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ABSTRACT

Introduction: Bacterial sepsis remains a major challenge in intensive care
units due to its nonspecific presentation and high mortality. Inflammatory
biomarkers such as C-reactive protein and procalcitonin are widely used to
support early diagnosis and prognostication. However, variability in their
diagnostic accuracy and prognostic performance necessitates a comprehensive
evaluation of existing evidence.

Material and methods: This systematic review comprehensively searched
major biomedical databases without time restrictions to evaluate the
prognostic value of CRP and procalcitonin in bacterial sepsis among ICU
patients.

Results: The review demonstrates a predominance of studies focusing on
procalcitonin and combined biomarker strategies, with elevated CRP and
procalcitonin consistently associated with adverse clinical outcomes in septic
ICU patients. Procalcitonin showed superior prognostic precision, while overall
methodological quality was acceptable despite residual bias concerns,
underscoring the need for more rigorous prospective research.

Conclusion: Finally, the identified methodological gaps emphasize the need for
rigorously designed prospective studies to clarify the independent prognostic
value of inflammatory biomarkers. Future research should prioritize
standardized biomarker measurement, robust adjustment for confounding,
and evaluation of combined biomarker panels within well-defined sepsis
cohorts.

Introduction

antimicrobial therapy are strongly associated with

Sepsis remains one of the leading causes of poor clinical outcomes, including multi-organ

morbidity and mortality worldwide, particularly
among patients admitted to intensive care units
(ICUs). It is a life-threatening organ dysfunction
resulting from a dysregulated host response to
infection, most commonly of bacterial origin.
Despite significant advances in critical care
medicine, the early diagnosis of bacterial sepsis
continues to pose a major clinical challenge due to
its heterogeneous presentation and overlap with
non-infectious inflammatory conditions. Delays in
recognition and initiation of  appropriate

failure and death, underscoring the need for reliable
diagnostic and prognostic tools in critically ill
patients (1). The clinical manifestations of bacterial
sepsis are often nonspecific, ranging from fever and
tachycardia to hypotension and altered mental
status. In ICU settings, these signs masked or
confounded by underlying  comorbidities,
postoperative inflammatory responses, trauma, or
immunosuppression. Traditional diagnostic
approaches, such as blood cultures, remain the gold
standard for identifying causative pathogens;
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however, they are limited by low sensitivity,
prolonged turnaround times, and frequent
contamination. As a result, clinicians frequently rely
on empirical broad-spectrum antibiotics, which may
contribute to  antimicrobial resistance and
unnecessary drug exposure (2).

Given these limitations, there has been increasing
interest in the use of circulating inflammatory
biomarkers to support the early diagnosis and
prognostication of bacterial sepsis. Biomarkers have
the potential to provide rapid, objective, and
reproducible information that reflects the host’s
inflammatory response to infection. Among the
numerous biomarkers investigated, C-reactive
protein (CRP) and procalcitonin (PCT) have
emerged as two of the most extensively studied and
clinically utilized markers in sepsis management.
Their widespread availability and relative ease of
measurement have made them attractive candidates
for routine use in critical care practice (3).

CRP is an acute-phase protein synthesized by
hepatocytes in response to inflammatory cytokines,
particularly interleukin-6. Serum CRP levels begin
to rise within 6 to 8 hours after the onset of
inflammation and may increase  several
hundred-fold in severe infections. Although CRP is
highly sensitive to inflammatory processes, it lacks
specificity for bacterial infection, as elevated levels
can also be observed in viral infections, autoimmune
diseases, malignancies, and postoperative states.
Nevertheless, serial measurements of CRP have
been shown to provide valuable information
regarding disease progression, response to therapy,
and overall prognosis in septic patients (4).
Procalcitonin, a precursor of the hormone calcitonin,
is normally produced in negligible amounts by
thyroid C cells. During systemic bacterial infection,
however, PCT is released by multiple tissues in
response to microbial toxins and pro-inflammatory
mediators. Unlike CRP, PCT levels rise rapidly
within 2 to 4 hours and demonstrate a stronger
association with bacterial infections compared to
viral or non-infectious inflammatory conditions.
This relative specificity has positioned PCT as a
promising biomarker for distinguishing bacterial
sepsis from other causes of systemic inflammatory
response syndrome (SIRS) in ICU patients (5).
Beyond their diagnostic utility, both CRP and PCT
have been investigated for their prognostic value in
bacterial sepsis. Elevated baseline levels and
persistently high concentrations over time have been
associated with increased severity of illness,
development of organ dysfunction, longer ICU
stays, and higher mortality rates. Conversely,
declining levels during treatment are often
interpreted as indicators of therapeutic response and
favorable prognosis. These dynamic changes
suggest that inflammatory biomarkers may play a
role not only in diagnosis but also in risk

481

stratification and clinical decision-making in
critically ill patients (6).

Despite the growing body of evidence, the
interpretation of CRP and PCT levels in ICU
settings remains complex. Factors such as renal
dysfunction, immunosuppression, major surgery,
trauma, and chronic inflammatory conditions can
influence biomarker concentrations and limit their
diagnostic accuracy. Additionally, reported cutoff
values for predicting bacterial sepsis and adverse
outcomes vary widely across studies, reflecting
differences in study design, patient populations,
infection sources, and laboratory assays. This
heterogeneity has led to ongoing debate regarding
the optimal use of these biomarkers in routine
clinical practice (7). Several clinical guidelines have
incorporated CRP and PCT into sepsis management
algorithms, particularly to support antimicrobial
stewardship initiatives. PCT-guided antibiotic
discontinuation strategies have been shown to
reduce antibiotic exposure without increasing
mortality in certain ICU populations. However, the
strength of recommendations varies, and some
guidelines emphasize that biomarkers should
complement rather than replace clinical judgment
and microbiological data. The lack of consensus
highlights the need for a comprehensive synthesis of
existing evidence to clarify the prognostic and
diagnostic roles of CRP and PCT in bacterial sepsis
(8). Moreover, advancements in sepsis definitions,
such as the transition from SIRS-based criteria to the
Sepsis-3 framework, have influenced how studies
evaluate biomarker performance. The emphasis on
organ dysfunction and the Sequential Organ Failure
Assessment (SOFA) score has prompted researchers
to reassess the relationship between inflammatory
markers and sepsis severity. Understanding how
CRP and PCT correlate with modern sepsis
definitions is essential for ensuring their relevance
in contemporary critical care settings (9).

In recent years, numerous observational studies,
randomized controlled trials, and meta-analyses
have explored the diagnostic accuracy and
prognostic significance of CRP and PCT in ICU
patients with suspected or confirmed bacterial
sepsis.  While some studies report strong
associations between elevated biomarker levels and
adverse outcomes, others demonstrate limited or
inconsistent predictive value. These conflicting
findings may stem from methodological differences,
small sample sizes, or variations in timing and
frequency of biomarker measurement (10).
Additionally, the comparative performance of CRP
and PCT remains an area of active investigation.
Some studies suggest that PCT outperforms CRP in
distinguishing bacterial sepsis from non-infectious
inflammation, while others indicate that combined
biomarker approaches may enhance diagnostic
accuracy. Evaluating whether one marker is superior
or whether their combined use offers incremental



Med. Psychol. Health Res. J. (2025), Volume 1, Issue 12, 480-486

prognostic value is crucial for optimizing sepsis
management strategies in the ICU (11).

The economic implications of biomarker-guided
sepsis care also warrant consideration. While CRP
testing is relatively inexpensive and widely
accessible, PCT assays are costlier and may not be
readily available in all healthcare settings.
Determining the clinical benefit  and
cost-effectiveness of routine PCT measurement is
particularly ~ important  in  resource-limited
environments, where judicious allocation of
healthcare resources is essential (12).

Another important consideration is the temporal
trend of biomarkers rather than single baseline
measurements. Increasing evidence suggests that
changes in CRP and PCT levels over time may
provide more meaningful prognostic information
than absolute values alone. Serial monitoring can
reflect the trajectory of the inflammatory response
and help clinicians identify patients at risk of
deterioration or treatment failure. However, optimal
timing and frequency of measurements remain
unclear (13). Despite extensive research, gaps
persist in the literature regarding standardized cutoff
values, patient subgroups most likely to benefit from
biomarker assessment, and the integration of CRP
and PCT into multimodal diagnostic frameworks.
Addressing these gaps requires a systematic and
rigorous evaluation of existing studies to synthesize
evidence, identify sources of heterogeneity, and
inform future research directions (14).

Furthermore, ICU populations are inherently
diverse, encompassing medical, surgical, trauma,
and immunocompromised patients. The
performance of inflammatory biomarkers may vary
significantly across these subgroups, emphasizing
the need for subgroup-specific analyses. A
comprehensive overview of available data can help
clinicians tailor biomarker use to specific clinical
contexts and improve individualized patient care
(15). In light of the ongoing burden of bacterial
sepsis, the limitations of current diagnostic methods,
and the expanding but heterogeneous evidence on
inflammatory biomarkers, a structured synthesis of
the literature is essential. Therefore, the present
study was designed as a systematic review to assess
and summarize the prognostic value of C-reactive
protein and procalcitonin in the diagnosis of
bacterial sepsis among patients admitted to intensive

Number of included studies
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care units, with the aim of providing clinically
relevant insights for critical care practitioners and
researchers.

Material and methods

This study was conducted as a systematic review to
evaluate the prognostic value of C-reactive protein
and procalcitonin in the diagnosis of bacterial sepsis
among intensive care unit patients. A
comprehensive literature search was performed in
PubMed/MEDLINE, Scopus, Web of Science,
Embase, and the Cochrane Library without any time
restrictions, covering all studies published up to the
final search date. The search strategy combined
controlled vocabulary and free-text terms using
Boolean operators as follows: (“sepsis” OR
“bacterial sepsis” OR “septic shock”™ AND
(“C-reactive  protein” OR “CRP”) AND
(“procalcitonin” OR “PCT”) AND (“intensive care
unit” OR “ICU” OR “critically ill patients™).
Reference lists of relevant articles were also
manually screened to identify additional eligible
studies. The search strategy was adapted
appropriately for each database to ensure sensitivity
and completeness, and all retrieved records were
systematically screened according to predefined
inclusion and exclusion criteria.

Results

The distribution of included studies according to the
inflammatory biomarkers assessed demonstrates a
clear predominance of investigations focusing on
procalcitonin and combined biomarker approaches,
while a smaller proportion evaluated C-reactive
protein alone. This pattern reflects the growing
clinical interest in procalcitonin as a more
infection-specific biomarker for bacterial sepsis in
intensive care unit settings. The substantial number
of studies assessing both CRP and procalcitonin
suggests an increasing recognition of their
complementary diagnostic and prognostic roles,
particularly in improving risk stratification and
clinical decision-making. Conversely, the relatively
limited number of CRP-only studies may indicate a
shift away from reliance on nonspecific
inflammatory markers toward more targeted
biomarker strategies in contemporary sepsis
research (figure 1).

CRP + Procalcitonin

Biomarker category

Figure 1. Distribution of included studies by biomarker assessed. Bars indicate the number of studies evaluating
CRP alone, procalcitonin alone, or both biomarkers
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The forest plot illustrates a consistent association narrower confidence intervals and more robust
between elevated inflammatory biomarker levels effect sizes, suggesting greater prognostic precision
and adverse clinical outcomes among intensive care compared with CRP. The combined evaluation of
unit patients with suspected or confirmed bacterial both  biomarkers further strengthened risk
sepsis. Across the included outcomes, increased discrimination, indicating potential additive value in
concentrations of procalcitonin and C-reactive clinical assessment. Overall, these findings support
protein were generally associated with higher odds the utility of inflammatory biomarkers particularly
of unfavorable endpoints, such as mortality, septic procalcitonin as meaningful prognostic indicators in
shock progression, or prolonged ICU stay, as the early stratification and management of septic
reflected by odds ratios predominantly exceeding patients in critical care settings (figure 2).

unity. Procalcitonin-related estimates demonstrated

PCT - ICU Stay

PCT - Mortality -

CRP - ICU Stay

CRP - Mortality - 1
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Figure 2. Forest plot of the association between elevated inflammatory biomarkers and clinical outcomes in
ICU patients with suspected or confirmed bacterial sepsis.

The risk-of-bias assessment indicates that the sepsis biomarker research. The presence of these
majority of included studies were judged to have a biases may have contributed to heterogeneity in
low risk across key methodological domains, effect estimates and underscores the need for
particularly in outcome measurement and selective cautious interpretation of pooled findings. Overall,
reporting, suggesting an overall acceptable level of while the evidence base demonstrates reasonable
internal validity. Nevertheless, a notable proportion methodological quality, these results highlight the
of studies were rated as having unclear or high risk importance of more rigorously designed prospective
in domains related to participant selection and studies to strengthen the reliability of
confounding control, reflecting inherent limitations biomarker-based prognostic conclusions (figure 3).

of observational designs commonly employed in
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Figure 3. Risk of bias assessment across included studies by domain. Bars represent the number of studies rated
as low, unclear, or high risk of bias for each methodological domain

Discussion combined biomarker strategies, a consistent
The present systematic review synthesizes current association between elevated biomarker levels and
evidence on the diagnostic and prognostic relevance adverse clinical outcomes, and an evidence base of
of inflammatory biomarkers in bacterial sepsis generally acceptable methodological quality
among critically ill patients. Overall, the findings tempered by limitations inherent to observational
indicate a growing emphasis on procalcitonin and research. Collectively, these results underscore the
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evolving role of inflammatory biomarkers in
refining early risk assessment and guiding clinical
decision-making in intensive care settings.

The predominance of studies focusing on
procalcitonin, either alone or in combination with
C-reactive protein, likely reflects advances in
understanding the pathophysiology of sepsis and the
limitations of nonspecific inflammatory markers.
Procalcitonin is more closely linked to bacterial
infection through cytokine-mediated pathways and
is less influenced by noninfectious inflammatory
conditions than CRP. This biological specificity has
increased its appeal in critical care, where rapid and
accurate differentiation between infectious and
noninfectious causes of systemic inflammation is
essential for timely antimicrobial stewardship and
patient management. These factors plausibly explain
the observed shift in research focus toward
procalcitonin-centered investigations. (16)

The frequent evaluation of combined CRP and
procalcitonin  strategies  suggests  increasing
recognition that sepsis is a heterogeneous syndrome
unlikely to be adequately characterized by a single
biomarker. CRP reflects a broad hepatic acute-phase
response, while procalcitonin more directly mirrors
bacterial burden and systemic infection severity.
When assessed together, these markers may capture
complementary dimensions of the host response,
enhancing diagnostic confidence and prognostic
accuracy. This integrative approach aligns with
contemporary precision-medicine paradigms in
sepsis, which emphasize multimodal assessment
rather than reliance on isolated laboratory
parameters. (17)

The relatively limited number of studies assessing
CRP alone may indicate diminishing confidence in
its standalone prognostic utility in critically ill
patients. Although CRP remains widely available
and inexpensive, its lack of specificity and delayed
kinetic response reduce its effectiveness in early
sepsis recognition and outcome prediction. In
complex ICU populations, where trauma, surgery,
and chronic comorbidities frequently coexist, CRP
elevations may be difficult to interpret.
Consequently, research efforts appear to be
transitioning away from CRP-only models toward
biomarkers with greater clinical discrimination. (18)
The forest plot findings demonstrate a consistent
association  between elevated inflammatory
biomarker levels and unfavorable clinical outcomes,
supporting their prognostic relevance in sepsis.
Elevated procalcitonin and CRP levels likely reflect
heightened  systemic  inflammation, immune
dysregulation, and increased bacterial load, all of
which contribute to organ dysfunction and disease
progression. These biomarkers may therefore act as
surrogates for underlying path biological processes
that drive morbidity and mortality in septic patients,
explaining their association with worse outcomes
across diverse ICU populations. (19)
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Procalcitonin-related estimates exhibited narrower
confidence intervals and more robust effect sizes
than those observed for CRP, suggesting superior
prognostic precision. This finding may be attributed
to the rapid induction and decline of procalcitonin in
response to changes in bacterial infection severity,
allowing for more dynamic risk stratification. In
contrast, CRP levels often remain elevated despite
clinical improvement, potentially diluting its
prognostic signal. The Kkinetic advantages of
procalcitonin likely contribute to its stronger and
more consistent associations with adverse outcomes
in the included studies. (20)

The enhanced risk discrimination observed when
both biomarkers were evaluated concurrently further
supports the concept of additive prognostic value.
Combined biomarker assessment may reduce
misclassification by integrating signals of both
generalized inflammation and infection-specific
responses. This approach may be particularly
beneficial in borderline or diagnostically uncertain
cases, where single-marker thresholds fail to capture
clinical complexity. Such findings reinforce calls for
multimarket algorithms in sepsis care, rather than
isolated biomarker-based decision-making. (21)
The overall acceptable methodological quality
observed across studies strengthens confidence in
the directionality of the reported associations, yet
the presence of bias in certain domains warrants
cautious interpretation. Selection bias and residual
confounding were common concerns, reflecting the
predominance of observational designs in this field.
In critically ill populations, unmeasured variables
such as illness severity, treatment timing, and
comorbid conditions may influence both biomarker
levels and outcomes, potentially inflating or
attenuating observed associations. (22)

The contribution of confounding factors is
particularly relevant when interpreting prognostic
biomarker studies, as inflammatory markers may act
as indicators of disease severity rather than
independent predictors of outcome. Elevated
biomarker levels could therefore reflect downstream
consequences of advanced organ dysfunction rather
than causal determinants of mortality or prolonged
ICU stay. This distinction is crucial for clinical
translation and highlights the need for careful
adjustment and stratification in future research. (23)
Heterogeneity in study design, patient populations,
biomarker cut-offs, and outcome definitions likely
contributed to variability in effect estimates.
Differences in sepsis definitions, timing of
biomarker measurement, and laboratory assay
methods may further complicate cross-study
comparisons. Such methodological diversity is
characteristic of sepsis research and underscores the
importance of standardized protocols to improve
comparability and synthesis of future evidence. (24)
Despite these limitations, the collective findings
support the clinical utility of inflammatory
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biomarkers, particularly procalcitonin, in early risk
stratification of septic patients. When integrated
with clinical judgment and other diagnostic tools,
biomarker assessment may facilitate earlier
identification of high-risk individuals, prompt
escalation of care, and more tailored therapeutic
strategies. These advantages are especially relevant
in resource-constrained ICU environments where
rapid decision-making is critical. (25)

The results also have implications for antimicrobial
stewardship, as biomarker-guided approaches may
help  optimize  antibiotic  initiation  and
discontinuation.  Procalcitonin-based algorithms
have been proposed to reduce unnecessary antibiotic
exposure without compromising patient safety. The
demonstrated prognostic associations reinforce the
potential role of biomarkers not only in outcome
prediction but also in guiding therapeutic intensity
and duration. (26)

Conclusion

Finally, the identified methodological gaps
emphasize the need for rigorously designed
prospective studies to clarify the independent
prognostic value of inflammatory biomarkers.
Future research should prioritize standardized
biomarker measurement, robust adjustment for
confounding, and evaluation of combined biomarker
panels within well-defined sepsis cohorts. Such
efforts are essential to translate biomarker research
into reliable, evidence-based tools that meaningfully
improve outcomes for critically ill patients with
sepsis.
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