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ABSTRACT
Introduction  Sepsis is a dysregulated host response to 
infection characterised by activation of proinflammatory 
and procoagulant mechanisms. Protein C (PC)’s activity as 
an anticoagulant and antiinflammatory molecule makes it 
an appealing target for sepsis biomarker studies. To date, 
there has been no systematic review of PC as a sepsis 
biomarker.
Objectives  To evaluate the diagnostic accuracy and 
prognostic strength of PC as a biomarker for adult sepsis.
Methods and analysis  Medline, Embase, Cochrane 
Library, PubMed and Cumulative Index to Nursing and 
Allied Health Literature (CINAHL) will be searched from 
inception through 20 January 2021 for prospective 
observational studies that evaluate the use of PC as a 
diagnostic or prognostic biomarker for adult sepsis. Title 
and abstract screening, full-text screening and data 
extraction will be conducted in duplicate. Risk of bias will 
be assessed using the Quality Assessment of Diagnostic 
Accuracy Studies and Quality in Prognostic Studies tools. 
If sufficient data are available, a meta-analysis will be 
conducted. The standardised mean difference and 95% CI 
will be calculated for prognostic and diagnostic studies. 
If possible, a hierarchical summary receiver operator 
characteristic curve will be generated to assess overall 
prognostic and diagnostic biomarker accuracy. I2 statistics 
will be used to assess heterogeneity. Sensitivity analysis 
will be performed by removing studies with a high risk of 
bias and re-examining the meta-analysis results.
Ethics and dissemination  Given this is a systematic 
review and meta-analysis, there is no requirement for 
ethics approval. Findings will be disseminated through a 
peer-reviewed publication and social media.
PROSPERO registration number  CRD42021229786.

INTRODUCTION
Rationale
Sepsis is defined by Singer et al as ‘life-
threatening organ dysfunction caused by a 
dysregulated host response to infection’.1 
Site of infection, type of infective microor-
ganism and patient characteristics are factors 
that contribute to the variable presentation of 
sepsis.2 Despite differences in clinical pheno-
types, sepsis pathology displays procoagulant, 

proinflammatory and antifibrinolytic char-
acteristics that contribute to the clearance 
of infection and organ recovery.3 Cytokine 
production by innate immune cells is stim-
ulated by the presence of foreign antigens. 
This results in the upregulation of endothe-
lial adhesion molecules, activation of the 
complement system and increased leuco-
cyte proliferation.4 This excessive immune 
response stimulates the release of tissue 
factor by monocytes and endothelial cells, 
leading to activation of the extrinsic coagu-
lation cascade.5 Although coagulation and 
subsequent fibrin deposition are essential 
host-defence mechanisms, excessive activity 
can lead to microvascular thrombosis and 
organ dysfunction.5 This causes inflamma-
tion and ischaemia, leading to tissue hypoxia, 
haemodynamic instability, multiorgan failure 
and death.6

Globally, the sepsis case fatality rate is 
approximately 25%, with a 2017 study 
estimating 48.9 million incident cases of 
sepsis and 11 million sepsis-related deaths 

Strengths and limitations of this study

►► This is the first systematic review and meta-analysis 
to evaluate Protein C’s biomarker potential in adult 
patients with sepsis and has the possibility of in-
forming future clinical practice

►► The risk of bias in included studies will be assessed 
using the Quality in Prognostic Studies or Quality 
Assessment of Diagnostic Accuracy Studies specifi-
cally developed to assess the risk of bias in prognos-
tic and diagnostic studies, respectively.

►► The search criteria may miss unpublished articles 
and preliminary results of ongoing studies.

►► There may be challenges with meta-analysis due to 
the heterogeneity in the primary studies; however, 
this heterogeneity will be addressed through sensi-
tivity analysis.

►► There may be limited publications using current 
sepsis definitions.
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annually.7 While the Surviving Sepsis campaign empha-
sises the importance of early therapeutic intervention, 
diagnosing the condition, due to variable pathology, is a 
major impediment to early treatment.8 While the current 
Sepsis-3 definition uses the Sequential Organ Failure 
Assessment (SOFA) scale to diagnose patients, the use 
of a highly specific and sensitive diagnostic biomarker 
could aid timely and appropriate antibiotic therapy. In 
addition, SOFA and quick SOFA (qSOFA) are also used 
to identify septic patients high-risk for mortality. However, 
SOFA is limited by low specificity, and qSOFA sensitivity 
and specificity are shown to vary widely across studies.9–11 
There is also no consensus on a specific biomarker that 
can distinguish patients high-risk for mortality.

Biomarkers are an appealing research target for sepsis 
because their rapid quantification has the potential to 
diagnose disease, predict prognosis and guide early 
therapeutic interventions. While over 250 biomarkers 
for sepsis are described in the literature, few are used 
in clinical practice due to low sensitivity and specificity.12 
Given the complex intersection between inflammation 
and coagulation in sepsis pathology, an ideal sepsis 
biomarker would intersect both these pathways. One 
such example is Protein C (PC). Also referred to as auto-
prothrombin IIA, PC is a vitamin K-dependent glyco-
protein that circulates through the blood plasma.13 PC 
is the zymogen of activated PC (aPC), a serine protease 
involved in regulating host defence systems through anti-
coagulant, antiapoptotic and anti-inflammatory prop-
erties.14 Previous research demonstrated that PC levels 
are significantly lower in patients with sepsis compared 
with healthy controls.13 Decreases in endogenous PC 
during sepsis are attributed to increased conversion to 
aPC, decreased protein synthesis in the liver, and degra-
dation by neutrophil elastase.15–17 To date, the use of PC 
as a biomarker for sepsis has only been reported in indi-
vidual clinical studies. Therefore, to identify the poten-
tial clinical application of PC as a biomarker for sepsis, 
this systematic review and meta-analysis will synthesise 
existing knowledge and evaluate its utility as a prognostic 
and diagnostic biomarker.

The overall aim of the proposed systematic review and 
meta-analysis is to synthesise and evaluate existing knowl-
edge on the utility/use of PC as a biomarker for adult 
sepsis.

Objectives
1.	 To determine the diagnostic accuracy of PC as an inde-

pendent biomarker for sepsis.
2.	 To determine the prognostic strength of PC as an in-

dependent biomarker of mortality in septic patients.

METHODS
This systematic review protocol follows the reporting 
guidelines established by the 2015 Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses Protocol 
(PRISMA-P).18 The protocol for this study was registered 

on the international register of systematic reviews (PROS-
PERO CRD42021229786).

Eligibility criteria
Type of studies
This systematic review aims to include all published 
prospective observational studies that examine PC as a 
diagnostic marker of sepsis or as a prognostic marker for 
mortality in patients with sepsis. Retrospective observa-
tional studies, abstracts, editorials, poster presentations 
and non-English studies will be excluded. There will be 
no restrictions on study quality, date, setting or size.

Types of participants
The population of interest includes male and female 
adults (>17 years of age) with sepsis (including severe 
sepsis, septic shock or sepsis with disseminated intravas-
cular coagulation (DIC)) or suspicion of sepsis. Studies 
that only include patients with confirmed sepsis will be 
used to evaluate the prognostic accuracy of PC, while 
studies that included patients with sepsis or suspicion 
of sepsis will be used to assess the diagnostic accuracy 
of PC. Paediatric studies (<17 years of age) and animal 
studies will be excluded to reduce heterogeneity within 
patient populations. Suspicion of sepsis will be defined as 
evidence of infection or organ dysfunction.19 Studies that 
used the following gold standard sepsis definitions will be 
included:
1.	 Sepsis-1: established by the American College of Chest 

Physicians and Society of Critical Care Medicine in 
1991.20

2.	 Sepsis-2: established by the Society of Critical Care 
Medicine, European Society of Intensive Care Medi-
cine, American College of Chest Physicians, American 
Thoracic Society, and Surgical Infection Society in 
2001.21

3.	 Sepsis-3: established by the Society of Critical Care 
Medicine and European Society of Intensive Care 
Medicine in 2016.22

Given the constantly evolving diagnostic criteria for 
sepsis, studies that use other reference standards or 
predate the Sepsis-1 definition may also be considered for 
inclusion. This decision will be determined based on the 
definition reported by the study authors, the fulfilment 
of the inclusion criteria outlined in this protocol, and 
the agreement between the two reviewers during full-text 
screening.

Exposure
Studies evaluating the concentration of PC in the blood 
of adult patients with sepsis within 24 hours of study 
enrolment will be included. Included studies must also 
evaluate at least one of the following:
1.	 PC’s use as an independent diagnostic indicator for 

sepsis,
2.	 PC’s use as an independent prognostic indicator for 

mortality in patients with sepsis.
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The control patients for the diagnostic outcome are 
patients with non-sepsis whose PC levels were measured 
within 24 hours of study enrolment. The control patients 
for our prognostic outcome are surviving patients whose 
PC levels were measured within 24 hours of study enrol-
ment. Studies for which there are insufficient data to 
obtain or calculate either mean PC levels, or the sensi-
tivity, specificity, and area under the receiver operating 
curve (AU-ROC) of PC as a biomarker, will be excluded.

Outcomes
Primary outcomes
1.	 The diagnostic accuracy of PC in adult patients with 

sepsis.
2.	 The prognostic accuracy of PC for mortality in adult 

patients with sepsis.

Secondary outcome
1. The diagnostic accuracy of PC for the diagnosis of 
sepsis with or without DIC in adult patients.

Information sources
Search strategy
The search will be conducted using PubMed, EMBASE, 
CINAHL, Medline and CENTRAL databases, and aims to 
find published articles only. Databases will be searched 
from inception through 20 January 2021, and study selec-
tion will be limited to studies written in English. A search 
strategy was developed on PubMed using keywords, 
Medical Subject Headings, and Boolean logic operators 
(online supplemental appendix 1). The citations from all 
included studies will be manually searched for additional 
articles for inclusion. In addition, any papers meeting 
inclusion criteria identified during the research process 
and in consultation with experts in sepsis biomarker 
research will be included as well. The PubMed search 
strategy will be adapted for searches in the remaining 
databases.

Study records
Selection process
Results of the literature search will be imported into Covi-
dence and duplicates will be removed.23 Study selection 
will occur in a two-step process and will be recorded in 
a PRISMA flow diagram. First, the title and abstracts of 
records will be screened in duplicate by two authors (VC 
and KP) against the eligibility criteria. Next, potentially 
eligible studies will undergo a full-text assessment by 
two authors (VC and KP) for inclusion in the study. The 
reasons for study exclusion following full-text review as 
well as the excluded articles will be recorded. Disagree-
ments regarding the eligibility of studies will be resolved 
by discussion or consultation with a third reviewer (FS). To 
avoid duplicate publication bias, only the earliest version 
of papers that use the same patient data will be included. 
If the earliest paper is missing required outcome data, 
the data will be obtained from the duplicate publications 
where possible.

Data extraction and management
For studies that meet the eligibility criteria, information 
on patient and outcome characteristics will be extracted 
by two authors (VC and KP). A standardised data 
extraction form will be made in Excel and will be piloted 
on a randomly selected subset of the included papers. 
Any disagreements between reviewers during extraction 
will be resolved by discussion or consultation with a 
third reviewer (FS). The following information will be 
extracted from published articles and the corresponding 
supplemental material:
1.	 Bibliographic details: first author, publication year, 

study setting, type of study (prognostic or diagnostic) 
and country.

2.	 Demographic and clinical information: study size, 
mean age, sepsis definition used, patient population 
description (severity of sepsis), mortality proportion 
and follow-up duration for mortality.

3.	 PC measurement: time point of measurement, and PC 
assay used.

4.	 Study outcomes: mean biomarker levels, PC threshold 
values, AU-ROC, sensitivity, specificity, positive and 
negative predictive values.

Assessment of risk of bias
To assess the risk of bias (RoB) in each included study, 
two reviewers (VC and KP) will assess each study inde-
pendently. Any disagreements will be resolved by discus-
sion or a third reviewer (FS). Agreement between the two 
reviewers will be reported using percentage agreement 
and a weighted kappa statistic (κ).

Studies included for evaluation of PC’s prognostic accu-
racy will be assessed independently in duplicate using the 
Quality in Prognostic Studies (QUIPS) tool.23 The QUIPS 
tool uses six factors to assess bias in prognostic studies: 
study participation, study attrition, prognostic factor 
measurement, confounding measurement and account, 
outcome measurement, and analysis and reporting. A 
decision will be made as to whether each factor is high, 
moderate or low RoB. Studies included for evaluation of 
PC’s diagnostic accuracy will be assessed independently 
in duplicate using the Quality Assessment of Diagnostic 
Accuracy Studies (QUADAS-2) tool.24 The QUADAS-2 
tool evaluates RoB in four domains: patient selection, 
index test, reference standard and flow/timing. A deci-
sion will be made as to whether each factor is high or 
low RoB. If the study provides insufficient information to 
make a decision for specific categories and information 
cannot be obtained from the primary study author, the 
RoB will be classified as unclear.

Studies that report on both PC’s use as a diagnostic 
and prognostic biomarker will be evaluated using both 
tools. A RoB graph and summary figure will be created 
in Review Manager V.5.4.1 (RevMan) for prognostic and 
diagnostic studies independently.

https://dx.doi.org/10.1136/bmjopen-2021-050754
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Dealing with missing data
If there are insufficient data to conduct data extraction 
or RoB assessment, the primary author will be contacted 
by email to request additional information. The impact 
of any missing data on the results will be discussed in the 
final publication.

Data analysis
Statistical analysis
Data will be synthesised for meta-analysis using RevMan 
V.5.4.1, if there are data from at least two studies avail-
able. To assess the diagnostic accuracy of PC, mean 
biomarker levels in individuals with and without sepsis 
will be extracted, along with their respective SD. To assess 
the prognostic strength of PC, mean biomarker levels in 
survivors and non-survivors will be extracted along with 
their respective SD. This data will be used to create forest 
plots of the standardised mean difference (SMD) of PC 
biomarker levels and will be reported as SMD ± the 95% 
CI in each of the patient populations. We will also extract 
the sensitivity and specificity and their respective 95% 
CIs for each of our outcomes. This data will be used to 
create forest plots of the pooled sensitivity and specificity. 
In addition, two hierarchical summary receiver operator 
characteristic curves (HSROC), one for prognostic and 
another for diagnostic studies, will be generated to assess 
biomarker test accuracy. This method was chosen as it 
accounts for both within and between study variability.25

Reporting of prognostic and diagnostic test accu-
racy varies widely. In some studies, sensitivity and speci-
ficity may not be reported and insufficient data may be 
available to obtain a 2×2 contingency table necessary 
for HSROC construction and sensitivity and specificity 
analysis. If this data cannot be obtained for a significant 
portion of the studies (>50% of studies), sensitivity, speci-
ficity, and AU-ROC values of each independent study will 
be summarised in a table.

Testing for heterogeneity
Heterogeneity will be identified by visual inspection of 
forest plots and HSROC curves. The statistical heteroge-
neity of study results will be analysed using the I2 statistic, 
which assesses the percentage of variability due to hetero-
geneity rather than chance in effect estimates. If I2 is 
greater than 50%, this will constitute significant hetero-
geneity and a random-effects model will be used when 
creating the forest plot meta-analysis. If I2 is greater than 
50%, sensitivity analyses will be conducted to identify the 
effect a study’s RoB has on heterogeneity.

Sensitivity and subgroup analysis
Sensitivity analysis will be performed to determine the 
influence of RoB on the outcomes being investigated. 
Studies will be grouped by their RoB designation for 
SMD forest plot and HSROC analysis to determine if this 
affects study findings. This will help to assess the strength 
of the study conclusions and the impact that methodolog-
ical quality has on study results. To investigate additional 

sources of heterogeneity, subgroup analysis will be 
explored for the following factors if sufficient studies are 
available.
1.	 For all outcomes: sepsis definition (Sepsis-1, Sepsis-2, 

Sepsis-3).
2.	 For primary prognostic outcome: type of mortality 

follow-up (eg, 28-day mortality, in-hospital mortality 
etc.).

Meta-biases
If a sufficient number of studies are identified for both 
our diagnostic and prognostic studies (>10 studies), we 
will investigate small studies bias using Deek’s funnel plot. 
This test was selected because it was developed specifi-
cally for the assessment of publication biases in literature 
reviews.26

Confidence of cumulative evidence
The certainty of evidence for pooled outcomes will be 
assessed according to Grading of Recommendations, 
Assessment, Development and Evaluation methodology.27 
Assessments will be made in duplicate (VC and KP) with 
conflicts resolved through discussion or a third reviewer 
(FS).

Discussion
Over the past two decades, the clinical definition of sepsis 
has evolved, with the current Sepsis-3 definition guiding 
clinical care. The Surviving Sepsis campaign emphasises 
the use of biomarkers to support the clinical assessment 
of patients.8 However, in the Sepsis-3 definition, the role 
of biomarkers remains undefined, highlighting the need 
to better understand how biomarkers can strengthen an 
evolving clinical definition.1 To date, only lactate, procal-
citonin and C reactive protein have been commonly 
used in clinical practice for adult sepsis. However, these 
biomarkers are limited in their sensitivity and speci-
ficity.28–30 Given PC’s role in multiple inflammation and 
coagulation pathways, its rapid consumption during 
sepsis, and decreased transcription in patients with sepsis, 
it is a worthwhile candidate for evaluation as a sepsis 
biomarker. Therefore, clinicians caring for patients with 
sepsis require a comprehensive evaluation of PC’s value as 
a biomarker to inform evidence-based practices.

Using a rigorous systematic review and meta-analysis 
methodology, this paper will be the first meta-analysis 
summarising the evidence of PC’s diagnostic accuracy and 
prognostic strength as a biomarker for adult sepsis. From 
a diagnostic perspective, PC could allow for the early 
detection of sepsis, enabling early therapeutic interven-
tion and the reduction of DIC, organ failure and death. 
From a prognostic perspective, identifying patients at 
high risk for mortality within the early stages of sepsis can 
help tailor treatment intervention and hospital admission 
decisions.31 The strengths of this review include its exten-
sive search of five databases and comprehensive RoB 
assessments using QUADAS-2 and QUIPS tools. Poten-
tial limitations include missed data from unpublished 
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articles and preliminary results of ongoing studies. In 
addition, there may be challenges with the meta-analysis 
due to the heterogeneity in the primary studies. This 
will be addressed by conducting a sensitivity analysis to 
determine the effect of RoB on heterogeneity. Overall, it 
is anticipated that the results of this project will address 
an important knowledge gap by summarising the existing 
evidence on PC’s utility as a sepsis biomarker. This can be 
used to inform the direction of future research and clin-
ical practice related to the use of biomarkers for sepsis.

Ethics and dissemination
Given this is a systematic review and meta-analysis, there 
is no requirement for ethics approval. Findings will be 
disseminated through peer-reviewed publication.
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