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Abstract

Introduction

Sepsis associated thrombocytopenia (SAT) is a common complication of sepsis. We
designed this study to investigate factors influencing SAT.

Methods

Patients with sepsis (2984 in Peking union medical college hospital [PUMCH] database,
13165 in elCU Collaborative Research [elCU] database, 11101 in Medical Information Mart
for Intensive Care IV [MIMIC-IV] database) were enrolled. Variables included basic informa-
tion, comorbidities, and organ functions. Multi-variable logistic regression models and artifi-
cial neural network model were applied to determine the factors related to SAT.

Main results

Age and body mass index (BMI) were inversely correlated with the incidence of SAT (p-
value 0.175 and 0.049 [PUMCH], p-value 0.000 and 0.000 [elCU], p-value 0.000 and 0.000
[MIMIC-IV]). Hematologic malignancies and other malignancies were positively correlated
with the incidence of SAT (p-value 0.000 and 0.000 [PUMCH], p-value 0.000 and 0.000
[elCU], p-value 0.000 and 0.020 [MIMIC-1V]) except other malignancies was inversely corre-
lated with the incidence of SAT in PUMCH database. Norepinephrine (NE) equivalents, total
bilirubin (TBIL) and creatinine were positively correlated with the incidence of SAT (p-value
0.000, 0.000 and 0.011 [PUMCH], p-value 0.028, 0.000 and 0.013 [elCU], p-value 0.028,
0.000 and 0.027 [MIMIC-IV]). PaO2 / FiO2 was inversely correlated with the incidence of
SAT in PUMCH database (p-value 0.021 [PUMCH]), while it was positively correlated with
the incidence of SAT (p-value 0.000 [MIMIC-1V]). PaO2 / FiO2 and SAT was not related (p-
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value 0.111 [elCU]). TBIL, hematologic malignancies, PaO2 / FiO2 and NE equivalents
ranked in the top five significant variables in all three datasets.

Conclusions

Hematologic malignancies and other malignancies were positively correlated with the inci-

dence of SAT. NE equivalents, TBIL and creatinine were positively correlated with the inci-
dence of SAT. TBIL, hematologic malignancies, PaO2 / FiO2 and NE equivalents ranked in
the top significant variables in factors influencing SAT.

Introduction

Sepsis is a significant cause of illness and death worldwide [1]. Sepsis associated thrombocyto-
penia (SAT) is a common complication in the intensive care unit (ICU) [2] and is a widely
accepted predictor of poor prognosis during sepsis [3]. The excessive inflammatory response
in sepsis leads to platelet depletion, accompanied by varying degrees of impaired platelet pro-
duction and increased destruction, resulting in varying degrees of thrombocytopenia, and the
degree of thrombocytopenia is closely related to the mortality of patients [4, 5]. SAT is defined
as platelet count <100 x 10°/L or a relative reduction of >30% from baseline platelet count.
Baseline platelet count is defined as the highest value in the past 7 days prior to ICU admission
[6]. There is currently a lack of research on the risk factors that contribute to SAT, so we
designed this study to investigate factors influencing SAT. Medical Information Mart for
Intensive Care (MIMIC) is the largest open source and free clinical database in the critical care
and emergency department, based on intensive care inpatient system of Beth Israel Deaconess
Medical Center. The eICU Collaborative Research (eICU) database was originally drawn from
the eICU telehealth system. This system complemented on-site ICU teams with remote sup-
port. Peking union medical college hospital (PUMCH) database is our internal database. For
these reasons, we conducted our study of SAT using above three databases that are quantita-
tively and qualitatively representative of people with sepsis.

Methods
Study design

Based on the third international consensus definitions for sepsis and septic shock, sepsis is life-
threatening organ dysfunction caused by a dysregulated host response to infection. In this sur-
vey, patients with sepsis admitted to PUMCH, in eICU database, in MIMIC-IV database were
enrolled. Exclusion criteria included as follows: patients without platelet count data, patients
age less than 18, patients not first admission, and patients with missing > 5% individual data.
The data in PUMCH database were collected from June 8, 2013 to October 12, 2022. MIMI-
C-1V (version 1.0) is the latest version, which contains patient demographics, clinical measure-
ments, laboratory tests, treatments, pharmacotherapy, medical data, survival data, and
diagnoses of patients admitted to the Beth Israel Deaconess Medical Center from 2008 to 2019.
As a multi-center resource containing deidentified health data, the eICU database comprises
over 200,000 admissions to 335 ICUs from 208 hospitals across the USA in 2014 and 2015. We
completed the courses required to use the database and obtained the corresponding certificate.
The requirement for individual patient consent was waived because the project did not impact
clinical care and all protected health information was anonymized. Eventually, patients with
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sepsis (2984 in PUMCH database, 13165 in eICU database, 11101 in MIMIC-IV database)
were enrolled.

The authors are accountable for all aspects of the work in ensuring that questions related to
the accuracy or integrity of any part of the work are appropriately investigated and resolved.
The datasets supporting the conclusions of this article are included within the article.

Variables and measurements

Firstly, we studied factors influencing SAT from a point of basic information and comorbidi-
ties. Sequential organ failure assessment (SOFA) is the cornerstone of the diagnosis of sepsis
and is the most commonly used method to assess the severity of sepsis [7, 8]. Secondly, refer-
ring to the SOFA score, we studied the effects of organ functions on SAT from the cardiovas-
cular system, respiratory system, central nervous system, hepatic system, and renal system.
Cardiovascular function is represented by NE equivalents. Respiratory function is represented
by PO2 / FiO2. Central nervous function is represented by Glasgow Coma Scale score. Hepatic
function is represented by plasma levels of total bilirubin. Renal function is represented by
plasma levels of creatinine. Finally, we investigated the effects of SAT on prognosis in septic
shock. Prognosis included ICU stays and ICU mortality.

Ethical considerations

The current study was reported in accordance with the Strengthening the Reporting of Obser-
vational Studies in Epidemiology Guidelines. This study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). The trial protocol was approved by the Central
Institutional Review Board at Peking Union Medical College Hospital (NO. I-24PJ1400), and
individual consent for this analysis was waived. There was no identifying or protected health
information included in the analyzed dataset.

Data analysis

Continuous variables are expressed as mean + standard deviation (SD). To determine the factors
related to SAT, multi-variable logistic regression models and artificial neural network model
were applied. Specifically, the artificial neural network model chosen for this study is the multi-
layer perceptron, which is a feed-forward artificial neural network model that maps multiple
datasets of inputs to a single dataset of outputs. The risk factors were screened according to liter-
ature search, expert consensus and expert experience. Factors focused including the patients’
baseline characteristics, factors associated with diagnosis and SOFA. The results were expressed
as the odds ratio (OR) with 95% confidence interval. In this study, software IBM Modeler (ver-
sion 18.0) was used to conduct multi-variable logistic regression models and artificial neural net-
work model. All P values presented were two-sided, with P < 0.05 being considered statistically
significant. R software (Version 4.1.0) was used in this study for research charting.

Results
Patient characteristics

The basic information, comorbidities, and organ functions are shown in Table 1. Basic infor-
mation included gender, age, and body mass index (BMI). BMI >30kg/mA2 was defined as
obesity. Comorbidities included diabetes, chronic obstructive pulmonary disease (COPD),
hematologic malignancies, and other malignancies. Organ functions included norepinephrine
(NE) equivalents, PaO2 / FiO2, total bilirubin (TBIL), Glasgow Coma Scale (GCS) scores, and
creatinine. NE equivalents = NE + epinephrine + phenylephrine/10 + dopamine/100
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Table 1. Patient characteristics.

Basic information

Age (years)

Male (%)

BMI (kg/m?)
Comorbidities (%)
COPD (%)

Diabetes (%)
Hematologic malignancies (%)
Other malignancies (%)
Organ function

NE equivalents

TBIL (umol/L)

GCS Scores

Creatinine (umol/L)
PaO2/FiO2 (mmHg)

PUMCH MIMIC eICU
(n=2,984) (n=11,101) (n=13,165)
58.41+16.24 66.64+15.93 66.45+16.00
1811 (60.70) 6431 (57.90) 6763 (51.40)
24.03+12.52 28.92+7.75 28.82+8.91
1374 (46.00) 7426 (66.90) 1029 (7.80)
1321 (44.30) 7236 (65.20) 1811 (13.80)

161 (5.40) 493 (4.40) 281 (2.10)
763 (25.60) 1867 (16.80) 553 (4.20)
0.216+0.538 0.047+0.124 0.039+0.176
36.08+58.35 24.62+67.30 15.59+40.90

5.47+2.94 12.69+3.60 11.77+4.16

116.96+145.14 145.95+145.51 162.74+158.32
281.20+313.03 338.04+118.94 250.54+139.05

eICU = eICU database, MIMIC = MIMIC-IV database, PUMCH = Peking Union Medical College Hospital, BMI = body mass index, COPD = chronic obstructive
pulmonary disease, NE = norepinephrine, TBIL = Total bilirubin, GCS = Glasgow Coma Scale. NE equivalents = NE + epinephrine + phenylephrine/10 + dopamine/

100 + metaraminol/8 + vasopressin*2.5 + angiotensin I1*10 (all in mcg/kg/min, except vasopressin in units/min).

https://doi.org/10.1371/journal.pone.0318887.t001

+ metaraminol/8 + vasopressin*2.5 + angiotensin I1*10 (all in mcg/kg/min, except vasopressin
in units/min) [9]. In this study, 66.90% of SAT patients had COPD in MIMIC database, com-
pared with 46.00% in PUMCH database and 7.80% in eICU database. 65.20% of SAT patients
had diabetes in MIMIC database, compared with 44.30% in PUMCH database and 13.80% in
eICU database. 4.40% of SAT patients had hematologic malignancies in MIMIC database,
compared with 5.40% in PUMCH database and 2.10% in eICU database. NE equivalents were
0.216 + 0.538 in PUMCH database, 0.047 + 0.124 in MIMIC database and 0.039 + 0.176 in
eICU database. GCS scores were 5.47 + 2.94 in PUMCH database, 12.69 * 3.60 in MIMIC
database and 11.77 + 4.16 in eICU database.

Factors influencing SAT and normalized importance in PUMCH database

In terms of basic information, gender and BMI were inversely correlated with the incidence of
SAT (p-value 0.000, 0.049). In terms of comorbidities, COPD and hematologic malignancies
were positively correlated with the incidence of SAT (p-value 0.037, 0.000) while other malig-
nancies were inversely correlated with the incidence of SAT (p-value 0.000). In terms of organ
functions, NE equivalents, and TBIL were positively correlated with the incidence of SAT (p-
value 0.000, 0.000, 0.011) while GCS scores was inversely correlated with the incidence of SAT
(p-value 0.029, 0.021) (Fig 1A).

In Fig 1B, normalized importance of all 12 variables were demonstrated. The artificial neu-
ral network model stated the top five significant variables were NE equivalents, TBIL, hemato-
logic malignancies, PaO2 / FiO2, and creatinine in PUMCH database.

Factors influencing SAT and normalized importance in eICU database

In terms of basic information, age and BMI were inversely correlated with the incidence of
SAT (p-value 0.000, 0.000) while gender was positively correlated with the incidence of SAT
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A Estimate 95% LCI 95% Ucl P value
Age(y) 0.9970 0.9920 10010 0.1750 +
Gender 0.7310 0.6240 08550  0.0000 |-m-| ,
BMIKgim2) 0.7250 05260 09990 00490 |-
Hematologic Malignancies 3.8430 2.5960 5.6900 0.0000 i
Other Malignancies 06490 05390 07810 00000 -]
COPD 1.1840 10110 13860 00370 ]l ------ |
Diabetes 1.0400 0.8870 12180 06310 }h ----- |
NE equivalents 27530 20370 37190 0.0000 : { o {
TBIL(umollL) 1.0060 1.0040 10080 0.0000 *
GCS Scores 0.9750 0.9530 09970 00290 ﬁ
Creatinine(umollL) 1.0010 1.0000 10020 00110 *
Pa02/FiO2(mmHg) 1.0000 0.9990 10000 00210 *

NE equivalents : |

TBIL : |

Hematologic Maliganancies

PaO2/FiO2
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Age

BMI

Other Malignancies

Gender

GCS Scores

COPD
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00 02 04

Fig 1. Factors influencing SAT and normalized importance in PUMCH database. SAT = sepsis associated thrombocytopenia, PUMCH = Peking Union
Medical College Hospital, BMI = body mass index, COPD = chronic obstructive pulmonary disease, NE = norepinephrine, TBIL = Total bilirubin,

GCS = Glasgow Coma Scale. NE equivalents = NE + epinephrine + phenylephrine/10 + dopamine/100 + metaraminol/8 + vasopressin*2.5 + angiotensin I1*10
(all in mcg/kg/min, except vasopressin in units/min).

https://doi.org/10.1371/journal.pone.0318887.9001

(p-value 0.004). In terms of comorbidities, hematologic malignancies and other malignancies
were positively correlated with the incidence of SAT (p-value 0.000, 0.000) while COPD was
inversely correlated with the incidence of SAT (p-value 0.000). In terms of organ functions,
NE equivalents, TBIL and creatinine were positively correlated with the incidence of SAT (p-
value 0.028, 0.000, 0.013) while GCS scores was inversely correlated with the incidence of SAT
(p-value 0.005) (Fig 2A).
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A Estimate 95% LCI 95% UCI P value
Age(y) 0.9940 0.9910 0.9960 0.0000
Gender 1.1340 1.0410 1.2350 0.0040
BMI(Kg/m2) 0.8320 0.7590 09130 0.0000
Hematologic Malignancies 9.6560 7.3460 12.6920 0.0000
Other Malignancies 1.8270 15110 2.2080 0.0000
COPD 0.6610 0.5510 0.7920 0.0000
Diabetes 0.9190 0.8090 1.0450 0.1980
NE equivalents 1.2760 1.0260 1.5870 0.0280
TBIL(umolL) 1.2410 1.2090 1.2730 0.0000
GCS Scores 0.9860 0.9760 0.9960 0.0050
Creatinine(umol/L) 1.0290 1.0060 1.0530 0.0130 :
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Fig 2. Factors influencing SAT and normalized importance in eICU database. SAT = sepsis associated thrombocytopenia, BMI = body mass index,
COPD = chronic obstructive pulmonary disease, NE = norepinephrine, TBIL = Total bilirubin, GCS = Glasgow Coma Scale. NE equivalents = NE

+ epinephrine + phenylephrine/10 + dopamine/100 + metaraminol/8 + vasopressin*2.5 + angiotensin I1*10 (all in mcg/kg/min, except vasopressin in units/
min).

https://doi.org/10.1371/journal.pone.0318887.9g002

In Fig 2B, normalized importance of all 12 variables were demonstrated. The artificial neu-
ral network model stated the top five significant variables were TBIL, hematologic malignan-
cies, PaO2 / FiO2, NE equivalents, and other malignancies in eICU database.

Factors influencing SAT and normalized importance in MIMIC database

In terms of basic information, age and BMI were inversely correlated with the incidence of
SAT (p-value 0.000, 0.000). In terms of comorbidities, hematologic malignancies, other

PLOS ONE | https://doi.org/10.1371/journal.pone.0318887  February 10, 2025 6/12


https://doi.org/10.1371/journal.pone.0318887.g002
https://doi.org/10.1371/journal.pone.0318887

PLOS ONE Factors influencing SAT

A Estimate  95%LCl  95%UCI P value
Age(y) 0.9930 0.9900 09960  0.0000 *
Gender 10610 0.9620 11690 02350 |l|
BMI(Kgim2) 07520 06680 08480 00000 |
Hematologic Malignancies 3.1500 2.6020 3.8120 0.0000 l ------------------- ey
Other Malignancies 11610 10240 13160 00200 |l|
COPD 0.9910 0.8930 11000 08680 |ﬁ|
Diabetes 1.1870 1.0710 1.3160 0.0010 |-
NE equivalents 21300 1.4850 3.0560 0.0000 I u |
TBIL (umollL) 11910 11700 12120 00000 i
GCS Scores 1.0280 1.0140 10420 00000 #
Creatinine(umol/L) 1.0320 1.0040 1.0620 0.0270 :H
Pa02/FiO2(mmHg) 1.0010 1.0010 10010 0.0000 i
: : M : :
B TBIL :

Hematologic Maliganancies

PaO2/FiO2
Creatinine

NE equivalents
BMI

Other Malignancies
GCS Scores

COPD

Age

Diabetes

Gender

kg

I I
02 04

o

Fig 3. Factors influencing SAT and normalized importance in MIMIC database. SAT = sepsis associated thrombocytopenia, BMI = body mass index,
COPD = chronic obstructive pulmonary disease, NE = norepinephrine, TBIL = Total bilirubin, GCS = Glasgow Coma Scale. NE equivalents = NE

+ epinephrine + phenylephrine/10 + dopamine/100 + metaraminol/8 + vasopressin*2.5 + angiotensin I1*10 (all in mcg/kg/min, except vasopressin in units/
min).

https://doi.org/10.1371/journal.pone.0318887.9003

malignancies and diabetes were positively correlated with the incidence of SAT (p-value 0.000,
0.020, 0.001). In terms of organ functions, NE equivalents, TBIL, GCS scores, creatinine and
Pa0O2 / FiO2 were positively correlated with the incidence of SAT (p-value 0.028, 0.000, 0.000,
0.027, 0.000) (Fig 3A).

In Fig 3B, normalized importance of all 12 variables were demonstrated. The artificial neu-
ral network model stated the top five significant variables were TBIL, hematologic malignan-
cies, PaO2 / FiO2, creatinine and NE equivalents in MIMIC database.
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Discussion

In order to improve the generalizability of the results, we selected the most commonly used
MIMIC [10, 11] and eICU [12] databases in sepsis research and analysed them together with
our own data. Our investigation found that in terms of basic information, age and BMI were
inversely correlated with the incidence of SAT. In terms of comorbidities, hematologic malig-
nancies and other malignancies were positively correlated with the incidence of SAT. In terms
of organ functions, NE equivalents, TBIL, and creatinine were positively correlated with the
incidence of SAT while GCS scores was inversely correlated with the incidence of SAT. TBIL,
hematologic malignancies, PaO2 / FiO2 and NE equivalents ranked in the top five significant
variables in all three datasets.

Older patients are one of the fastest-growing subgroups of critically ill patients [13]. In
Europe, the number of elderly people aged > 80 is increasing rapidly, and the ICU admission
rate of patients in this group is also increasing. These populations currently account for about
10% of all ICU admissions in Europe [14]. Immunodeficiency in older patients often results in
a deficit in the adaptive immune response, which may lead to decreased consumption of plate-
let activation in older patients with sepsis, resulting in decreased SAT [15]. Our investigation
found age was inversely correlated with the incidence of SAT, similar to above reported
results.

Obesity as a protective factor in patients with sepsis has been supported by a growing body
of literature [16-18]. Obesity reduces inflammation, protein catabolism, dyslipidemia, and
muscle weakness during sepsis [19]. Obesity prevents sepsis-induced browning of white adi-
pose tissue [20]. Obesity improves cellular immune responses, decreases pro-inflammatory
cytokine responses, and improves survival by inducing hyperleptinemia in mouse models of
sepsis [21]. Our study showed that obesity reduced the incidence of SAT, which may be a path-
way for obesity to be a protective factor in patients with sepsis. Further investigation is needed
to determine whether this pathway is related to the pathophysiological processes reported in
the above literatures.

With the advancement of follow-up diagnosis and treatment technology, the survival rate
of patients with malignancy has been significantly improved [22]. The risk of sepsis is signifi-
cantly higher in the cancer patient population, particularly in patients with hematologic malig-
nancies, compared with the non-cancer population [23, 24]. Immune dysfunction or
neutropenia caused by chemotherapy drugs play an important role [25, 26]. Patients with sep-
tic shock with hematologic malignancies have a higher mortality rate [23]. Patients with sepsis
who have neutropenia have a mortality above 30% [25]. Our study showed that patients with
sepsis with malignancy were more likely to develop SAT, which may provide a possible direc-
tion for the treatment of patients with such sepsis.

As the most widely used vasoactive drug in the treatment of sepsis [27, 28], norepinephrine
has been shown to regulate immunooxidative metabolism and cellular responses, increase
anti-inflammatory effects and attenuate pro-inflammatory effects, in addition to vasopressors
[29, 30]. Our study showed that patients with larger NE equivalents were more likely to
develop SAT. On the one hand, a large amount of NE equivalents indicates that the patient is
more critically ill and has a higher incidence of SAT, and on the other hand, whether high-
dose vasoactive drugs themselves cause SAT is a question that needs to be answered by further
research.

In the SOFA score, the degree of elevated bilirubin represents the severity of hepatic insuffi-
ciency in patients with sepsis [31]. Surprisingly, there was a strong correlation between the ele-
vated TBIL and the incidence of SAT in our study, and whether it was related to TBIL itself or
overall liver function needs to be answered by further research in the future.
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In the SOFA score, the degree of PaO2 / FiO2 decline represents the severity of respiratory
insufficiency in patients with sepsis [31]. To our surprise, those with high PaO2 / FiO2 in the
MIMIC database were more likely to develop SAT in our study. This may involve mechanisms
of regulation of lung ventilation-perfusion ration. Unlike the systemic circulation, the pulmo-
nary circulation is much more sensitive to hypoxemia, especially intra-alveolar hypoxia than
intravascular hypoxia. In poorly ventilated intra-alveolar hypoxic sites, such as lung consolida-
tion, pulmonary vasoconstriction occurs spontaneously by hypoxic pulmonary vasoconstric-
tion and even leads to platelet depletion and thrombosis, thereby improving lung ventilation/
blood flow matching [32-34]. In this case, PaO2 / FiO2 improvement is accompanied by
thrombocytopenia.

There are several limitations to this study. First, due to indiscriminate attack of the systemic
inflammatory response syndrome, there may be simultaneous increase in damage rather than
cross-talk between various organ injuries, which may lead to biased results. However, in cur-
rent clinical practice, the injury to various organs associated with sepsis-related MODS is often
not synchronously aggravated [35], which is further confirmed in this study. The correlation
between organ function and SAT varied widely, with TBIL and NE equivalents showing a
much stronger correlation than other organs, and we even found that patients with higher
Pa02 / FiO2 may be more likely to develop SAT in the MIMIC databases. Second, this was a
retrospective cohort study and, therefore, prone to selection bias. Therefore, we choose three
independent databases to corroborate each other to reduce this bias. Third, this was an obser-
vational study and, therefore, the specific pathophysiology behind the observations needs to be
answered by further research.

Conclusion

Age and BMI were inversely correlated with the incidence of SAT. Hematologic malignancies
and other malignancies were positively correlated with the incidence of SAT. NE equivalents,
TBIL and creatinine were positively correlated with the incidence of SAT. TBIL, hematologic
malignancies, PaO2 / FiO2 and NE equivalents ranked in the top significant variables in fac-
tors influencing SAT. The specific pathophysiology behind above phenomena needs further
study.
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