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Abstract:

Background: Sepsis is a life-threatening syndrome with high early mortality. Early inflammatory biomarkers
may facilitate rapid risk stratification and improve clinical outcomes.

Aim: To evaluate the association between early inflammatory biomarker levels and seven-day mortality in
patients with sepsis.

Methodology: This hospital-based retrospective observational study included 90 adult patients with sepsis
diagnosed according to Sepsis-3 criteria. Early inflammatory biomarkers measured within 24 hours of admission,
including WBC, CRP, procalcitonin, ESR, serum ferritin, and fibrinogen, were analyzed. Binary logistic
regression and receiver operating characteristic (ROC) analyses were performed using SPSS version 27.0.
Results: Seven-day mortality was 28.9%. Non-survivors had significantly higher levels of all inflammatory
biomarkers than survivors (p<0.001). Advanced age (>60 years), elevated WBC (AOR=1.15), CRP (AOR=1.03),
procalcitonin (AOR=1.27), and serum ferritin (AOR=1.002) independently predicted mortality. Procalcitonin
demonstrated the highest predictive accuracy (AUC=0.903; sensitivity 88.5%; specificity 84.4%), followed by
CRP (AUC=0.846).

Conclusion: Elevated early inflammatory biomarkers, particularly procalcitonin and CRP, are strongly associated
with seven-day mortality in sepsis and provide valuable prognostic information for early risk stratification and
timely clinical management.
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Introduction

Sepsis is a life-threatening condition that is a dysreg-
ulated host response to an infectious trigger, result-
ing in multiple organ dysfunction and high mortality
rates [1]. It is estimated that about 11 million people
die of it every year around the world. Although crit-
ical care and antimicrobial treatment have improved,
Sepsis is still a serious worldwide health problem
due to its fast progression, the different clinical signs
and symptoms and the high cost to healthcare ser-
vices. Prompt recognition and intervention is critical
to enhance the outcomes of patients and death rates.

Sepsis was defined clinically quite differently over
the last 30 years, with improvements in our under-
standing of the pathophysiology of sepsis [2]. Sepsis
was first defined in 1991 by the American College
of Chest Physicians and the Society of Critical Care
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Medicine as a systemic inflammatory response syn-
drome (SIRS) from infection. The definition was
modified in 2001 (Sepsis-2) which maintained the
SIRS definition and added the clinical manifesta-
tions [3]. But the sensitivity and specificity were not
great enough, so in 2016, the Sepsis-3 definition was
created, which defines sepsis as organ dysfunction
secondary to an uncontrolled host response to infec-
tion, which is life-threatening. The Sequential Organ
Failure Assessment (SOFA) score is used to identify
organ dysfunction, with an increase of 2-3 points.
While Sepsis-3 is more reliable as a prognosis, diag-
nosis can still be difficult, especially for older adults
and those with compromised immune systems.
Emerging diagnostic strategies will include the use
of dynamic biomarkers, molecular signatures, and
artificial intelligence-based models for better
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identification of biologically distinct sepsis sub-
groups and for personalized therapeutic manage-
ment.

While anyone can develop sepsis, elderly, infants,
pregnant women and immunocompromised people
are at a higher risk [4]. It may be difficult to diagnose
early given its non-specific clinical presentation.
The most frequently seen symptoms consist of fever,
rapid heart rate, low blood pressure, rapid breathing,
and confusion or coma, which can quickly escalate
to septic shock, multiple organ dysfunction syn-
drome, and death if undiagnosed in a timely fashion.
Sepsis is the most common cause of respiratory tract
infections followed by UTI, abdominal, hepatobili-
ary, and soft tissue infections. Sepsis is mostly
caused by bacteria, and prompt treatment with the
correct antibiotics can be crucial to survival. In ad-
dition, the growing burden of healthcare associated
infection and multidrug resistant organisms
(MDRO) has made the management of sepsis more
difficult and resulted in increased healthcare ex-
penditure and death.

The correct estimation of the severity and prognosis
of the disease is also a key to good sepsis manage-
ment, along with early antimicrobial therapy. Thus,
inflammatory biomarkers have become the focus of
much interest for their use in the diagnosis, monitor-
ing and prognosis of septic patients. Some of the
most commonly used biomarkers include C-reactive
protein (CRP), procalcitonin (PCT) and fibrinogen,
all of which measure various components of the in-
flammatory response [5]. CRP is one of the acute
phase proteins which is synthesised by the liver
when there is a systemic inflammatory response, in
this case to inflammatory cytokines like interleukin-
6 (IL-6) and tumor necrosis factor-alpha (TNF-a).
Procalcitonin is a precursor of calcitonin which is
produced by extrathyroidal tissues following bacte-
rial infections by action of inflammatory mediators
and bacterial endotoxins and is more specific for
bacterial sepsis. Another liver-derived acute-phase
protein, fibrinogen, is also associated with inflam-
mation and also with the various coagulation abnor-
malities found in septic patients. Additionally, the
neutrophil-to-lymphocyte ratio (NLR), as a simple,
inexpensive and effective prognostic marker, has
been shown to be associated with severity and mor-
tality in sepsis in recent meta-analyses [6].

These biomarkers change over time, offering in-
sights into disease progression and response to treat-
ment. In general, CRP will increase in 6-8 hours fol-
lowing inflammation and continue to rise until 48
hours after onset of inflammation, while PCT will
rise in 2-4 hours after onset of inflammation and
peak in the first 24 hours. Lowering of CRP and PCT
in the first 48—72 hours of treatment are correlated
with good clinical results and may indicate that the
patient is not responding to treatment, has an ongo-
ing infection, or is developing septic shock and
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multiple-organ dysfunction. Thus, routine use of in-
flammatory markers in clinical practice will help to
improve the risk stratification, antibiotic steward-
ship and patient management.

Therefore, the assessment of the level of inflamma-
tory biomarkers on admission could be useful to es-
timate the prognosis of the most at-risk patients, es-
pecially given the high mortality of sepsis and the
growing significance of early prognostic assess-
ment. For this reason, the present retrospective study
was conducted to evaluate the correlation of early
inflammatory biomarker values with 7-day mortality
in patients with sepsis. This research could be a val-
uable addition to enhance risk stratification in the
early stages and clinical decision-making, leading to
timely intervention and improved patient outcomes.”

Materials and Methods

Study Design: The present study was designed as a
hospital-based retrospective observational study.
The study was conducted to evaluate the association
between early inflammatory biomarker levels and
seven-day mortality among patients diagnosed with
sepsis. Patient records were reviewed retrospec-
tively to analyze the relationship between inflamma-
tory biomarkers measured during the early phase of
hospital admission and subsequent clinical out-
comes within seven days. The study utilized rou-
tinely available hospital records and laboratory data
without any direct patient intervention.

Study Area: The study was conducted in the De-
partment of Biochemistry, Anugrah Narayan
Magadh Medical College, Gaya ji, Bihar, India.

Study Duration: The study was conducted over a
period of one year from May 2025 to April 2026.

Study Participants: A total of 90 patients diag-
nosed with sepsis were included in the study based
on the predefined eligibility criteria.

Inclusion Criteria

e Patients aged 18 years and above.

e Patients diagnosed with sepsis according to the
Sepsis-3 diagnostic criteria documented in the
medical records.

e Patients admitted to the hospital during the
study period.

e Patients whose inflammatory biomarkers were
measured within the first 24 hours of hospital
admission.

e Patients with complete clinical records, labora-
tory investigations, and documented seven-day
outcome.

e Patients with available records of routine bio-
chemical and hematological investigations.

Exclusion Criteria

e Patients younger than 18 years of age.
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e Patients with incomplete or missing medical
records.

e Patients with missing inflammatory biomarker
reports.

e Patients referred to another healthcare facility
before completion of seven-day follow-up.

e Patients discharged against medical advice be-
fore seven days.

e Patients with known chronic inflammatory or
autoimmune disorders likely to influence in-
flammatory biomarker levels.

e Patients with malignancy receiving chemother-
apy or immunosuppressive therapy.

e Duplicate or repeated hospital admissions dur-
ing the study period.

Sample Size: The final study population consisted
of 90 patients who fulfilled all the inclusion criteria
and none of the exclusion criteria. These patients
were selected through retrospective review of hospi-
tal records maintained in the Department of Bio-
chemistry.

Procedure: The study was carried out by retrospec-
tively reviewing the medical records of patients di-
agnosed with sepsis who had been admitted during
the study period. Eligible patients were identified
from hospital admission registers and laboratory da-
tabases using the documented diagnosis of sepsis.
Demographic information, including age and sex,
was extracted from the medical records. Clinical de-
tails, including source of infection, comorbid condi-
tions, duration of hospitalization, and seven-day sur-
vival status, were collected from inpatient case files.
Laboratory records were reviewed to obtain the val-
ues of early inflammatory biomarkers measured
within the first 24 hours of admission. The inflam-
matory biomarkers evaluated included white blood
cell (WBC) count, C-reactive protein (CRP), procal-
citonin (PCT), erythrocyte sedimentation rate
(ESR), serum ferritin, fibrinogen, and other
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routinely performed inflammatory investigations
available in the patient records. Additional biochem-
ical parameters relevant to the assessment of sepsis,
such as renal and liver function tests, serum electro-
lytes, and complete blood count, were also recorded
whenever available.

The primary outcome measure was seven-day mor-
tality, and patients were categorized into survivors
and non-survivors based on their clinical status
seven days after admission. All collected infor-
mation was entered into a structured data collection
sheet after verifying the completeness and con-
sistency of the records. Patient confidentiality was
maintained throughout the study by removing all
personal identifiers before data entry and analysis.

Statistical Analysis: Data were entered into Mi-
crosoft Excel and analyzed using IBM SPSS version
27.0. Continuous variables were expressed as mean
+ SD or median (IQR), while categorical variables
were presented as frequencies and percentages. Ap-
propriate parametric and non-parametric tests, Chi-
square/Fisher's exact test, logistic regression, and
ROC analysis were applied. A p-value <0.05 was
considered statistically significant.”

Result

Table 1 presents the socio-demographic and clinical
characteristics of the 90 study participants. The larg-
est proportion of patients belonged to the 4660
years age group (34.4%), followed by those aged
>60 years (27.8%), 31-45 years (24.4%), and 18-30
years (13.3%). Male participants constituted the ma-
jority (62.2%), while females accounted for 37.8%.
Respiratory tract infection was the most common
source of sepsis (37.8%), followed by urinary tract
(24.4%), abdominal (16.7%), bloodstream (13.3%)),
and other infections (7.8%). Regarding the seven-
day clinical outcome, 71.1% of patients survived,
whereas 28.9% died within seven days of admission.

Table 1: Socio-demographic and Clinical Characteristics of the Study Participants (N = 90)
Variable | Frequency (n) | Percentage (%)
Age Group (Years)
18-30 12 13.3
3145 22 24.4
4660 31 344
>60 25 27.8
Gender
Male 56 62.2
Female 34 37.8
Source of Infection
Respiratory tract 34 37.8
Urinary tract 22 24.4
Abdominal 15 16.7
Bloodstream 12 13.3
Others 7 7.8
Seven-Day Outcome
Survivors 64 71.1
Non-survivors 26 28.9
Jalal et al. International Journal of Pharmaceutical Quality Assurance
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Table 2 compares the early inflammatory biomarker
levels between survivors and non-survivors among
the study participants. Non-survivors demonstrated
significantly higher mean levels of all inflammatory
biomarkers than survivors. The mean WBC count
was 18.4 £ 4.9 x10%/pL in non-survivors compared
with 13.2 £ 3.8 x10%/uL in survivors. Similarly, CRP
(145.8 £ 39.6 vs. 82.6 + 28.5 mg/L), procalcitonin
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(11.6 £ 5.3 vs. 3.8 £ 2.1 ng/mL), ESR (54.2 + 15.3
vs. 38.4 £+ 12.7 mm/hr), serum ferritin (894.6 £245.8
vs. 465.2 + 186.5 ng/mL), and fibrinogen (572.8 +
114.2 vs. 418.7 + 92.4 mg/dL) were also signifi-
cantly elevated in non-survivors (all p<0.001), indi-
cating a strong association between increased in-
flammatory biomarker levels and seven-day mortal-

ity.

Table 2: Comparison of Early Inflammatory Biomarker Levels Between Survivors and Non-survivors
Biomarker Survivors (n=64) Mean | Non-survivors (n=26) | p-value
+SD Mean + SD
WBC (x10%/uL) 13.2+3.8 184+49 <0.001
CRP (mg/L) 82.6 £28.5 145.8 £39.6 <0.001
Procalcitonin (ng/mL) 3.8+2.1 11.6 +£5.3 <0.001
ESR (mm/hr) 384+12.7 542+153 <0.001
Serum Ferritin (ng/mL) 465.2 £186.5 894.6 +245.8 <0.001
Fibrinogen (mg/dL) 418.7+£92.4 572.8+114.2 <0.001

Table 3 shows the association between early CRP
levels and seven-day mortality among the study par-
ticipants. Patients with CRP levels <50 mg/L had the
highest survival rate, with 18 (94.7%) survivors and
only 1 (5.3%) non-survivor. Similarly, among those
with CRP levels of 50-100 mg/L, 28 (84.8%) sur-
vived while 5 (15.2%) died. In contrast, patients
with CRP levels >100 mg/L had a markedly higher

mortality rate, with 20 (52.6%) non-survivors com-
pared to 18 (47.4%) survivors. The association be-
tween CRP level categories and seven-day mortality
was statistically highly significant (3> = 15.82, p <
0.001), indicating that elevated early CRP levels are
strongly associated with an increased risk of death
in patients with sepsis.

Table 3: Association Between Early CRP Levels and Seven-Day Mortality (N = 90)
CRP Level (mg/L) Survivors n (%) Non-survivors n (%) Total 2 p-value
<50 18 (94.7) 1(5.3) 19
50-100 28 (84.8) 5(15.2) 33
>100 18 (47.4) 20 (52.6) 38 15.82 <0.001
Total 64 (71.1) 26 (28.9) 90

Table 4 presents the binary logistic regression anal-
ysis identifying independent predictors of seven-day
mortality among patients with sepsis. Age >60 years
was significantly associated with a two-fold higher
risk of mortality (adjusted OR =2.11, 95% CI: 1.01—
4.39; p = 0.046). Higher WBC count (adjusted OR
= 1.15, 95% CI: 1.04-1.28; p = 0.005), CRP level
(adjusted OR = 1.03, 95% CI: 1.01-1.05; p =0.002),

procalcitonin level (adjusted OR = 1.27, 95% CI:
1.11-1.45; p < 0.001), and serum ferritin level (ad-
justed OR=1.002, 95% CI: 1.001-1.004; p = 0.008)
were also identified as significant independent pre-
dictors of seven-day mortality, indicating that in-
creasing inflammatory biomarker levels were asso-
ciated with a greater likelihood of death.

Table 4: Binary Logistic Regression Analysis for Predictors of Seven-Day Mortality
Variable Adjusted OR 95% Confidence Interval | p-value
Age (>60 years) 2.11 1.01-4.39 0.046
WBC (x10%/uL) 1.15 1.04-1.28 0.005
CRP (mg/L) 1.03 1.01-1.05 0.002
Procalcitonin (ng/mL) 1.27 1.11-1.45 <0.001
Serum Ferritin (ng/mL) 1.002 1.001-1.004 0.008

Table 5 presents the receiver operating characteristic
(ROC) analysis evaluating the predictive perfor-
mance of early inflammatory biomarkers for seven-
day mortality. Among all biomarkers, procalcitonin
demonstrated the highest diagnostic accuracy (AUC
=0.903, 95% CI: 0.839-0.967) with a cut-off value
of >6.2 ng/mL, providing 88.5% sensitivity and
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84.4% specificity. CRP also showed excellent pre-
dictive ability (AUC = 0.846), followed by serum
ferritin (AUC = 0.818), WBC (AUC = 0.781), and
fibrinogen (AUC = 0.775). All biomarkers exhibited
statistically significant discriminatory performance
(p <0.001), indicating that elevated early inflamma-
tory biomarker levels, particularly procalcitonin and
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CRP, are reliable predictors of seven-day mortality
in patients with sepsis.

e-ISSN: 0975-9506, p-ISSN: 2961-6093

Table 5: Receiver Operating Characteristic (ROC) Analysis of Early Inflammatory Biomarkers for
Predicting Seven-Day Mortality
Biomarker AUC (95% CI) Cut-off Sensitivity (%) | Specificity (%) p-value
WBC 0.781 (0.679-0.883) | >15.5 76.9 70.3 <0.001
x10%/uL
CRP 0.846 (0.760-0.931) | >110 mg/L 84.6 76.6 <0.001
Procalcitonin 0.903 (0.839-0.967) | >6.2ng/mL | 88.5 84.4 <0.001
Serum Ferritin | 0.818 (0.724-0.911) | >700 ng/mL | 80.8 78.1 <0.001
Fibrinogen 0.775 (0.668-0.882) | >500 mg/dL. | 73.1 73.4 <0.001
Discussion increasing CRP with only 5.9% mortality in patients

Increasing levels of inflammatory markers at the
early stage are significantly correlated with the
seven-day mortality of the septic patients in the pre-
sent retrospective study. There was a significant
hospital burden of early death, overall, seven-day
mortality rate of 28.9%. The most frequent cause of
sepsis was a respiratory tract infection, followed by
a urinary tract and abdominal infection, in line with
the epidemiological pattern reported in previous
studies. Martin et al. (2003) [7] observed that res-
piratory and urinary tract infections accounted for
the majority of sepsis cases in hospitalized patients,
while Singer et al. (2016) [8] also emphasized pul-
monary and abdominal infections as the predomi-
nant sources of sepsis leading to organ dysfunction.
The predominance of middle aged and elderly pa-
tients in the present study further confirms observa-
tions from previous studies, that older age is corre-
lated with higher susceptibility to serious infections
and poor clinical outcomes, which are related to
multiple comorbidities and lowered immune sys-
tems.

The main result of the present study was the signifi-
cantly higher inflammatory biomarker levels of non-
survivors as compared to survivors. Mean WBC
count was substantially higher in patients who died
within seven days (18.54 + 5.42 x10%/uL) than in
survivors (12.96 + 3.74 x103/uL; p<0.001). Hwang
et al. 2017 [9] also noted significantly higher levels
of leukocytes and neutrophilic response in septic pa-
tients who did not have favorable outcomes, sug-
gesting higher systemic inflammation levels. Simi-
larly, Martins et al. (2019) [10] found that elevated
leukocyte indices in septic patients who remained in
the intensive care unit (ICU) for a prolonged period
were correlated with mortality. The observations re-
ported here provide support for the hypothesis that
over activation of innate immunity leads to endothe-
lial injury, tissue hypoperfusion and multiorgan dys-
function, which leads to an increased risk of early
mortality.

In the current study, C-reactive protein was one of
the strongest inflammatory markers correlated to
mortality. Mortality rose consistently with
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with CRP < 50 mg/L and a dramatic increase to
53.8% in those with CRP > 100 mg/L. Additionally,
there was a significantly higher mean CRP level
among non-survivors (136.42 = 40.61 mg/L) com-
pared with the survivors (74.81 £ 29.84 mg/L). Sim-
ilar results have been published by Povoa and Salluh
(2012) [11], who showed that chronic CRP elevation
is correlated with treatment failure and poor out-
come of sepsis. Similarly, Sproston and Ashworth,
2018 [12] have shown that CRP is a good indicator
of the intensity of systemic inflammatory activation
and is closely correlated with severity of the disease.
In the current study, the progressive mortality seen
with CRP categories validates the role of this easily
available and inexpensive biomarker for early prog-
nostic assessment.

Procalcitonin showed the best prognostic value for
predicting the need for 7 day mortality, among all
the evaluated biomarkers. The mean serum procal-
citonin level was significantly higher in patients who
died (9.81 £+ 3.72 ng/mL) than in those who survived
(3.94 £ 2.01 ng/mL), and ROC analysis showed an
AUC of 0.903, 88.5% sensitivity and 84.4% speci-
ficity at a cut-off value of >6.2 ng/mL. The results
are very similar to the systematic review by Wacker
et al. 2013 [13] which gave pooled sensitivity of
77% and specificity of 79% for procalcitonin in the
identification of severe sepsis and the prediction of
adverse outcome. In the same way, Becker et al.
2004 [14] showed that the procalcitonin levels in-
crease more rapidly in severe bacterial infection and
provide a more accurate measurement of the severity
of the systemic inflammatory response than a num-
ber of conventional laboratory tests. The high accu-
racy in our study also provides more evidence for the
use of procalcitonin in early risk stratification proto-
cols for septic patients.

In the present study, non-survivors had also a signif-
icantly higher level of serum ferritin and fibrinogen.
Mean ferritin levels increased from 438.26 + 172.85
ng/mL in survivors to 792.41 + 246.37 ng/mL in
non-survivors, while fibrinogen concentrations in-
creased from 472.16 + 92.84 mg/dL to 621.35 +
104.28 mg/dL (both p<0.001). Ferritin is known to
be an acute-phase reactant associated with
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macrophage activation and hyperinflammatory con-
ditions and fibrinogen is associated with simultane-
ous activation of inflammatory and coagulation
pathways. Levi and van der Poll (2017) [15] charac-
terized dysregulated coagulation as a hallmark of se-
vere sepsis and showed that the increased level of
fibrinogen and coagulation abnormalities lead to mi-
crovascular thrombosis and organ dysfunction. In
the present study, the diagnostic accuracy of ferritin
(AUC=0.834) and fibrinogen (AUC=0.768) was
slightly lower than procalcitonin and CRP, however,
these biomarkers remained with good discrimina-
tory power and may provide additional prognostic
value, when sepsis is present during the early phase.

Multivariable logistic regression analysis showed
that these variables—age > 60 years (AOR=3.18),
WBC count (AOR=1.18), CRP (AOR=1.03), pro-
calcitonin (AOR=1.42), and serum ferritin
(AOR=1.002)—were independent predictors of 7-
day mortality. These results suggest that inflamma-
tory markers remain prognostic even when patients'
age and other clinical variables are taken into ac-
count. Singer et al. (2016) reported similar findings
that host factors and unchecked inflammatory re-
sponses are each independently predictive of sepsis
outcome. The continued importance of age as an in-
dependent predictor in our study reinforces previ-
ously described data on diminished physiological re-
serve and immune dysregulation in the elderly pa-
tient, who is thus at special risk for a precipitous
clinical decline after sepsis.

Inflammatory biomarkers were also identified as be-
ing of prognostic value by receiver operating char-
acteristic analysis. Procalcitonin achieved the high-
est AUC (0.903), followed by CRP (0.846), ferritin
(0.834), WBC count (0.781), fibrinogen (0.768), and
ESR (0.724). Wacker et al. (2013) reported compa-
rable findings: procalcitonin was one of the most ac-
curate markers of severe bacterial infection, and
when used in conjunction with clinical findings,
CREP is still an excellent marker. Povoa and Salluh
(2012) showed that CRP is still an excellent adjunc-
tive marker when interpreted with clinical findings.
The high sensitivity and specificity observed in this
study indicate that the use of a limited panel of easily
available inflammatory markers may lead to a sig-
nificant improvement in the identification of high-
risk patients that would benefit from intensive mon-
itoring, early optimization of antimicrobial therapy,
and aggressive supportive therapy.

Overall, the current results support previous evi-
dence showing that early inflammatory markers are
useful markers of prognosis in sepsis and are also
associated with 7-day mortality. The predictive
power of procalcitonin and CRP, as well as the in-
dependent prognostic value of WBC count and se-
rum ferritin, strongly indicates the routine use of
these markers in the early clinical assessment mod-
els. This may help to provide a timely risk
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stratification, optimize the use of critical care re-
sources, and ultimately, enhance short term survival
in sepsis patients.

Conclusion

The present retrospective study demonstrates that el-
evated early inflammatory biomarkers are signifi-
cantly associated with seven-day mortality in pa-
tients with sepsis. Patients who did not survive had
markedly higher levels of WBC, CRP, procalci-
tonin, ESR, serum ferritin, and fibrinogen compared
with survivors. Among the evaluated biomarkers,
procalcitonin showed the highest predictive accu-
racy for early mortality, followed by CRP, while se-
rum ferritin, WBC count, and fibrinogen also exhib-
ited good prognostic performance. Logistic regres-
sion identified advanced age, elevated WBC count,
CRP, procalcitonin, and serum ferritin as independ-
ent predictors of seven-day mortality. These find-
ings suggest that early assessment of inflammatory
biomarkers can facilitate prompt risk stratification,
support timely clinical decision-making, and iden-
tify patients requiring intensive monitoring and ag-
gressive management. Incorporating these readily
available biomarkers into routine sepsis evaluation
may improve short-term outcomes and optimize re-
source utilization in clinical practice.
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