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Background: Systemic inflammation is common in hospitalized adults and may arise from infectious or non-infectious conditions.
Several biomarkers, including WBC, neutrophil count, CRP, PCT, IL-6, and NLR, are widely used in clinical practice but may provide
non-equivalent clinical information. Platelets are active participants in inflammatory responses, yet relationships between inflamma-
tory biomarkers and platelet dynamics in hospitalized populations remain incompletely characterized.

Methods: This single-center retrospective study included 321 hospitalized adults between December 2024 and December 2025.
Baseline biomarkers included WBC, absolute neutrophil count, platelet count, CRP, PCT, IL-6, and dNLR, analyzed according to
availability. Spearman correlation assessed biomarker relationships. Infection-related and non-infectious diagnoses, classified using
primary clinical diagnoses and available clinical documentation, were compared using the Mann—Whitney U-test. Longitudinal
associations between inflammatory changes and platelet dynamics were evaluated using changes during hospitalization.

Results: WBC and neutrophil count were strongly correlated (r = 0.95, p < 0.0001). CRP was moderately correlated with PCT (r = 0.34,
p = 0.002), and PCT was positively correlated with IL-6 (r = 0.55, p < 0.001). Age was not significantly associated with CRP (r = —0.12,
p = 0.153) but showed a modest correlation with dNLR (r = 0.165, p = 0.003). CRP, PCT, and IL-6 were higher in infection-related diagnoses
than in non-infectious conditions (all p < 0.05). In longitudinal analyses, increases in PCT were associated with decreases in platelet counts
(r=-0.45, p <0.0001), while CRP showed a weaker inverse association with platelet changes (r = —0.21, p = 0.034).

Conclusion: Inflammatory biomarkers in hospitalized adults demonstrated heterogeneous correlation patterns consistent with partially
distinct inflammatory responses rather than a single uniform inflammatory signal. Leukocyte-based markers and cytokine-associated
biomarkers represented partially independent components of systemic inflammation. Dynamic increases in inflammatory activity were
associated with platelet decline during hospitalization.
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Introduction

Systemic inflammation is a frequent feature of acute illness in hospitalized patients and can be triggered by a wide range of
infectious and non-infectious conditions.' Laboratory biomarkers play a central role in supporting clinical decision-making,
particularly when infection is suspected.> Commonly measured markers include leukocyte-based indices (eg, white blood cell
count [WBC] and absolute neutrophil count), cytokine-associated and acute-phase markers (eg, C-reactive protein [CRP],
procalcitonin [PCT], and interleukin-6 [IL-6]), as well as platelet counts that often change in parallel with systemic
inflammation.*

Leukocyte-based markers such as WBC and neutrophil count primarily reflect bone marrow stimulation and redis-
tribution of circulating leukocytes during stress and inflammation.® NLR integrates neutrophil predominance and relative
lymphocyte suppression and has been proposed as an indicator of systemic inflammatory stress.”* In contrast, cytokine-
associated markers such as IL-6 represent upstream inflammatory signaling,” while CRP and PCT reflect downstream
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acute-phase responses.'”'! However, interpretation of these biomarkers in infection diagnosis remains challenging
because CRP and IL-6 are not infection-specific, and PCT may also increase in some non-infectious inflammatory
conditions, including major tissue injury, surgery, trauma, organ dysfunction, autoimmune disease, and malignancy.'”

Despite these biological differences, inflammatory biomarkers are often interpreted together at the bedside as interchange-
able indicators of “inflammation.” Most prior biomarker studies have focused on selected populations, such as patients with
sepsis, critical illness, or specific infectious syndromes.'® In contrast, less is known about how these biomarkers relate to one
another in broader hospitalized populations, where infectious and non-infectious conditions frequently coexist and biomarker
testing is performed under routine clinical conditions. Studying a heterogeneous hospitalized cohort is therefore clinically
relevant because it reflects real-world biomarker interpretation, although such heterogeneity also introduces potential
confounding. Prior studies have shown that commonly used inflammatory markers may display discordant patterns in
hospitalized patients, reflecting heterogeneity in the inflammatory response.'® These observations suggest that systemic
inflammation may involve multiple partially independent inflammatory domains rather than a single linear biomarker axis.

In addition to leukocyte and cytokine responses, platelets are increasingly recognized as active participants in
inflammatory and immune processes. Beyond their traditional role in hemostasis, platelets interact with leukocytes and
endothelial cells and contribute to thromboinflammatory responses during systemic inflammation.'>'® Thrombocytopenia
during hospitalization may also reflect multiple mechanisms, including coagulation activation, medication exposure, liver
disease, renal dysfunction, bleeding, hemodilution, and overall illness severity.'” Platelet counts frequently decline during
severe inflammatory conditions such as sepsis, suggesting a potential link between inflammatory activation and platelet
dynamics.'® However, the relationship between routine inflammatory biomarkers and platelet changes in general
hospitalized populations remains incompletely understood.

Therefore, the present study aimed to systematically evaluate inflammatory biomarker patterns in hospitalized
patients. Specifically, we sought to (1) examine the structural relationships among commonly measured inflammatory
biomarkers, (2) compare biomarker levels between infection-related and non-infectious diagnoses, and (3) investigate

longitudinal associations between inflammatory changes and platelet dynamics during hospitalization.

Methods
Study Design and Study Subjects

This retrospective observational study was conducted at Zhangpu County Hospital. Medical records of consecutively
hospitalized adult patients admitted between December 1, 2024 and December 31, 2025 were reviewed through the
electronic medical record system. Patients were eligible for inclusion if they met the following criteria: (1) age >18 years
at the time of hospitalization with at least one elevated inflammatory biomarker based on the institutional laboratory
reference range; (2) availability of laboratory measurements for white blood cell count (WBC) and platelet count; (3)
availability of at least one inflammatory biomarker measurement, including C-reactive protein (CRP), procalcitonin
(PCT), or interleukin-6 (IL-6); and (4) sufficient clinical documentation allowing identification of the primary clinical
diagnosis. Patients were excluded if they had hematologic malignancies, bone marrow disorders, chronic thrombocyto-
penia unrelated to acute illness, or ongoing chemotherapy or immunosuppressive therapy that could substantially alter
leukocyte or platelet counts. During the study period, 321 hospitalized adults met the inclusion criteria and were included
in the final analysis cohort. To avoid repeated observations, only the first hospitalization episode for each patient during
the study period was included.

This study was designed as an exploratory retrospective analysis of routinely collected clinical laboratory data.
Laboratory testing was performed according to clinical need rather than a prespecified research protocol.

This study was conducted in accordance with the Declaration of Helsinki. The study was reviewed and approved by
the ethics committee of Zhangpu County Hospital (Approval No: 2026KY003). Because the study involved retrospective
analysis of anonymized clinical data and posed minimal risk to participants, the requirement for written informed consent

was waived. All patient identifiers were removed prior to analysis to ensure confidentiality.
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Data Collection
Clinical and laboratory data were extracted from electronic medical records by trained investigators. The collected
variables included demographic characteristics (age and sex), the primary clinical diagnosis, and laboratory measure-
ments of inflammatory biomarkers. Laboratory parameters analyzed in this study included: WBC; absolute neutrophil
count; platelet count; CRP; PCT and IL-6. For patients with multiple measurements during hospitalization, the first
available measurement was defined as the baseline value for cross-sectional analyses. When repeated measurements were
available, the first and last recorded values during hospitalization were used for exploratory longitudinal change analyses.

CRP, PCT, and IL-6 were measured as part of routine clinical care and were not available for all patients. Therefore,
analyses involving these biomarkers were performed using available cases for each biomarker or biomarker pair. For
correlation analyses, only patients with both variables available were included. No imputation was performed for missing
biomarker values. Sample sizes for each analysis are reported in the relevant tables and figure legends.

Because biomarker testing was ordered according to clinical judgment rather than a standardized study protocol,
missing biomarker data may not have been random. Patients who underwent CRP, PCT, or IL-6 testing may have differed
clinically from those without these measurements, particularly with respect to suspected infection or illness severity.

Calculation of Inflammatory Indices

Because absolute lymphocyte counts were not directly available in the dataset, conventional neutrophil-to-lymphocyte
ratio (NLR) could not be calculated. Therefore, the derived neutrophil-to-lymphocyte ratio (INLR) was calculated using
the previously described formula: ANLR = absolute neutrophil count/(WBC — absolute neutrophil count). In this formula,
WBC — absolute neutrophil count represents the non-neutrophil leukocyte fraction rather than lymphocytes alone.
Therefore, dNLR was interpreted as an approximate leukocyte-derived inflammatory index rather than as a direct

substitute for conventional NLR.'*-2°

Classification of Infection-Related and Non-Infectious Diagnoses

Patients were categorized into infection-related and non-infectious diagnostic groups based on the primary clinical
diagnosis and available clinical documentation recorded in the medical record. Diagnoses suggestive of infection,
including infection, pneumonia, sepsis, cholangitis, and fever with documentation suggesting suspected infection, were
classified as infection-related diagnoses. Fever alone was not considered equivalent to confirmed infection; however, in
this retrospective analysis, fever documented as the primary clinical diagnosis was included in the infection-related
diagnostic group because it commonly reflected clinical suspicion of infection. All remaining diagnoses were categorized
as non-infectious conditions. This classification was used for exploratory comparison of inflammatory biomarker levels
between infection-related and non-infectious clinical presentations. Because standardized physician adjudication, micro-
biologic confirmation, imaging criteria, and antibiotic exposure data were not uniformly available for all patients, this
classification should be interpreted as an infection-related diagnostic grouping rather than definitive infection status.

Longitudinal Analysis of Inflammatory Changes

For patients with multiple laboratory measurements during hospitalization, longitudinal changes in inflammatory markers were
evaluated. The change in each parameter was calculated as: Avalue = last recorded value — first recorded value. These changes
were used to explore relationships between inflammatory biomarker changes and platelet changes during hospitalization.
Longitudinal analyses focused on the associations between changes in inflammatory biomarkers (ACRP, APCT, AIL-6 and
AdNLR) and corresponding changes in platelet counts. Because the timing and frequency of laboratory testing were determined
by clinical care, repeated measurements were not obtained at standardized intervals. Therefore, the longitudinal analyses were
considered exploratory and were not intended to model full biomarker trajectories or treatment effects over time.

Statistical Analysis
Continuous variables were assessed for distribution using visual inspection of histograms and the Shapiro—Wilk test.
Because most inflammatory markers showed non-normal distributions, non-parametric statistical methods were applied.
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Age was reported as mean + standard deviation (SD). Laboratory biomarkers demonstrated skewed distributions and
were therefore summarized as medians with interquartile ranges (Q1-Q3). Categorical variables are presented as counts
and percentages. Associations between continuous variables were evaluated using Spearman’s rank correlation coeffi-
cient (r). Comparisons between infection-related and non-infectious diagnostic groups were performed using the Mann—
Whitney U-test. For patients with repeated laboratory measurements, associations between longitudinal inflammatory
changes and platelet dynamics were evaluated using Spearman correlation analysis. All analyses were conducted as
exploratory available-case analyses. Exact sample sizes were reported for each analysis because biomarker availability
varied across patients. All statistical tests were two-sided, and p < 0.05 was considered statistically significant. Statistical

analyses were performed using GraphPad Prism version 10.0.

Results

Baseline Patient Characteristics

A total of 321 hospitalized adults were included in the study cohort. The mean age of the population was 67.31 & 18.72 years,
and 195 patients (60.7%) were male, while 126 patients (39.3%) were female. Baseline laboratory measurements demon-
strated substantial variability across the cohort. The median white blood cell (WBC) count was 6.99 x10°/L (Q1-Q3: 4.30—
11.30; n=320), and the median absolute neutrophil count was 5.06 x 10°/L (Q1-Q3: 2.75-9.42; n = 317). The median platelet
count was 75 x10%/L (Q1-Q3: 51-130; n = 321). Inflammatory biomarkers showed markedly skewed distributions. The
median C-reactive protein (CRP) level was 41.21 mg/L (Q1-Q3: 7.20-114.71; n = 149). The median procalcitonin (PCT)
level was 0.62 ng/mL (Q1-Q3: 0.19-6.83; n = 162), and the median interleukin-6 (IL-6) level was 181.85 pg/mL (Q1-Q3:
36.92-1176.12; n = 145). The derived neutrophil-to-lymphocyte ratio (ANLR) had a median value of 3.45 (Q1-Q3: 1.72-7.88;
n = 317). Detailed baseline characteristics are presented in Table 1.

Correlation Structure of Inflammatory Biomarkers

Spearman correlation analysis revealed distinct relationships among inflammatory biomarkers. A very strong positive
correlation was observed between WBC count and absolute neutrophil count (r = 0.95, p < 0.0001, n = 317), indicating
that neutrophil counts closely track overall leukocyte levels (Figure 1A). Among cytokine-associated biomarkers, CRP
showed a moderate positive correlation with PCT (r = 0.34, p = 0.002, n = 77) (Figure 1B). The strongest association
among cytokine markers was observed between PCT and IL-6 (r = 0.55, p < 0.001, n = 134) (Figure 1C). A modest
association was observed between dNLR and platelet counts (r = 0.18, p = 0.001, n = 317) (Figure 1D). The overall

correlation structure among inflammatory biomarkers is summarized in Table 2.

Table | Baseline Characteristics of the Study Population

Variable Value Available n
Age (years) 67.31 + 18.72 n =321
Male sex, n (%) 195 (60.7%) n =321
WBC (x10°/L) 6.99 (4.30-11.30) n =320
Neutrophil (x10%/L) | 5.06 (2.75-9.42) n=2317
Platelet (x10°/L) 75.00 (51.00-130.00) n =321
CRP (mg/L) 41.21 (7.20-114.71) n =149
PCT (ng/mL) 0.62 (0.19-6.83) n=162
IL-6 (pg/mL) 181.85 (36.92-1176.12) | n =145
dNLR 3.45 (1.72-7.88) n=2317

Note: Values are presented as mean + SD or median (Q1-Q3).
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Figure | Correlation structure among inflammatory biomarkers. (A) Relationship between total white blood cell count (WBC) and absolute neutrophil count showing
a strong positive correlation (Spearman r = 0.95, p < 0.0001, n = 317). (B) Relationship between C-reactive protein (CRP) and procalcitonin (PCT) demonstrating
a moderate positive correlation (r = 0.34, p = 0.002, n = 77). (C) Relationship between procalcitonin (PCT) and interleukin-6 (IL-6) showing a significant positive association
(r = 0.55, p < 0.001, n = 134). (D) Relationship between derived neutrophil-to-lymphocyte ratio (dNLR) and platelet count demonstrating a modest correlation (r = 0.18,
p = 0.001, n = 317). Each point represents an individual. Correlations were evaluated using Spearman correlation analysis.

Association Between Age and Inflammatory Biomarkers
The relationships between age and inflammatory biomarkers were evaluated using Spearman correlation analysis

(Table 3). Age showed no significant correlation with several inflammatory biomarkers, including WBC (r = 0.000,
p = 0.995), neutrophil count (r = 0.083, p = 0.144), CRP (r = —0.118, p = 0.153), PCT (r = —0.080, p = 0.313), and IL-6
(r=-0.046, p = 0.585). In contrast, age demonstrated a weak but statistically significant positive correlation with platelet
counts (r = 0.233, p < 0.001) and with dNLR (r = 0.165, p = 0.003) (Figure 2). These findings suggest that age had
limited influence on most inflammatory biomarkers in this cohort.

Table 2 Spearman Correlation Matrix of Inflammatory Biomarkers

WBC Neutrophil Platelet CRP PCT IL-6 dNLR
WBC 1.00 (—; n=320) 0.95 (<0.0001; n=317) | 0.28 (<0.001; n=320) | 0.4 (0.003; n=149) | 0.24 (0.002; n=162) | 021 (0.011;n=145) | 0.52 (<0.001; n=317)
Neutrophil | 0.95 (<0.0001; n=317) | 1.00 (—; n=317) 0.30 (<0.001; n=317) | 0.29 (<0.001; n=148) | 031 (<0.001; n=161) | 0.24 (0.004; n=145) | 071 (<0.001; n=317)
Platelet 028 (<0.001; n=320) | 0.30 (<0.001; n=317) | 1.00 (—; n=32I) ~0.04 (0.628; n=149) | —0.15 (0.050; n=162) | -0.01 (0.905; n=145) | 0.18 (0.001; n=317)
CRP 0.24 (0.003; n=149) 029 (<0.001; n=148) | —0.04 (0.628; n=149) | 1.00 (—; n=149) 0.34 (0.002; n=77) 027 (0.019; n=75) 039 (<0.001; n=148)
PCT 0.24 (0.002; n=162) 031 (<0.001; n=161) | —0.15 (0.050; n=162) | 0.34 (0.002; n=77) 100 (—; n=162) 0.55 (<0.001; n=134) | 0.39 (<0.001; n=161)
IL-6 021 (0.011; n=145) 0.24 (0.004; n=145) ~0.01 (0.905; n=145) | 0.27 (0.019; n=75) 0.55 (<0.001; n=134) | 1.00 (—; n=145) 0.24 (0.004; n=145)
dNLR 052 (<0.001; n=317) | 0.71 (<0.001; n=317) | 0.18 (0.001; n=317) | 0.39 (<0.001; n=148) | 0.39 (<0.00I; n=161) | 0.24 (0.004; n=145) 1,00 (—; n=317)

Notes: Values are presented as Spearman correlation coefficients with p values and available-case sample sizes: r (p; n). dNLR, derived neutrophil-to-lymphocyte ratio.
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Table 3 Correlation Between Age and
Inflammatory Biomarkers

Biomarker | r p value | Available n

WBC 0.000 0.995 n =320

Neutrophil 0.083 0.144 n=2317

Platelet 0.233 <0.001 n =321
CRP —0.118 | 0.153 n =149
PCT —0.080 | 0.313 n=162
IL-6 —0.046 | 0.585 n= 145
dNLR 0.165 0.003 n=317

Comparison Between Infection-Related and Non-Infectious Diagnoses

Patients were categorized according to infection-related diagnoses. Cytokine-associated inflammatory biomarkers were
significantly higher in the infection-related group. Specifically, CRP, PCT, and IL-6 levels were all elevated in patients with
infection-related diagnoses compared with those with non-infectious conditions (all p < 0.05) (Figure 3 and Table 4). In
contrast, leukocyte-based markers showed weaker discrimination between the two groups. WBC count, neutrophil count,
and platelet count did not differ significantly between infection-related and non-infectious diagnoses, whereas dNLR
showed a modest but statistically significant increase in the infection group. Overall, these findings suggest that cytokine-
associated biomarkers, particularly CRP and PCT, demonstrated stronger differentiation between infection-related and non-

infectious clinical presentations than total leukocyte counts.

Longitudinal Associations Between Inflammatory Changes and Platelet Dynamics

Among patients with repeated laboratory measurements during hospitalization, longitudinal changes in inflammatory
biomarkers were evaluated to explore their relationship with platelet dynamics (Table 5). Spearman correlation analysis
showed that changes in PCT levels were significantly associated with changes in platelet counts (r = —0.45, p < 0.0001)
(Figure 4A), indicating that increases in inflammatory activity were accompanied by decreases in platelet counts.
Changes in CRP demonstrated a weaker but statistically significant inverse association with platelet dynamics
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Figure 2 Associations between age and inflammatory biomarkers. (A) Relationship between age and platelet count, showing a weak but statistically significant positive
correlation (Spearman r = 0.233, p < 0.001, n = 321). (B) Relationship between age and derived neutrophil-to-lymphocyte ratio (dNLR) demonstrating a modest positive
correlation (r = 0.165, p = 0.003, n = 317). Each point represents an individual.
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Figure 3 Comparison of inflammatory biomarkers between infection-related and non-infectious diagnoses. (A) CRP levels were significantly higher in infection-related diagnoses
(p <0.0001). (B) PCT levels were significantly elevated in infection-related diagnoses (p = 0.002). (C) IL-6 concentrations were also higher in infection-related diagnoses (p = 0.040).
(D) The derived neutrophil-to-lymphocyte ratio (dNLR) was modestly increased in infection-related diagnoses (p = 0.042). Bars indicate mean * SD, and individual points represent
individual patients. *p < 0.05, **p < 0.01, ****p < 0.0001. Group comparisons were performed using the Mann—Whitney U-test.

(r = —0.21, p = 0.034) (Figure 4B). In contrast, changes in IL-6 and dNLR showed no significant relationship with
platelet changes. Overall, these results suggest that PCT dynamics showed the strongest association with platelet changes
during hospitalization.

Table 4 Comparison of Inflammatory Biomarkers Between Infection-Related and Non-
Infectious Diagnoses

Marker Infection-Related Non-Infectious p value
WBC (x10°/L) 7.88 (5.38-13.07), n=77 6.85 (4.16-11.24), n=243 0.192
Neutrophil (x10%/L) | 5.75 (3.68-9.89), n=75 4.68 (2.71-8.70), n=242 0.116
Platelet (x10°/L) 68 (47-111), n=77 76 (52.75-133), n=244 0.136
CRP (mg/L) 109.82 (49.75-167.05), n=40 | 22.29 (4.88-74.41), n=109 <0.0001
PCT (ng/mL) 2.20 (0.43-32.20), n=4I 0.42 (0.16-2.54), n=121 0.002
IL-6 (pg/mL) 220.37 (68.76-4591.92), n=33 | 146.85 (25.68-720.66), n=112 | 0.040
dNLR 4.54 (1.77-10.50), n=75 3.12 (1.71-7.14), n=242 0.042

Notes: Values are presented as median (QI-Q3). Differences between groups were evaluated using the Mann—

Whitney U-test.

Table 5 Longitudinal Association Between Inflammatory
Changes and Platelet Dynamics

Biomarker Change | Spearman r | p value | Available n
ACRP vs APlatelet —0.21 0.034 n =149
APCT vs APlatelet —0.45 <0.0001 | n=162
AIL-6 vs APlatelet —0.08 0.41 n=145
AdNLR vs APlatelet —0.11 0.27 n =226

Notes: A indicates the last recorded value minus the first recorded value during
hospitalization.
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Figure 4 Longitudinal associations between infllmmatory changes and platelet dynamics. (A) Changes in procalcitonin (APCT, ng/ml) were strongly associated with
decreases in platelet counts (* I09/L) (Spearman r = —0.45, p < 0.0001, n = 162). (B) Changes in C-reactive protein (ACRP, mg/L) demonstrated a weaker but statistically
significant inverse association with platelet changes (r = —0.21, p = 0.034, n = 149). Each point represents an individual with repeated laboratory measurements. Because
laboratory testing was performed according to clinical need, the timing between first and last measurements was not standardized. A indicates the last recorded value minus
the first recorded value during hospitalization.

Discussion

In this retrospective study of hospitalized adult patients, we examined the relationships among commonly used
inflammatory biomarkers and explored their association with infection-related diagnoses and platelet dynamics.
Several important findings emerged. First, leukocyte-based markers demonstrated a strong internal correlation, with
WBC closely tracking neutrophil counts. Second, cytokine-associated inflammatory biomarkers—including CRP, PCT,
and IL-6—showed moderate interrelationships but were not strongly correlated with leukocyte counts. Third, infection-
related diagnoses were associated with higher CRP, PCT, IL-6, and dNLR values, whereas total leukocyte counts showed
weaker discrimination between infectious and non-infectious conditions. Finally, longitudinal analyses showed that
increases in inflammatory activity, particularly reflected by PCT dynamics, were associated with reductions in platelet
counts during hospitalization. Together, these findings support the concept that routinely measured inflammatory
biomarkers capture related but non-equivalent aspects of systemic inflammation in hospitalized adults.

Our correlation analyses revealed a strong association between WBC and neutrophil counts, which is consistent with
the biological role of neutrophils as the predominant circulating leukocyte population during acute inflammatory
responses. Neutrophil mobilization from bone marrow and peripheral pools represents a central component of the host
response to infection and systemic stress.’® Previous studies have shown that neutrophil counts rise rapidly during
inflammatory activation and often account for the majority of changes in total leukocyte counts during acute illness.”'
In this context, the strong correlation between WBC and neutrophil count observed in our study likely reflects the
physiological dominance of neutrophil responses in systemic inflammatory states.

In contrast, cytokine-associated biomarkers demonstrated a different pattern of relationships. CRP, PCT, and IL-6
showed moderate correlations with one another but were less closely related to leukocyte counts. This observation is
consistent with the biological cascade underlying acute inflammatory responses. Interleukin-6 functions as an upstream
pro-inflammatory cytokine produced by activated immune and stromal cells during infection and tissue injury. IL-6
stimulates hepatic synthesis of acute-phase proteins, including CRP, which is widely used as a biomarker of systemic
inflammation and has been associated with clinical outcomes in hospitalized patients.’**® PCT represents another
inflammation-related biomarker, particularly associated with bacterial infection, and is thought to be induced through
cytokine-mediated pathways during systemic inflammatory activation.”* The moderate correlations observed among
these biomarkers in our cohort therefore align with their shared—but not identical—biological regulation. These patterns
are clinically relevant because CRP, PCT, and IL-6 are influenced by overlapping but distinct biological and clinical
factors, including infection, tissue injury, organ dysfunction, and overall illness severity. Therefore, discordance among
CRP, PCT, IL-6, and leukocyte-based markers is not unexpected in a heterogeneous hospitalized population and may help
explain why individual biomarkers can be difficult to interpret when used in isolation.

Another notable finding of our study was the difference in biomarker profiles between infection-related and non-
infectious clinical presentations. Patients with infection-related diagnoses demonstrated significantly higher CRP, PCT,
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IL-6, and dNLR values, whereas WBC and neutrophil counts did not significantly differ between groups. These findings
suggest that cytokine-associated inflammatory markers may provide stronger discrimination between infectious and non-
infectious conditions than total leukocyte counts in hospitalized populations. At the same time, this comparison should be
interpreted in the context of the study design. Infection-related grouping was based on clinical documentation rather than
standardized adjudication using microbiologic confirmation, imaging criteria, antibiotic exposure, or independent phy-
sician review. In addition, CRP, PCT, and IL-6 were ordered according to clinical need. As a result, biomarker
availability and levels may have been influenced by clinician concern, suspected infection severity, or overall disease
severity. These factors may contribute to the observed group differences, but they also reflect the real-world clinical
setting in which these biomarkers are commonly used. However, substantial overlap between groups was also observed,
indicating that inflammatory biomarkers primarily reflect host inflammatory activation rather than disease-specific
processes alone. This observation is consistent with previous reports demonstrating that markers such as CRP and
PCT can be elevated in a variety of inflammatory states beyond infection.'*

Age-related analyses in our cohort revealed limited associations between age and most inflammatory biomarkers.
Specifically, age was not significantly correlated with WBC, neutrophil count, CRP, PCT, or IL-6 levels. However,
modest positive associations were observed between age and both platelet count and dNLR. These findings suggest that
acute disease-related inflammatory processes may outweigh baseline age-related variation in inflammatory biomarkers
within hospitalized populations. Although aging has been associated with chronic low-grade inflammatory activation®>—
often referred to as “inflammaging”—the acute inflammatory responses associated with hospitalization may dominate
biomarker patterns in this clinical setting. Because comorbidities, diagnosis mix, and illness severity were not adjusted
for in this exploratory analysis, the age-related findings should be interpreted as descriptive.

An additional observation of interest was the relationship between inflammatory changes and platelet dynamics
during hospitalization. Longitudinal analyses demonstrated that increases in PCT were associated with decreases in
platelet counts, while CRP changes showed a weaker inverse association with platelet dynamics. Platelets are increas-
ingly recognized as active participants in immune and inflammatory processes, interacting with leukocytes and endothe-
lial cells during infection and systemic inflammatory responses.”® In conditions such as sepsis, platelet activation and
consumption may contribute to reductions in circulating platelet counts. The inverse association observed between
inflammatory escalation and platelet levels in our study is therefore consistent with the emerging concept of “immuno-
thrombosis,” in which inflammatory and coagulation pathways interact during systemic inflammatory activation.”” The
observed relationship between rising PCT and falling platelet counts therefore highlights a potentially important
connection between inflammatory escalation and platelet dynamics. However, platelet decline during hospitalization is
multifactorial. It may reflect sepsis severity, coagulation activation, disseminated intravascular coagulation, medication
exposure, liver disease, renal dysfunction, bleeding, hemodilution, procedures, or ICU-level illness. Therefore, this
association should be viewed as a clinically relevant signal that requires further evaluation rather than as evidence of
a direct causal pathway.

Taken together, our findings suggest that inflammatory biomarkers commonly used in clinical practice may reflect
partially distinct domains of the host inflammatory response. Leukocyte-based markers appear to represent cellular
mobilization of the innate immune system, whereas cytokine-associated markers more directly reflect inflammatory
signaling and acute-phase responses. Platelet dynamics may represent an additional component of this integrated
inflammatory network. Understanding these distinct but interacting components of systemic inflammation may help
improve interpretation of inflammatory biomarkers in hospitalized patients. From a clinical perspective, these results
support the importance of interpreting inflammatory biomarkers as complementary rather than interchangeable measures.
Discordance among WBC, neutrophil count, CRP, PCT, IL-6, dNLR, and platelet trends may provide useful context
during assessment of hospitalized adults, particularly when infection-related and non-infectious inflammatory conditions
overlap. Nevertheless, this study was not designed to establish diagnostic thresholds, prognostic cutoffs, treatment-
response algorithms, or outcome prediction models.

Several limitations should be acknowledged. First, this study was retrospective and conducted at a single center,
which may limit generalizability. Second, not all inflammatory biomarkers were available for every patient, and some
analyses therefore included smaller subsets of the cohort. Because biomarker testing was ordered according to clinical
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need, missingness may have reflected suspected infection, illness severity, or clinician concern. Third, lymphocyte counts
were not directly available in the dataset; therefore, conventional NLR could not be calculated. Although dNLR has been
used in previous studies when differential leukocyte counts are incomplete, dNLR should be interpreted as an approx-
imate leukocyte-derived inflammatory index rather than a direct substitute for conventional NLR. Fourth, infection-
related diagnoses were classified using clinical documentation rather than standardized adjudication, microbiologic
confirmation, imaging criteria, or antibiotic exposure data. Fifth, the longitudinal analyses used the last recorded value
minus the first recorded value during hospitalization, and laboratory timing was not standardized. Therefore, these
analyses do not capture full biomarker trajectories, hospitalization duration, treatment effects, or changes in clinical
severity over time. Clinical outcomes, including length of hospital stay, ICU admission, and mortality, were not
consistently available in the anonymized dataset and therefore could not be evaluated in relation to biomarker patterns.
Finally, the observational design of this study precludes causal inference regarding relationships between inflammatory
biomarkers and platelet dynamics.

In conclusion, this exploratory retrospective study provides a systematic evaluation of relationships among commonly
used inflammatory biomarkers in hospitalized adults. Our findings suggest that leukocyte-based and cytokine-associated
inflammatory markers represent partially distinct components of the host inflammatory response. In addition, dynamic
increases in inflammatory activity—particularly reflected by PCT—were associated with reductions in platelet counts
during hospitalization. These observations highlight the complex and multidimensional nature of systemic inflammatory
responses in clinical settings. The association between increasing PCT and declining platelet counts highlights
a potentially important relationship between inflammatory escalation and platelet dynamics during hospitalization.
Future prospective studies with standardized biomarker testing, adjudicated diagnostic classification, clinical outcome
data, and multivariable adjustment are needed to validate these findings and determine their clinical significance.
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