing the severity of consecutive organ
failure, known as the SOFA score, is used to evaluate the
level of organ failure in patients undergoing treatment in
the intensive care unit (ICU). Most patients in the ICU
experience conditions such as sepsis. The components
contained in the SOFA score are related to certain organ
functions, including respiratory function. Therefore, the
SOFA score provides information about the severity of
the patient's disease and the risk of developing ARDS.2%30
One component of the SOFA score related to the
respiratory system is the PaO2/FiO2 ratio, which can
influence the risk of ARDS.3132

CRP is a type of protein produced by the liver in response
to inflammatory processes in the body. When damage
occurs to the lungs, various inflammatory mediators,
including cytokines, are released, triggering inflammation
and stimulating CRP production in liver. CRP's function
as an indicator of the inflammatory process is invaluable
and helps physicians in transmitting the severity of
inflammation in patients suffering from ARDS.33%

Surfactant protein D (SP-D) is a type of protein produced
by the lungs which plays a role in maintaining the
stability of the alveolar surface and protecting the body
from infections in the lungs. An increase in SP-D occurs
in inflammatory conditions, one of which is caused by
ARDS. Several studies show that SP-D levels can
increase in patients with ARDS.3>36

Increased serum receptor for advanced glycation end-
products (SRAGE) can be an indicator in the development

of ARDS or related to the severity of ARDS events.
Several studies have shown that SRAGE levels may be
increased in the setting of ARDS, particularly in patients
with higher ARDS severity. This shows that sSRAGE
plays a role in the pathological process of ARDS. Apart
from that, SRAGE also has a role in reducing
inflammation by binding to glycation end products which
stimulate an inflammatory response, so that an increase in
SRAGE can be an indicator of the body's response to
inflammation in ARDS.%7:38

CONCLUSION

Overall, the findings of this meta-analysis covering 11
studies involving 6,623 patients showed that there were
two clinical markers and three biological markers that
were statistically significantly associated with the
incidence of ARDS in sepsis patients. These related
markers include APACHE Il score, SOFA score, CRP,
SP-D, and sRAGE. On the other hand, the Ang-2 marker
did not show statistical significance for ARDS risk.
However, further research is required to identify other
markers to predict the incidence of ARDS in sepsis
patients, so that more markers can become potential
indicators for predicting the risk of ARDS among sepsis
patients.
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