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Objective: This study investigates the relationship between early dynamic
changes in platelet (PLT) counts and 28-day mortality in Chinese patients with
sepsis, addressing the limitations of previous studies that focused on single
baseline measurements.

Methods: In this retrospective cohort study, 266 sepsis patients admitted to
Shenzhen Second People’s Hospital from January 2023 to December 2024
were included. A dynamic latent class model analyzed the patterns of PLT count
changes during the first week of hospitalization. The Cox proportional hazards
regression model assessed the link between these dynamic changes and 28-
day mortality, supported by sensitivity and subgroup analyses for robustness.
The GAMM model compared PLT change trajectories over 7 days between the
mortality and survival groups.

Results: After adjusting for various variables, participants with gradually
increasing PLT counts (class 2), decreasing counts (class 3), and persistently
low counts (class 4) had hazard ratios (HRs) for 28-day mortality of 1.687 (95%
Cl:0.380, 7.494), 3.710 (95% Cl:1.124, 12.251), and 4.258 (95% Cl:1.435, 12.636)
respectively, compared to those with persistently high PLT counts (class 1). The
GAMM model revealed that PLT counts for patients who died were significantly
lower and had a downward trend, while the survival group’s counts trended
upward; the difference between the two groups generally exhibited an upward
trend after admission, with a calculated average daily increase of 12.919 x 10°/L.

Conclusion: Early dynamic changes in PLT counts (1-7 days) are independently
associated with 28-day mortality in sepsis patients. Those with low and declining
PLT counts are at a higher risk. By dynamically monitoring early changes in
PLT may help identify high-risk patients and inform personalized treatment
strategies, improving outcomes.
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Introduction

Sepsis is a severe syndrome resulting from a misregulated
response of the host to infection, impacting millions of individuals
across the globe each year (1, 2). Despite notable advancements in
critical care practices, sepsis continues to be a leading cause of
mortality worldwide, placing a significant strain on both society
and healthcare systems (3, 4). Recent epidemiological studies
reveal that the mortality rate associated with sepsis in intensive
care units varies between 20 and 40%, influenced by geographic
location and patient demographics (5, 6). Additionally, those who
survive sepsis frequently suffer from long-term complications,
including both physical and cognitive impairments, along with an
elevated risk of subsequent death and hospital readmission (7-9).
These findings highlight the pressing need for dependable
prognostic markers that can aid in the early identification and
management of patients with a high risk of sepsis.

Platelets (PLT) are crucial for coagulation, inflammation, and
immune responses, all of which are closely linked to the
prognosis of sepsis patients (10-13). Inflammation and
endothelial activation due to sepsis can trigger PLT activation
and consumption, leading to PLT sequestration and destruction
(14). Additionally, sepsis impairs megakaryocyte functionality,
which
thrombocytopenia (15). Beyond their role in hemostasis, PLT is

reduces PLT production and further aggravates
also a key player in immune regulation, and PLT depletion may
impair the host’s defense against pathogens and exacerbate the
(16).

demonstrated significant associations between PLT counts and

inflammatory response Numerous studies have
sepsis severity or mortality (17-19). However, some studies have
failed to establish this relationship, and even contradictory
findings have been reported (20, 21). One possible explanation
is that previous studies often relied on single baseline PLT
measurements, which may not reflect the dynamic and
heterogeneous clinical course of sepsis.

There is substantial evidence that PLT counts fluctuate over
time, typically reaching their nadir on the third to fifth day of
hospitalization in sepsis patients. This suggests that, in addition
to baseline PLT counts, the dynamic trajectory of PLT changes
over time may play a crucial role in determining patient
outcomes. Unfortunately, previous research has primarily focused
on the relationship between single-time-point PLT measurements
and sepsis outcomes, with limited attention given to the
prognostic value of longitudinal PLT trajectories derived from
repeated measurements in routine clinical practice. To date, only
two studies have analyzed the association between PLT
trajectories during the first 4 days of intensive care unit (ICU)
admission and in-hospital mortality using publicly available
datasets (22, 23). Therefore, this study aims to conduct a
retrospective cohort analysis to investigate the impact of baseline
PLT counts and their dynamic trajectories during the first week
on 28-day mortality in sepsis patients presenting to the

emergency department.
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Methods
Study design and study population

This retrospective cohort study systematically included sepsis
patients who were admitted to the emergency department from
January 2023 to December 2024. The main independent variables
examined were PLT assessed upon admission and the dynamic
changes in PLT observed during the first week of hospitalization.
The primary outcome of interest was the 28-day mortality among
sepsis patients.

This study focused on sepsis patients who were enrolled
consecutively from January 2023 to December 2024 at Shenzhen
Second People’s Hospital, with diagnoses made according to
established guidelines. Initially, a cohort of 298 sepsis patients was
identified. The inclusion criteria were: (a) patients aged 18 years
or older and (b) those meeting the diagnostic standards for sepsis
as outlined in the Third International Consensus Definitions for
Sepsis and Septic Shock (Sepsis-3) (1). Following this, 32
participants were excluded based on specific criteria: (i) 8 patients
without PLT count data on the first day of hospitalization; (ii) 4
patients with a documented history of thrombocytopenia; and
(iii) 20 patients lacking data on 28-day mortality. Ultimately, 266
participants were retained for the final analysis. The process of
participant selection is illustrated in Figure 1.

Ethical approval and consent

Approval for this study was granted by the Clinical Research
Ethics Committee at Shenzhen Second People’s Hospital (Ethics
Approval Number: 2023-93325-01P]). Given the retrospective
nature of the research, the FEthics Committee waived the
requirement for informed consent. Furthermore, this study was

298 sepsis patients who were treated at the Second People's Hospital of
Shenzhen from January 2023 to December 2024.

32 participants were excluded:
(i) sepsis patients lacking platelet count data
[ on the first day of hospitalization (n=8);
(ii) participants with a clear history of
thrombocytopenia (n=4);
(iii) participants lacking 28-day mortality data
(n=20).

266 participants were included in the final analysis.

FIGURE 1
Flowchart of the selection process for study participants.
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conducted in strict accordance with the principles outlined in the
Declaration of Helsinki and complied with the relevant ethical
standards and regulations specified in the declaration.

Dynamic patterns of PLT changes within
one week in sepsis patients

The independent variables in this study include PLT counts at
admission and their dynamic trajectories within the first week of
hospitalization. It is important to note that PLT levels were not
measured daily after admission, but the number of repeated
measurements was at least two or more. This study classified the
dynamic patterns of PLT changes within the first week of
hospitalization in sepsis patients using the Dynamic Latent Class
Model (DLCM). This type of Model is an extension of traditional
Latent Class Analysis, incorporating time dynamics (dynamic
changes) and latent class analysis to handle observational data
collected at multiple time points. Unlike static latent class models,
the core feature of dynamic latent class models lies in their ability
to capture the transition patterns of classified groups (latent
classes) and the evolving characteristics of these groups over time
(24, 25).

28-day mortality assessment

The primary endpoint of this study was 28-day mortality. Data
on all-cause mortality were collected primarily through the
electronic medical record system and post-discharge telephone
follow-ups. The post-discharge follow-up information was
obtained by trained follow-up personnel through interviews or
telephone conversations.

Covariates

The selection of covariates was based on previous studies and
our clinical expertise (26-28). Continuous variables: white blood
cell count (WBC), cardiac troponin I (cTnl), age, total bilirubin
(TBIL), red blood cell distribution width (RDW), procalcitonin
(PCT), albumin (ALB), lymphocyte count (LYM), aspartate
aminotransferase (AST), lactate (Lac), hemoglobin (HGB),
neutrophil count (NEU), D-dimer (DD), serum creatinine (Scr),
blood urea nitrogen (BUN), mean arterial pressure (MAP),
fibrinogen (FIB), alanine aminotransferase (ALT), carbon dioxide
combining power (CO,CP), Sequential Organ Failure Assessment
score (SOFA score); C-reactive protein (CRP), base excess (BE),
24-h intake (24h_in), 24-h output (24h_out), 24-h fluid balance,
and Acute Physiology and Chronic Health Evaluation II
(APACHE) score. Categorical variables: coronary heart disease
(CHD), mechanical ventilation (MV), Infection site, diabetes
mellitus (DM), sex, chronic kidney disease (CKD), use of
antibiotics within 1 h (ABX < 1 h), history of stroke, hypertension
(HTN), congestive heart failure (CHF), shock, chronic
obstructive pulmonary disease (COPD), malignancy, use of
vasoactive drugs (VAD), and Continuous Renal Replacement
Therapy (CRRT).
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Data collection and measurement

At admission, trained research coordinators collected baseline
data on demographics and medical history, including information on
previous stroke, DM, hypertension, atrial fibrillation, and heart
disease. The severity of illness in sepsis patients was assessed using the
APACHE 1I score and SOFA score by trained Emergency ICU
physicians upon admission. Fluid intake and output were recorded by
experienced Emergency ICU nurses. Baseline blood samples were
collected within hours of admission and analyzed in the clinical
laboratory of Shenzhen Second Peoples Hospital. Analytical
instruments included the Beckman 5,800 automated analyzer and the
Mindray 5,180 hematology analyzer. Experienced technicians
performed rigorous quality control and measurement of laboratory
parameters while maintaining patient confidentiality regarding
baseline information. Repeat measurement data were obtained from
re-examinations conducted during the 24-h hospitalization period
following admission.

Handling of missing data

In our study, missing baseline data were observed for the
following data points: SOFA score (23, 8.65%), Infection site (22,
8.27%), CHF (2, 0.75%), CKD (2, 0.75%), WBC (20, 7.52%), HGB
(20, 7.52%), RDW (20, 7.52%), LYM (22, 8.27%), NEU (22, 8.27%),
Lac (35, 13.16%), PCT (37, 13.91%), CRP (37, 13.91%), FBG (38,
14.29%), MAP (15, 5.64%), Scr (37, 13.91%), FPG (27, 10.15%), ALB
(40, 15.04%), HDL-c (40, 15.04%), LDL-c (40, 15.04%), TG (40,
15.04%), and (40, 15.04%). Missing data in the modeling process
can compromise the statistical validity of the target sample. To
minimize bias introduced by missing variables, multiple imputations
were performed to address the missing data (29, 30). Covariates in
the estimation model included stroke, WBC, NEU, LYM, HGB,
RDW, ALB, TBIL, AST, ALT, BUN, Scr, CO,CP, Lac, cTnl, BNP, FIB,
DD, PCT, CRP, BE, 24h_in, infection site,24h_out, 24-h fluid
balance, MAP, APACHE II score, SOFA score, CHD, DM,
ABX < 1h, HTN, CHE CRI, COPD, VAD, MV, and CRRT (using
linear regression with 10 iterations). The analysis of missing data
was conducted under the assumption of missing at random
(MAR) (30).

Statistical analysis

Statistical analyses were conducted using R software version 3.4.3
and Empower(R) version 4.2. Two-tailed tests were employed, with
significance defined as a p-value of less than 0.05. The DLCM was
utilized to categorize the changes in PLT based on repeated
measurements of PLT counts collected from the day of admission
through day 7 of hospitalization for patients with sepsis. Continuous
variables were reported as medians with interquartile ranges or mean
with standard deviations (SD). Categorical data were presented as
frequencies and percentages. The y* test was applied to assess
differences in categorical variables across the classifications of PLT
trajectories, while Analysis of Variance (ANOVA) and the Kruskal-
Wallis H test were implemented to compare continuous variables
among the groups.
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Three Cox proportional hazards regression models were
developed to assess the relationship between baseline PLT counts
(measured at admission) and 28-day mortality in sepsis patients,
calculating hazard ratios (HRs) and 95% confidence intervals (CIs).
The models were structured as follows: Model I was unadjusted;
Model II included adjustments for age and sex; while Model III
additionally adjusted for age, sex, stroke, WBC, ALB, TBIL, Scr,
CO,CP, Lac, cTInl, FIB, CRP, MAP, ABX < 1 h, 24-h fluid balance,
SOFA score, infection site, CKD, DM, CHE, COPD, VAD, MV, and
CRRT. After categorizing the changes in PLT counts, Cox proportional
hazards regression models were employed to explore the association
between these classifications and the risk of 28-day mortality. Again,
Model I remained unadjusted, Model II accounted for age and sex,
and Model III involved the same adjustments as before. In addition,
the Generalized Additive Mixed Model (GAMM) was utilized to
investigate the relationship between dynamic PLT counts during the
first week and 28-day mortality, examining differences in PLT counts
between survivors and non-survivors throughout this period. GAMM
is commonly used for analyzing repeatedly collected data, particularly
when data sets contain missing values or irregular collection patterns
(31, 32).

To ensure the robustness of the study findings, a comprehensive
series of sensitivity analyses was conducted. Previous studies have
shown a significant association between DM, CKD, and the prognosis
of sepsis (33, 34). In this context, the relationship between patterns of
dynamic changes in PLT and 28-day mortality was further explored,
specifically in sepsis patients without a history of CKD, or
DM. Additionally, to assess the validity of multiple imputation data, a
validation analysis was conducted based on the original data before
imputation. Meanwhile, E-values were also calculated to evaluate the
impact of unknown or unmeasured factors on the relationship
between early dynamic PLT changes in sepsis and 28-day
mortality (35).

A stratified Cox proportional hazards regression model was
employed for subgroup analysis based on factors such as age, sex,
CHD, CKD, DM, hypertension, and shock. Age was initially
dichotomized at clinical thresholds: <60 years and >60 years. In
addition to these stratification variables, the model was adjusted for
other covariates, including age, sex, stroke, WBC, ALB, TBIL, Scr,
CO,CP, Lac, cTnl, FIB, CRP, MAP, ABX < 1 h, 24-h fluid balance,
SOFA score, infection site, CKD, DM, CHE, COPD, VAD, MV, and
CRRT. To evaluate potential interactions, likelihood ratio tests
compared models with and without interaction terms.

Results

Classification of one-week dynamic PLT
changes in sepsis patients based on
dynamic latent class model

Through dynamic latent class analysis, PLT changes in sepsis
patients during the first 7 days of hospitalization were classified into
four categories: Class 1 (n =70): Mean PLT values from day 1 to day
7 after admission were 280.09, 297.72, 310.50, 306.96, 328.26, 317.89,
and 298.32, showing consistently high PLT levels. Class 2 (n = 33):
PLT values from day 1 to day 7 after admission were 158.16, 159.27,
166.27, 198.19, 235.20, 261.36, and 283.91, indicating a gradually
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increasing trend from a relatively low baseline level. Class 3 (n = 44):
PLT values from day 1 to day 7 after admission were 262.52, 234.46,
190.03, 171.21, 140.20, 138.12, and 131.44, showing a gradual
decreasing trend from a relatively high baseline level. Class 4 (1 = 119):
PLT values from day 1 to day 7 after admission were 113.13, 99.17,
97.43, 96.82, 101.74, 105.41, and 111.17, indicating consistently low
PLT levels (Figure 2).

Participant characteristics

A total of 266 participants were included in the analysis,
comprising 161 males and 105 females, with a mean age (+ SD) of
67.86 + 19.00 years. Table 1 summarized the baseline characteristics
of participants classified according to PLT dynamic changes.
Compared to Class 1 (persistently low PLT count), participants in
other classes had higher levels of age, RDW, BUN, Scr, BNP, DD,
SOFA score, Lac, 24-h intake, and APACHE II scores, while ALB,
FBG, 24-h output, and MAP levels were lower. Additionally,
participants in other classes had a higher proportion of hypertension,
urinary tract infection, males, CKD, history of stroke, shock, VAD,
and MV compared to Class 1 (Table 1).

28-day mortality in sepsis patients

During a mean follow-up duration of 24.38 days, 67 participants
succumbed, resulting in an overall mortality of 25.19%. The mortality
for each classification was 5.17% for Class 1, 12.12% for Class 2,
27.27% for Class 3, and 39.50% for Class 4. In comparison to sepsis
patients in Class 1, the 28-day mortality was markedly elevated in the
other classes (Table 2).

In addition, the Kaplan-Meier survival curves illustrate survival
probabilities according to classifications of PLT dynamic changes.
Importantly, participants in classes 3 and 4 exhibited significantly
decreased survival probabilities when compared to those in classes 1
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FIGURE 2

Data visualization of the pattern of dynamic changes in PLT counts in
the early stage (1-7 days) in sepsis patients.
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TABLE 1 The baseline characteristics of participants.

Classification of dynamic changes in PLT within 7 days

10.3389/fmed.2025.1596134

Characteristic Class 1 Class 2
N 70 33 44 119
Age (years) 63.27 +17.95 63.56 + 20.52 67.59 +18.17 71.76 + 18.00 0.014
WBC (x10°/L) 13.45+7.25 13.87 +5.99 15.70 + 7.67 13.02 +12.10 0.473
PLT (x10°/L baseline) 268.27 +47.10 268.27 +47.10 250.70 + 57.89 100.96 + 53.52 <0.001
NEU (x10°/L) 9.94 (6.50-14.12) 10.38 (7.40-14.84) 13.03 (6.90-18.93) 9.43 (5.55-12.55) 0.288
HGB (g/L) 110.02 +19.31 102.82 + 28.74 108.07 + 24.85 101.49 + 23.66 0.079
Lym (x10°/L) 1.05 (0.68-1.28) 0.94 (0.81-1.27) 1.00 (0.61-1.52) 0.77 (0.48-1.23) 0.341
RDW (%) 1427 +2.75 14.88 + 3.56 15.22 +3.62 15.75 + 4.30 0.002
ALB (g/L) 30.35 + 6.72 32.23 +4.95 29.85 + 6.33 28.27 + 6.53 0.009
TBIL (U/L) 16.01 (10.22-27.45) 11.30 (8.10-22.60) 14.00 (13.40-15.75) 15.70 (10.30-24.73) 0.100
AST (U/L) 30.00 (17.00-115.00) 36.00 (21.00-102.52) 31.50 (18.00-76.06) 39.00 (25.00-72.50) 0.506
ALT (U/L) 31.00 (18.50-64.30) 23.30 (8.00-36.00) 18.03 (13.28-40.25) 34.00 (18.50-58.00) 0.085
BUN (mmol/L) 5.60 (3.80-11.52) 5.80 (3.83-8.60) 9.60 (4.70-20.44) 13.20 (7.50-23.07) <0.001
Scr (umol/L) 74.30 (65.20-127.25) 84.77 (63.10-129.05) 98.30 (73.22-170.72) 130.90 (85.30-201.35) 0.005
CO,CP (mmol/L) 21.68 +4.93 22.67 +5.04 21.52 + 457 21.91+5.83 0.794
CTnl (pg/L) 0.01 (0.01-0.08) 0.01 (0.01-0.01) 0.02 (0.01-0.05) 0.02 (0.01-0.10) 0.287
BNP (pg/mL) 471.00 (223.00-1170.00) | 2165.00 (373.00-4752.50) | 1595.00 (700.75-4940.00) | 3980.00 (1870.00— <0.001
11577.56)
DD (mg/L) 2.13 (1.51-3.50) 2.75 (0.93-6.52) 2.77 (0.84-5.41) 7.23 (2.74-14.50) <0.001
FIB (g/L) 5.64+2.13 6.57 +2.39 530 + 1.83 4.16 + 2.04 <0.001
PCT (ng/mL) 22.12 +40.12 12.89 + 29.90 15.32 +30.01 26.70 + 90.69 0.644
CRP (mg/L) 146.39 + 96.63 129.23 + 87.64 110.25 + 93.36 115.45 + 93.78 0.113
BE (mmol/L) —2.83+3.92 —~1.35+3.65 —3.87+6.00 —3.55+5.40 0.177
Lac (mmol/L) 1.70 £ 1.05 1.89 + 1.06 2794271 2.70 + 2.56 0.005
FIO2 84.98 +99.57 112.56 + 148.10 164.07 + 159.85 188.00 + 202.84 <0.001
24h_in (ml) 471.00 (223.00-1170.00) | 471.00 (223.00-1170.00) 1595.00 (700.75-4940.00) | 3980.00 (1870.00— 0.064
11577.56)
24h_out t (ml) 1130.25 (350.00-1950.50) = 1040.50 (150.00-1861.50) = 997.3 (732.38-1423.62) 1351.00 (439.50-1556.00)  0.049
24-h fluid balance (ml) —592.15 (—414.00- —728.90 (—576.90-892.90) | 1876.90 (168.75-3786.38) | 2780.40 (1562.00-5201.90) = 0.010
725.15)
MAP (mmHg) 78.10 + 13.91 77.79 + 15.38 71.55 + 20.29 67.76 + 14.94 0.698
APACHE II score 16.48 (10.67-21.24) 20.20 (13.42-28.63) 21.75 (16.25-29.00) 25.00 (16.00-31.50) <0.001
SOFA score 10.82 +2.83 11.89 + 2.65 12.09 + 2.07 13.83 £2.58 <0.001
Sex 0.008
Male 31 (44.29%) 19 (57.58%) 31 (70.45%) 80 (67.23%)
Female 39 (55.71%) 14 (42.42%) 13 (29.55%) 39 (32.77%)
Hypertension (1, %) 27 (38.57%) 13 (39.39%) 19 (43.18%) 69 (57.98%) 0.035
CHD (n, %) 8 (11.43%) 2 (6.06%) 7 (15.91%) 21 (17.65%) 0.323
CHEF (n, %) 5(7.14%) 3(9.09%) 8 (18.18%) 19 (15.97%) 0.213
CKD (1, %) 3 (4.28%) 4(12.12%) 8 (18.18%) 24 (20.16%) 0.009
DM (n, %) 17 (24.29%) 9 (27.27%) 14 (31.82%) 42 (35.29%) 0.434
Stroke (1, %) 4(5.71%) 7 (21.21%) 10 (22.73%) 25 (21.01%) 0.030
COPD (n, %) 1(1.43%) 1(3.03%) 1(2.27%) 11 (9.24%) 0.073
Malignancy (1, %) 1(1.43%) 3 (9.09%) 5(11.36%) 25 (21.01%) 0.001
Shock (1, %) 18 (25.71%) 11 (33.33%) 28 (63.64%) 72 (60.50%) <0.001
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TABLE 1 (Continued)

Classification of dynamic changes in PLT within 7 days

Characteristic Class 1 Class 2

VAD (n, %) 13 (18.57%) 9 (27.27%) 28 (63.64%) 66 (55.46%) <0.001
MV (1, %) 5 (7.14%) 8 (24.24%) 27 (61.36%) 61 (51.26%) <0.001
ABX<1 h (n, %) 41 (58.57%) 22 (66.7%) 32 (72.73%) 88 (73.95%) 0.105

CRRT (1, %) 2 (2.86%) 5(15.15%) 12 (27.27%) 33 (27.73%) <0.001
Infection site <0.001

Pulmonary 34 (48.57%) 5 (15.15%) 11 (25.00%) 18 (15.13%)
Abdominal cavity 12 (17.14%) 3(9.09%) 2 (4.55%) 12 (10.08%)
Urinary 17 (24.29%) 25 (75.76%) 27 (61.36%) 84 (70.59%)
Others 7 (10.00%) 0 (0.00%) 4(9.09%) 5 (4.20%)

Continuous variables were summarized as mean (SD) or medians (quartile interval); categorical variables were displayed as percentages (%). N, number; WBC, white blood cell count; PLT,
platelet count; NEU, neutrophil count; Lym, lymphocyte count; HGB, hemoglobin; RDW, red blood cell distribution width; ALB, albumin; TBIL, total bilirubin; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen; Scr, serum creatinine; CO,CP, carbon-dioxide combining power; Lac, lactate; CTnl, cardiac troponin I; BNP,
brain natriuretic peptide; FIB, fibrinogen; PCT, procalcitonin; CRP, C-reactive protein; BE, base excess; FIO,, fraction of inspired oxygen; 24h_in, 24-h intake; 24h_out, 24-h output; 24-h fluid
balance; MAP, mean arterial pressure; APACHE II, Acute Physiology and Chronic Health Evaluation II score; SOFA score, Sequential Organ Failure Assessment score; VAD, vasoactive drugs;
MYV, mechanical ventilation; ABX<1 h, antibiotics initiated within 1 h; CRRT, continuous renal replacement therapy; CHD, coronary heart disease; CHE, congestive heart failure; CKD, chronic

kidney disease; DM, diabetes mellitus; COPD, chronic obstructive pulmonary disease.

TABLE 2 28-day mortality for participants with sepsis.

Classification of Participants Death = Mortality
dynamic (n) events (95% CI) (%)
changes in PLT (n)

Total 266 67 25.19 (19.94-30.44)
Class 1 70 4 571 (0.14-11.29)
Class2 33 4 12.12 (0.37-23.87)
Class3 44 12 27.27 (13.58-40.97)
Class4 119 47 39.50 (30.58-48.41)
P for trend <0.001

CI, confidence.

and 2, with class 4 participants demonstrating the greatest risk of
mortality (Figure 3).

Relationship between baseline PLT count
and 28-day mortality in sepsis patients

To explore the association between baseline PLT counts at
admission and 28-day mortality, three Cox proportional hazards
regression models were developed, as outlined in Table 3. In Model I,
a 10 x 10°/L increase in PLT was linked to a 4% decrease in mortality
risk among sepsis patients (HR = 0.960, 95% CI: 0.930-0.991). Model
1T provided similar findings, indicating that each 10 x 10°/L rise in
PLT correlated with a 3.9% reduction in mortality risk (HR = 0.961,
95% CI: 0.931-0.991). Furthermore, in the fully adjusted Model III,
each 10 x 10°/L increase in PLT was associated with a 4.3% decline in
mortality risk (HR = 0.957, 95% CI: 0.928, 0.988).

Additionally, participants were categorized into three groups
according to their baseline PLT counts: <100, 100-200, and >200.
In the multivariable-adjusted model, using those with PLT < 100
as the reference category, the HRs for 28-day mortality were 0.817
(95% CI: 0.456, 1.462) for the 100-200 group and 0.499 (95% CI:
0.250, 0.996) for the >200 group. These findings suggest that
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FIGURE 3
Kaplan—Meier survival curves stratified by classifications of PLT
dynamic changes.

compared to sepsis patients with PLT < 100, those in the 100-200
range had a non-significantly 18.3% lower mortality risk. In
addition, patients with PLT > 200 exhibited a 50.1% reduction in
mortality risk. This trend aligns with the results from the analysis
treating baseline PLT as a continuous variable (P for trend<0.001).

The relationship between the patterns of
dynamic changes in PLT within the first
week of admission in sepsis patients and
28-day mortality

Table 4 presented the relationship between patterns of PLT
dynamic changes and 28-day mortality in patients with sepsis. In
Model I, when compared to class 1, the HRs (95% CI) for 28-day
mortality were 2.170 (0.543, 8.676) for class 2, 5.286 (1.704, 16.391)
for class 3, and 8.367 (3.013, 23.230) for class 4. In Model II, the
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TABLE 3 Relationship between admission PLT count and 28-day
mortality in sepsis patients in different models.

Exposure

Model
I (HR,
95%Cl) p

Model Il
(HR,
95%Cl) p

Model Il
(HR,
95%Cl) p

10.3389/fmed.2025.1596134

TABLE 4 The relationship between dynamic change of PLT and 28-day
mortality in different models.

Exposure

Model | (HR,

95%Cl) p

Model Il (HR,
95%Cl) p

Model Il
(HR,
95%Cl) p

PLT (per 10 x 10°/L) = 0.960 (0.930, 0.961 (0.931, 0.957 (0.928, Classification of dynamic changes in PLT within 7 days
0.991) 0.011 0.991) 0.013 0.988) 0.006 Class 1 Ref Ref Ref
PLT group Class 2 2.170 (0.543,8.676) ~ 2.065 (0.515,8.271) = 1.687 (0.380,
<100%10°/L Ref Ref Ref 0.273 0.306 7.494) 0.492
100-200*10°/L 0.673 (0.388, 0.715 (0.408, 0.817 (0.456, Class 3 5.286 (1.704, 4.778 (1.533, 3.710 (1.124,
1.167) 0.158 1.251) 0.240 1.462) 0.496 16.391) 0.004 14.897) 0.007 12.251) 0.031
>200%10°/L 0.448 (0.228, 0.479 (0.243, 0.499 (0.250, Class 4 8.367 (3.013, 7.435 (2.648, 4.258 (1.435,
0.880) 0.020 0.946) 0.034 0.996) 0.048 23.230) < 0.001 20.880) < 0.001 12.636) 0.009
P for trend <0.001 <0.001 <0.001 Model I did not adjust for any covariates.

Model I did not adjust for any covariates.

Model IT adjusted for age and sex.

Model III adjusted for age, sex, stroke, WBC, ALB, TBIL, Scr, CO,CP, Lac, CTnlI, FIB, CRP,
MAP, ABX<1 h, 24-h fluid balance, SOFA score, infection site, CKD, DM, CHF, COPD,
VAD, MV, and CRRT.

HR, hazard ratio; Ref, reference; CI, confidence.

HRs compared to class 1 were 2.065 (95% CI: 0.515, 8.271) for class
2,4.778 (95% CI: 1.533, 14.897) for class 3, and 7.435 (95% CI:
2.648, 20.880) for class 4. Model III, which accounted for more
potential confounders, revealed adjusted HRs of 1.687 (95%
CI:0.380, 7.494) for class 2, 3.710 (95% CI:1.124, 12.251) for class
3, and 4.258 (95% CI:1.435, 12.636) for class 4, in comparison to
class 1. These findings indicate that relative to class 1 (patients with
consistently high PLT levels), the 28-day mortality risk for class 2
(those with a low baseline PLT count followed by a gradual
increase) was non-significantly increased (68.7%). Relative to class
1, class 3 patients (those with high baseline PLT levels followed by
a gradual decline) had a 2.710-fold increased mortality risk, while
class 4 patients (those with persistently low PLT levels) had a
3.258-fold increased mortality risk.

Relationship between early (1-7 days)
changes in PLT count and 28-day mortality
in patients with sepsis as derived by
generalized additive mixture modeling

The GAMM model was used to illustrate the trajectories of PLT
counts over time for patients in the 28-day survival and mortality
groups, adjusting for confounding factors such as age, sex, stroke,
WBC, Lac, cTnl, FIB, ABX <1 h, 24-h fluid balance, SOFA score,
infection site, CRP, MAP, CHD, DM, CHE, MV, and CRRT (Figure 4).
The baseline PLT count in the survival group was relatively high,
demonstrating an upward trend over time, while the mortality group
had a lower baseline PLT count, showing a downward trend over time.
Table 5 showed the relationship between the early changes in PLT
counts (1-7 days) of septic patients and 28-day mortality. The analysis
revealed that PLT counts in patients who died within 28 days were
significantly lower than those who survived and displayed a downward
trend. The difference between the two groups exhibited an increasing
trend after admission, with an average daily rise of 12.947 x 10°/L. After
adjusting for various variables, this increase was determined to
be 12.919 x 10°/L, indicating robust findings.
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Model IT adjusted for age and sex.

Model III adjusted for age, sex, stroke, WBC, ALB, TBIL, Scr, CO,CP, Lac, CTnl, FIB, CRP,
MAP, ABX<1 h, 24-h fluid balance, SOFA score, infection site, CKD, DM, CHE, COPD,
VAD, MV, and CRRT.

HR, hazard ratio; Ref, reference; CI, confidence.

Sensitivity analysis

Several sensitivity analyses were performed to assess the
robustness of the association between dynamic changes in PLT counts
and 28-day mortality, as detailed in Table 6. First, an analysis was
conducted on sepsis patients without CKD, controlling for various
factors such as age, sex, stroke, WBC, ALB, TBIL, Scr, CO,CP, Lac,
cTnl, FIB, CRP, MAP, ABX < 1 h, 24-h fluid balance, SOFA score,
infection site, CKD, DM, CHE, COPD, VAD, MV, and CRRT. The
findings indicated that, with class 1 as the baseline, the adjusted HRs
(95% CI) were 1.536 (0.342, 6.890) for class 2, 3.341 (1.054, 10.592)
for class 3 and 5.022 (1.752, 14.396) for class 4. Second, when patients
with DM were excluded, similar results were observed after adjusting
for confounding variables. Using class 1 as the reference, the adjusted
HRs (95% CI) were 1.672 (0.305, 9.170) for class 2, 2.840 (1.696, 9.593)
for class 3, and 3.362 (1.330, 9.159) for class 4. Overall, the sensitivity
analyses corroborated the findings from the entire population,
suggesting that the main conclusions of this study are dependable.

In addition, due to the small sample size of Class 2, which may
affect statistical power, and since multivariable Cox proportional
hazards regression (Table 3, Model III) showed no statistically
significant difference in mortality risk between Class 1 (persistently
high PLT levels) and Class 2 (continuously increasing PLT count
within 1 week) sepsis patients, we conducted a sensitivity analysis by
combining these two trajectory classes as the reference group. In
multivariable Cox proportional hazards regression, compared with the
combined Classes 1 + 2, participants with gradually declining PLT
trajectory (Class 3) and persistently low PLT trajectory (Class 4) had
1.68-fold (HR = 2.679, 95%CI: 1.027-6.990, p = 0.043) and 2.53-fold
(HR =3.528,95%CI: 1.506-8.263, p = 0.004) increased mortality risk,
respectively (Supplementary Table S1, Mode III). This is consistent
with the results of multivariable Cox proportional hazards regression
analysis (Table 4, Model IIT), indicating that sepsis patients with PLT
levels that gradually decline from high baseline or remain persistently
low during the first week may have significantly increased
mortality risk.

Furthermore, sensitivity analyses further validated the robustness
of the study findings. To assess the validity of multiple imputation
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Early dynamic changes in PLT counts of septic patients in the 28-day survival and 28-day mortality groups.

TABLE 5 Relationship between early (1-7 days) changes in PLT count
(10°/L) and 28-day mortality in patients with sepsis as derived by
generalized additive mixture modeling (GAMM).

Outcome: Model | Model Il
PLT
B (95%Cl) p p-
(95%ClI)  value
Intercept 151.063 (139.823, <0001 | 178.709 <0.001
162.303) (135.177,
222.241)
Day 4.931 (3.602, 6.259) <0001 | 4930 <0.001
(3.600,
6.260)
Mortality —12.441 (—34.961, 0.280 ~10.679 0.363
10.078) (—33.641,
12.284)
Day x Mortality = —12.947 (—15.592, <0001 | -12919 <0.001
~10.301) (~15.567,
~10.270)

Intercept, the mean of PLT count at day = 1 and mortality = 0; Day, the mean of the
increasing of PLT count at mortality = 1 over time (daily); Mortality, the difference of PLT
count at day = 1 between the group of mortality = 1 and the group of mortality = 0; Day x
mortality, the average increasing in PLT count daily under the condition of the group of
mortality = 1 compared with the group of mortality = 0. Model I: Model I did not adjust for
any covariates. Model IT adjusted for age, sex, stroke, WBC, Lac, CTnl, FIB, ABX<1 h, 24-h
fluid balance, SOFA score, infection site, CRP, MAP, CHD, DM, CHE, MV, and CRRT; CI,
confidence interval.

data, we conducted a validation analysis based on the original data
before imputation. Multivariate Cox proportional hazards regression
showed that compared with Class 1 as the reference group, the HRs
(95% ClIs) for Class 2, Class 3, and Class 4 were 1.499 (0.204, 11.013),
4.860 (1.091, 21.657), and 5.031 (1.065, 23.771), respectively
(Supplementary Table S2, Mode III). These results demonstrate
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TABLE 6 Relationship between classes of dynamic changes in PLT and
28-day mortality risk in different sensitivity analyses.

Model | (HR, Model Il (HR,

95%Cl) p

Classification of dynamic changes in PLT within 7 days

Exposure

95%Cl) p

Class 1 Ref Ref

Class 2 1.536 (0.342, 6.890) 1.672 (0.305, 9.170)
0.575 0.554

Class 3 3.341 (1.054, 10.592) 2.840 (1.696, 9.593)
0.040 0.046

Class 4 5.022 (1.752, 14.396) 3.362 (1.330, 9.159)

0.002 0.006

Model I was a sensitivity analysis in participants without CKD, adjusted for included age,
sex, stroke, WBC, ALB, TBIL, Scr, CO,CP, Lac, CTnl, FIB, CRP, ABX<1 h, 24-h fluid
balance, SOFA score, infection site, MAP, CHE, COPD, VAD, MV, and CRRT.

Model IT was a sensitivity analysis in participants without DM, adjusted for included age, sex,
stroke, WBC, ALB, TBIL, Scr, CO,CP, Lac, CTnlI, FIB, CRP, ABX<1 h, 24-h fluid balance,
SOFA score, infection site, MAP, CHE, COPD, VAD, MV, and CRRT.

HR, hazard ratio; Ref, reference; CI, confidence.

consistency with the conclusions of the post-imputation analysis,
confirming the credibility and validity of the multiple imputation
analysis. Meanwhile, E-value analysis was performed to assess the
potential impact of unmeasured confounding factors. The results
showed that the E-values for each PLT change category (Class 2-4 vs.
Class 1) were 2.23, 4.31, and 4.77, respectively, all of which exceeded
the relative risks between PLT change categories and unmeasured
confounding factors (1.72, 2.93, and 3.20 for Class 2-4 vs. Class 1,
respectively), and were all smaller than the relative risks between
unmeasured confounding factors and 28-day mortality (3.63, 9.57,
and 10.99 for Class 2-4 vs. Class 1, respectively), indicating that
unknown or unmeasured factors are unlikely to significantly influence
the association between early dynamic PLT changes in sepsis and
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28-day mortality. In conclusion, all sensitivity analyses confirmed that
our study results demonstrated considerable robustness and reliability.

Subgroup analysis

Supplementary Table S3 presented the relationship between the
dynamic changes in PLT during the first week of admission and 28-day
mortality among sepsis patients, stratified by potential risk factors. After
adjusting for confounding variables, no significant interactions were
observed between PLT dynamic changes and factors such as age, sex,
shock, hypertension, CHE, CKD, and DM (P-interaction > 0.05). This
indicates that these factors do not affect or modify the association
between 28-day  mortality
(Supplementary Table S3).

PLT dynamic changes and

Discussion

This study employed dynamic latent class analysis to identify
longitudinal PLT count trajectory patterns and validated their association
with the prognosis of sepsis patients. The results revealed that sepsis
patients whose PLT counts showed a marked downward trend from a
relatively high level at admission during the first week had a higher
28-day mortality risk, while those whose PLT counts remained
consistently low during the first week had the highest 28-day mortality
risk. In addition, the GAMM model demonstrated that PLT counts in
sepsis patients who did not survive for 28 days exhibited a progressive
downward trend during the first week after admission.

Beyond their essential function in hemostasis, PLT also significantly
contributes to inflammatory diseases (10). Research indicates that PLT
acts as an immunogenic cell. Much like traditional innate immune cells,
they are promptly recruited to sites of injury and inflammation, where
they release immune mediators, express and shed immunologically
active membrane receptors, interact with various immune cells, and
recognize as well as eliminate pathogens (13). In the context of sepsis, the
dysregulation of the complement, coagulation, and inflammatory
systems, combined with PLT dysfunction, exacerbates tissue injury. The
interplay between systemic inflammatory response syndrome and the
compensatory anti-inflammatory response syndrome determines the
clinical outcomes of sepsis (14). Additionally, thrombocytopenia is
identified as an independent risk factor for increased mortality among
patients with sepsis. Generally, 20-58% of sepsis patients experience
thrombocytopenia, with severe thrombocytopenia occurring in 10% of
cases (36). An analysis based on the publicly available database Medical
Information Mart for Intensive Care IV (MIMIC-IV), involving 16,401
sepsis patients, found that PLT count categories within 24 h of admission
(<50 x 10°/L, 50-100 x 10°/L, 100-150 x 10°/L, >150 x 10°/L) were
associated with 28-day mortality. After multivariable adjustment, the HR
(95% CI) for 28-day mortality were 2.31 (1.99-2.68), 1.34 (1.18-1.51),
1.00 (reference), and 1.17 (1.06-1.29), respectively (37). Another analysis
based on public data from Netherlands showed that, after adjusting for
potential confounding factors, each 10 x 10°/L increase in PLT count at
admission was associated with a 1% reduction in the 30-day mortality
risk for sepsis patients (odds ratio OR =0.99, 95% CI: 0.98-0.99).
Compared to participants with a normal PLT count range
(150-400 x 10°/L), sepsis patients with thrombocytopenia (<150 x 10°/L)
had a 20% higher 30-day mortality risk (OR = 1.20, 95% CI: 1.02-1.40)
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(38). A study conducted in the United States arrived at comparable
findings, indicating that the mortality risk for sepsis patients with
thrombocytopenia was 1.4 times greater than that of those with normal
PLT counts, and their six-month survival probability was also diminished
(39). Our study established a negative association between PLT count at
admission and 28-day mortality in sepsis patients. Furthermore, it was
observed that patients with a PLT count exceeding 200 x 10°/L
experienced significantly lower mortality, aligning with previous studies.

However, it is worth noting that longitudinal data may provide more
information about disease progression compared to absolute PLT counts
at specific time points. Trajectory analysis can reveal hidden values in
repeated measurements (40, 41). Additionally, studies have shown that
PLT counts fluctuate over time, typically reaching their lowest point
between the third and fifth days of hospitalization in sepsis patients. This
suggests that in addition to baseline PLT counts, the trajectory of
dynamic PLT changes over time may play a crucial role in determining
patient prognosis. Therefore, we hypothesize that the early dynamic
change in PLT counts has a certain prognostic value in sepsis.
Unfortunately, there are currently few studies on the relationship
between early PLT dynamics and sepsis prognosis, with only two studies
based on public data available. This study included patients with sepsis
from the MIMIC-IV and the eICU Collaborative Research Database
(eICU-CRD) (22). Using the K-means clustering method, the change in
PLT counts during the first 4 days after ICU admission was categorized
into three types: (i) increasing type, where PLT counts increased after
ICU admission; (ii) stable type, where PLT counts remained persistently
low; and (iii) decreasing type, where PLT counts rapidly decreased after
ICU admission. Multivariable logistic regression analysis showed that the
28-day mortality risk was significantly higher in patients with stable and
decreasing PLT trajectories during the first 4 days after admission. In the
MIMIC-IV cohort, the adjusted OR for stable and decreasing types
compared to the increasing type were 1.451 (95% CI 1.201-1.753) and
2424 (95% CI 1.962-2.995), respectively. In the eICU-CRD cohort, the
adjusted OR for stable and decreasing types compared to the increasing
type were 1.326 (95% CI 1.080-1.627) and 2.519 (95% CI 1.950-3.255),
respectively (22). Another study using MIMIC-IV data involved 15,250
sepsis patients and identified four distinct trajectories of PLT count
changes over 14 days: normal levels (phenotype 1), persistently low levels
(phenotype 2), gradually increasing levels above the normal range
(phenotype 3), and persistently high levels (phenotype 4). Multivariable
regression analysis revealed that the 28-day mortality rate in phenotype
2 was significantly higher than in phenotype 1 (OR = 1.69, 95% CI:
1.47-1.94). Compared to phenotype 1, no significant differences in
in-hospital mortality were observed for phenotypes 3 and 4. Although
phenotype 4 showed an increased 28-day mortality rate (p < 0.05), the
inverse probability weighting results adjusted by regression analysis
found no statistically significant difference in 28-day mortality between
phenotype 4 and phenotype 1 (§ =—0.006, 95% CI: —0.04-0.002,
p=0723) (23).

This study systematically analyses the early PLT count change
trajectories in septic patients for the first time using DLCM and reveals
a close association between these dynamic changes and the 28-day
mortality of patients. The study found that patients with persistently high
PLT levels (Class 1) had the lowest mortality within 28 days, while
patients with initially high but gradually decreasing PLT levels (Class 3)
had higher mortality rates. Patients with persistently low PLT levels
(Class 4) had the highest 28-day mortality. Additionally, the study found
that compared to Class 1 patients, sepsis patients with low baseline PLT
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levels that gradually increased (Class 2) had an HR of 1.687 (0.380,
7.494). The confidence interval shows no statistically significant
difference between them, but there is an upward effect trend. The large
confidence interval indicates considerable uncertainty in the true effect
size, mainly due to the small sample size and limited events, resulting in
insufficient statistical power and imprecise effect estimation. Future
prospective studies with larger sample sizes should be conducted to
validate these preliminary observations. This result differs from previous
studies for several reasons: First, regarding research methodology, prior
studies primarily employed K-means clustering analysis to classify the
PLT changes of septic patients during the first 4 days of hospitalization.
This static data-based clustering method requires high data integrity; if
data for any given time point is missing, it cannot effectively capture the
dynamic characteristics of PLT changes, potentially leading to the
exclusion of some patients with missing repeated measurements, which
may introduce bias. In contrast, this study utilized DLCM to classify the
PLT change trajectories over a duration of 7 days, allowing for the
capture of dynamic changes in PLT over time and latent class
characteristics, as well as the ability to handle irregular time point data,
thus providing more comprehensive clinical information. Second,
regarding data sources, previous studies were mainly based on MIMIC
and eICU-CRD databases, with data primarily from ICU in Western
countries, while this study is based on the Chinese population, having
regional and population specificity. Cultural and regional differences
include different treatment philosophies (such as conservative fluid
management), differences in family involvement in decision-making
processes, different resource allocation patterns, baseline PLT levels, and
drug response variations. These factors may influence PLT dynamic
change patterns by affecting treatment intensity, drug selection, and
intervention timing, and future studies are needed in different cultural
backgrounds and regions. Third, this study exhibits differences in
baseline characteristics, such as sex ratio and racial distribution, as well
as in adjusted variables compared to previous studies. Additionally, this
study conducted sensitivity analyses that particularly focused on
participants without CKD and CHD, further confirming the stability of
the relationship between PLT change trajectories and 28-day mortality.
Considering that the small sample size of Class 2 might affect statistical
power, we further combined Classes 1 and 2 as the reference group (class
1 + 2). The analysis found that compared to the class 1 + 2 participants,
sepsis patients with PLT levels gradually declining from a higher baseline
(Class 3) or persistently low during the first week (Class 4) had a higher
mortality, validating the relative reliability of the results. Subgroup
analyses indicated that factors such as sex, age, BMI, or alcohol
consumption do not modify the relationship between early PLT change
patterns in septic patients and 28-day mortality. Furthermore, this study
applied the GAMM to compare the trajectories of PLT counts over time
between the 28-day survivor and non-survivor groups. The results
showed that the survivor group had a relatively high baseline PLT count,
which exhibited an overall upward trend, while the non-survivor group
had a relatively low baseline PLT count that gradually declined over the
week following admission. This further demonstrates that septic patients
with persistently low PLT levels and a significant downward trend in PLT
counts over time face an extremely high risk of mortality. Therefore, this
study not only enhances our understanding of dynamic PLT changes in
septic patients but also provides new perspectives and tools for clinical
practice, which may have significant potential importance for improving
the diagnosis and treatment of septic patients. Our findings suggest that
dynamic PLT change trajectories may be associated with patient risk

Frontiers in Medicine

10.3389/fmed.2025.1596134

stratification, potentially assisting clinicians in identifying patients at
higher risk and informing personalized treatment strategies. However,
further prospective studies are needed to validate these associations and
determine their clinical utility.

In the four PLT trajectory patterns, declining or persistently low PLT
counts were associated with increased 28-day mortality risk, while sepsis
patients with increasing or persistently high PLT counts typically had
better prognosis. Each specific PLT change pattern may reflect different
pathophysiological processes. Class 1 (persistently high PLT levels) may
reflect the integrity of host defense mechanisms, typically demonstrating
lower inflammatory marker levels and better organ function, indicating
low mortality risk (42). Class 2 (rising from low baseline levels) may
be associated with infection control and bone marrow function recovery
(43). The gradually declining PLT trajectory from high baseline (Class 3)
may reflect PLT activation and subsequent consumption, related to
increased tissue factor release and dysregulated inflammatory response,
which is significantly associated with organ dysfunction and higher
mortality (36, 44). Persistently low PLT counts (Class 4) reflect sustained
PLT consumption and bone marrow suppression, which may be related
to infection deterioration and the development of severe thrombotic
complications (such as disseminated intravascular coagulation),
indicating high mortality potential (45-47). Future studies need to
simultaneously monitor PLT dynamic changes and key biomarkers, such
as P-selectin and neutrophil extracellular traps (NETs), and D-dimer, to
validate the associations between PLT change trajectories and
corresponding pathophysiological mechanisms (48, 49).

The advantages of this study are as follows: First, there is a scarcity of
research investigating the relationship between PLT longitudinal
variation patterns and short-term mortality in sepsis patients. This is the
first study to use a DLCM to classify early PLT dynamic changes in
Chinese sepsis patients and explore their impact on short-term mortality.
Second, we employed a GAMM to further explore the early PLT
trajectory patterns of sepsis patients with different prognoses. Third,
we utilized multiple imputation techniques to address the issue of
missing data. This strategy is widely recognized for its ability to enhance
statistical power and minimize bias caused by missing covariate data.
Fourth, the study is based on a cohort of Chinese patients, providing an
in-depth analysis of the association between PLT count trajectories and
28-day mortality risk. It offers clinicians a new perspective for
personalized prognostic assessment and treatment, with significant
clinical practice implications. Moreover, to ensure the robustness of our
findings, we conducted comprehensive subgroup analyses and a series of
sensitivity analyses. These included re-evaluating the association between
PLT variation patterns and short-term mortality after excluding patients
with CKD or CHD.

However, it is necessary to highlight several limitations of this study.
First, this study is a single-center cohort study from China, with all
participants being Chinese, which greatly limits the generalizability of
our study results to other ethnic populations or regions. In the future,
we plan to collaborate with researchers outside China to conduct multi-
center, multi-ethnic prospective cohort studies to validate early PLT
dynamic patterns in sepsis patients and their relationship with prognosis
among populations with different genetic backgrounds. Secondly,
although this study conducted repeated measurements, the sample size
is still relatively limited, particularly with only 33 cases in Class 2 of PLT
changes, which may affect statistical power and lead to inaccurate effect
estimation. For this reason, we conducted sensitivity analysis to enhance
the reliability of the results. As an exploratory study, this research has a
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certain reference value, and in the future, we plan to collaborate with
other researchers to conduct prospective cohort studies to further
validate these findings. Third, consistent with all observational studies,
although we adjusted for known and available confounding factors, the
possibility of unmeasured or unconsidered confounding variables
remains. Nevertheless, we computed E-values to evaluate the potential
influence of unmeasured confounders, which suggested that unmeasured
confounding factors are unlikely to account for the observed results.
Fourth, cultural and regional biases may alter PLT dynamic patterns by
influencing treatment intensity, medication selection, and intervention
timing, thereby limiting the generalizability of our findings to other
healthcare systems and populations. Future validation studies are needed
in different cultural backgrounds and healthcare systems to ensure the
universality and clinical applicability of platelet trajectory classification
and its relationship with sepsis patient outcomes. Fifth, despite the
application of multiple imputation to address missing values in this
study, high missing rates for certain variables, especially critical ones,
could still lead to bias. Nevertheless, sensitivity analyses performed on
the pre-imputation original data showed good concordance with post-
imputation results, supporting the robustness of our findings. Future
prospective studies are planned to collect more complete and
comprehensive data. Finally, this observational study cannot establish a
causal relationship between early dynamic changes in PLT and short-
term mortality risk in sepsis patients; it can only confirm the association
between the two.

Conclusion

This study identified four distinct dynamic patterns of PLT count
changes within the first week of admission among Chinese sepsis
patients. Independent associations were found between PLT dynamic
changes and 28-day mortality, with higher 28-day mortality observed
in patients whose PLT counts were gradually declining from high
baseline levels or were persistently low. Additionally, it was discovered
that sepsis patients who died within 28 days had overall low PLT counts
characterized by a downward trend during the initial 7 days. Dynamic
monitoring of early changes in PLT, especially paying attention to
patterns of decline from high to low or persistently low levels, can help
clinicians more effectively identify high-risk patients and develop
personalized treatment strategies, such as optimizing fluid
management, adjusting antibiotic regimens, or considering other
supportive therapies, thereby improving the prognosis of sepsis patients.
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Glossary
COPD - chronic obstructive pulmonary disease
PLT - platelet

APACHE II - Acute Physiology and Chronic Health Evaluation
II score

CRP - C-reactive protein

DLCM - dynamic latent class model

MAP - mean arterial pressure

CKD - chronic kidney disease

NEU - neutrophil count

BNP - brain natriuretic peptide

eICU-CRD - eICU Collaborative Research Database
FIB - fibrinogen

CRRT - Continuous Renal Replacement Therapy
BE - base excess

CHE - congestive heart failure

CO,CP - carbon dioxide combining power

¢Tnl - cardiac troponin I

TBIL - total bilirubin

NETs - neutrophil extracellular traps

LYM - lymphocyte count

VAD - vasoactive drugs

DD - D-dimer

MIMIC-IV - Medical Information Mart for Intensive Care IV

RDW - red blood cell distribution width
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AST - aspartate aminotransferase

DM - diabetes mellitus

FIO2 - fraction of inspired oxygen
MAR - missing at random

ICU - intensive care unit

24h_out - 24-h output

HGB - hemoglobin

CHD - coronary heart disease

GAMM - Generalized Additive Mixed Model
BUN - blood urea nitrogen

WBC - white blood cell count

MYV - mechanical ventilation

CI - confidence interval

ALT - alanine aminotransferase

SOFA - Sequential Organ Failure Assessment score
Lac - lactate

PCT - procalcitonin

ABX < 1h - use of antibiotics within 1 h
ALB - albumin

Scr - serum creatinine

HR - hazard ratio

24h_in - 24-h intake

Ref - reference

CI - confidence interval

HR - hazard ratio
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