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Abstract 

Background  Despite emerging evidence linking blood cell indices (BCIs) to sepsis mortality, the inconsistency 
of observational studies obscures the clarity of these associations. This study aims to clarify the causal influence 
of BCIs on 28-day mortality rates in sepsis patients.

Methods  Utilizing univariable and multivariable Mendelian randomization (MR) analyses, we examined the impact 
of BCIs on sepsis mortality by analyzing data from extensive genome-wide association studies. The inverse-variance 
weighted (IVW) method was our primary analytic tool, complemented by several robustness checks to mitigate 
pleiotropy, including weighted median, mode-based estimates, MR-Egger regression, and MR-PRESSO. Subsequently, 
we conducted a retrospective study to further explore the correlation between platelet indices and 28-day mortality 
of sepsis using real-world data.

Results  Our findings highlight a significant causal relationship between platelet distribution width (PDW) and 28-day 
mortality in sepsis, with the univariable Mendelian randomization approach yielding an odds ratio of 1.12 (95% CI, 
1.06–1.26; P < 0.05). Multivariable analysis further substantiated PDW’s robust association with mortality risk (OR 1.23; 
95% CI, 1.03–1.48; P < 0.05). Conversely, our analysis did not uncover significant correlations between the genetic 
predispositions to other BCIs—including red blood cell count, erythrocyte distribution width, platelet count, mean 
platelet volume, white blood cell count, neutrophil count, neutrophil percentage, lymphocyte count, and lymphocyte 
percentage—and 28-day mortality in sepsis. Additionally, an inverse MR analysis did not establish a causal impact 
of 28-day mortality in sepsis on PDW (OR 1.00; 95% CI, 1.00—1.07; P = 0.29). Moreover, a similar result was observed 
in the retrospective study.
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Conclusions  The study underscores the independent causal role of PDW in predicting 28-day mortality in sepsis, 
suggesting its potential utility in early patient assessment, risk stratification, and tailoring of therapeutic interventions.

Keywords  Blood cell indices, 28-day mortality in sepsis, Mendelian randomization analysis, Retrospective study, 
Platelet distribution width

Introduction
Sepsis is a complex and life-threatening infectious dis-
ease that results from a dysregulated host response to 
infection [1]. Annually, sepsis affects over 19 million 
people worldwide, resulting in over 6 million fatalities 
and a mortality rate exceeding one quarter [2, 3]. How-
ever, timely and effective treatment of sepsis is often 
hindered by the inability to quickly diagnose the condi-
tion. Studies have shown that a one-hour delay in effec-
tive antimicrobial and supportive therapy can result in 
a 5–10% increase in morbidity and mortality [4]. Bio-
markers with high sensitivity and specificity are urgently 
needed to identify sepsis early and improve patient out-
comes. Human blood cells (HBCs) are crucial in vari-
ous physiological processes, including oxygen transport, 
coagulation, osmolarity regulation, and toxin clearance 
[5, 6]. Additionally, HBCs are involved in both innate 
and acquired immune responses, as well as inflamma-
tory reactions within the body [7, 8]. Alterations in blood 
cell indices (BCIs) have been associated with various dis-
eases, including tumors, immunodeficiencies, autoim-
mune diseases, and infections [9, 10].

Recent observational cohort studies have identified 
several common BCIs such as erythrocyte distribution 
width (RDW), platelet count (PLC), mean platelet vol-
ume (MPV), platelet distribution width (PDW), and 
monocyte distribution width (MDW), as potentially 
valuable tools for early sepsis screening and prognos-
tic assessment [11–15]. However, the prognostic value 
of some BCIs in sepsis remains a subject of debate [16, 
17]. Additionally, sepsis itself can have a wide range of 
effects on HBCs [18–20]. Therefore, the causal relation-
ship between BCIs and sepsis risk remains unclear, limit-
ing their value for new therapy development and sepsis 
pathophysiology exploration.

Genome-wide association studies (GWASs) are invalu-
able for revealing the genetic contributions to human 
diseases and providing novel insights into the intricate 
mechanisms governing disease etiology [21]. Mendelian 
randomization (MR) instrumental variable (IV) designs, 
by utilizing allelic randomization during meiosis and 
subsequent irreversible exposure to genotypes at con-
ception, offer a diminished vulnerability to confound-
ing or reverse causality when compared to traditional 
methods of observational analysis [22]. Here, we use data 
from large GWASs of sepsis patients to conduct an MR 

investigation to comprehensively explore whether circu-
lating BCIs are likely to be causal pathways for the 28-day 
mortality of sepsis.

Materials and methods
Study design
Leveraging a two-sample MR framework, we first per-
formed a univariable MR (UVMR) to test the association 
between genetic IVs respectively, as a proxy for the expo-
sure, and the outcome. To ensure that the direct effect 
of each BCI (exposure) on mortality in sepsis (outcome) 
was not mediated by other factors, we further performed 
a multivariable MR (MVMR) analysis. Additionally, this 
MR design has to fulfill the following basic assumptions 
[23]: (i) IVs must be closely related to exposure; (ii) IVs 
are independent of potential confounding factors; (iii) 
The outcome is influenced by IVs only via the risk factors 
(Fig. 1). As the data employed in this study were publicly 
available, anonymized, and de-identified, it was exempt 
from ethical review authority approval. Figure 2 shows a 
flow diagram illustrating the study design and the steps of 
the MR analysis.

BCIs data availability
The genetic IVs for the exposures in this study were 
acquired from published GWASs using summary data, 
sourced from the IEU Open GWAS Project (https://​
gwas.​mrcieu.​ac.​uk/). We selected SNPs that demon-
strated a significant association with BCIs at the strin-
gent genome-wide significance threshold (P < 5 × 10–8) 
(Fig.  1). Specifically, for erythrocyte indices, two sets of 
instruments (SNPs for red blood cell (erythrocyte) count 
(RBC), and RDW) were employed for validation. For 
platelet indices, three sets of instruments (SNPs for PLC, 
PDW, and MPV) were employed for validation. For leu-
kocyte indices, five sets of instruments (SNPs for white 
blood cell (leukocyte) count (WBC), neutrophil count 
(NEUT), neutrophil percentage (NEUT%), lymphocyte 
count (LYM), and lymphocyte percentage (LYM%)) were 
employed for validation. Notably, all cases and controls 
in these studies were selected from individuals of Euro-
pean descent, to reduce ethnic genetic differences as well 
as to reduce the effect of confounding factors. The avail-
able GWAS summary-level data for each trait are listed 
in Table 1.

https://gwas.mrcieu.ac.uk/
https://gwas.mrcieu.ac.uk/
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Genetic instrument selection
All IVs were clumped within a window of 10 megabase 
pairs (Mb) using a strict linkage disequilibrium (LD) 
threshold of (R2 = 0.001) to determine that the SNPs were 
independent. MR-Steiger analysis was utilized to assess 
the direction of the potential causal association between 
the extracted SNPs related to the risk factors and 28-day 
mortality in sepsis [24]. Subsequently, we harmonized 
the SNPs in both the exposure and outcome datasets by 
aligning the coded and reference alleles and excluded 
any potential SNPs with incompatible alleles or palindro-
mic SNPs, which were defined as having an ambiguous 
minor allele frequency of < 0.01 [25]. Given that missing 

SNPs had a negligible effect on the results, we used only 
the available SNPs for all traits as IVs and did not replace 
any missing SNPs with proxies in the outcome data [26]. 
We estimated the proportion of phenotype variance 
explained by all SNPs and assessed their strength using 
the F-statistic (beta2/se2) and a threshold of F > 10 was 
considered sufficient, aligning with the first MR assump-
tion and avoiding bias towards weak IVs [27]. To meet 
the second and third criteria for MR, we used the Phe-
noScanner database (http://​www.​pheno​scann​er.​medsc​
hl.​cam.​ac.​uk/) to identify any previously reported asso-
ciations of potential confounders with the SNPs used as 
instruments.

Fig. 1  The overview design and assumptions of the MR design. IVW, inverse variance weighted; LD, linkage disequilibrium; LYM, lymphocyte cell 
count; LYM%, lymphocyte cell count percentage; MR, Mendelian randomization; MPV, Mean platelet (thrombocyte) volume; NEUT, Neutrophil; 
NEUT%, Neutrophil percentage; SNP, single nucleotide polymorphisms; PDW, Platelet distribution width; PLC, Platelet count; PRESSO, Pleiotropy 
Residual Sum and Outlier; RBC, Red blood cell (erythrocyte) count; RDW, Red blood cell (erythrocyte) distribution width; WBC, White blood cell 
(leukocyte) count

http://www.phenoscanner.medschl.cam.ac.uk/
http://www.phenoscanner.medschl.cam.ac.uk/
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Data sources for the outcome
We obtained summary-level genetic data for GWASs 
on 28-day mortality in sepsis from the IEU Open 
GWAS Project (ID: ieu-b-5086) (https://​gwas.​mrcieu.​
ac.​uk/​datas​ets/​ieu-b-​5086/), which were analyzed 

using Regenie v2.2.4, with adjustments made for 
age, sex, chip type, and the first 10 principal compo-
nents. In total, the study had 486,484 sample sizes 
from the European population, including 1,896 cases 
and 484,588 controls, for a total of 12,243,487 SNPs 
(Table 1).

Fig. 2  The flow chart illustrates the inclusion and exclusion of candidate SNPs for each exposure-outcome pair. GWAS, genome‑wide association 
studies; IVW, inverse variance weighted; LD, linkage disequilibrium; LYM, lymphocyte cell count; LYM%, lymphocyte cell count percentage; MAF, 
minor allele frequency; MR, Mendelian randomization; MPV, Mean platelet (thrombocyte) volume; NEUT, Neutrophil; NEUT%, Neutrophil percentage; 
SNP, single nucleotide polymorphisms; PDW, Platelet distribution width; PLC, Platelet count; PRESSO, Pleiotropy Residual Sum and Outlier; RBC, Red 
blood cell (erythrocyte) count; RDW, Red blood cell (erythrocyte) distribution width; WBC, White blood cell (leukocyte) count

https://gwas.mrcieu.ac.uk/datasets/ieu-b-5086/
https://gwas.mrcieu.ac.uk/datasets/ieu-b-5086/
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Retrospective study
This retrospective study utilized historical medical 
records from patients admitted to the Department of 
Infectious Diseases at the Third Affiliated Hospital of 
Sun Yat-Sen University in Guangzhou, China. The crite-
ria for sepsis diagnosis adhered to the Sepsis-3 definition, 
characterized by an acute increase in the total Sequential 
Organ Failure Assessment (SOFA) score ≥ 2 points con-
sequent to an infection. Data were collected from all sub-
jects with a confirmed diagnosis of sepsis from January 
2023 to May 2024. Data within 24  h of their admission 
were obtained from the hospital’s laboratory information 
system, including platelet indices such as PLC, PDW, and 
MPV, as well as patient age, sex, and diagnosis. Exclu-
sion criteria encompassed cases with incomplete data, 
as well as patients presenting with chronic inflammation, 
autoimmune conditions, or congenital anomalies—disor-
ders present at birth due to genetic factors or maternal 
exposure to teratogens, including congenital cardiovas-
cular malformations, inherited hematologic conditions 
such as thalassemia and hereditary spherocytosis, and 
metabolic disorders of genetic origin. These individu-
als were omitted to preclude potential biases associated 
with aberrant hematological profiles, hepatic function, 
and inflammatory markers. A total of 106 individuals 
were initially included. After applying the exclusion cri-
teria, 70 patients with sepsis were included in the study, 
of whom 48 survived and 22 died (Fig. 3). The use of ret-
rospective clinical data from patients has been approved 
by the Ethics Committee of the Third Affiliated Hospital 
of Sun Yat-sen University and the study was conducted in 
accordance with the principles outlined in the Declara-
tion of Helsinki.

Statistical analysis
Heterogeneity among the SNPs was assessed by calcu-
lating Cochrane’s Q statistic. When the P-value from 
Cochrane’s Q test was less than 0.05, indicating the pres-
ence of heterogeneity, a random-effect inverse-variance 
weighted (IVW) model was employed as the primary 
analysis method [28].However, to address the robust-
ness of our IVW estimate, we also performed a sen-
sitivity analysis using complementary methods based 
on MR-Egger and weighted median (WM) regression, 
which make different assumptions about the validity of 
the genetic variants as IVs [28–30]. More specifically, 
the WM method, which necessitates a minimum of 50% 
weight attributed to valid IVs, was additionally employed 
to estimate the causal effects [31]. We used the MR-Egger 
regression, which gives consistent estimates even when 
all genetic variants are invalid IVs, to evaluate possible 
directional pleiotropy [30]. In addition, we also applied 
the simple mode and the weighted mode methods to 
infer causal relationships. Furthermore, we used the MR-
PRESSO framework to identify and correct any horizon-
tal pleiotropic outliers that could bias the IVW estimate 
by using the outlier removal kit [32]. The distortion test 
shows a significant change in the estimate before and 
after the outlier correction if the P-value < 0.05. In addi-
tion, we performed the leave-one-out analysis to examine 
whether a single outlier variant influenced the effect esti-
mates and to identify any high influence points [33].

We used the SNPs in each of the GWASs that met our 
UVMR selection criteria to construct instruments. To 
correct for both measured and unmeasured pleiotropy, 
we used the MVMR extension of the IVW MR method 
[34, 35]. We extracted the effects and standard errors of 

Table 1  Summary of genome-wide association studies (GWAS) datasets in the study

Abbreviations: PDW Platelet distribution width, PLC Platelet count, MPV Mean platelet (thrombocyte) volume, RBC Red blood cell (erythrocyte) count, RDW Red blood 
cell (erythrocyte) distribution width, WBC White blood cell (leukocyte) count, NEUT% Neutrophil percentage, LYM Lymphocyte cell count, LYM% Lymphocyte cell count 
percentage

Sepsisa, 28-day death in sepsis

GWAS ID Trait Author(Year) Sample size Number of SNPs Population

ukb-d-30110_irnt PDW Neale lab(2018) 350,470 13,586,285 European

ebi-a-GCST004616 PDW Astle WJ(2016) 164,433 29,144,965 European

ukb-d-30080_irnt PLC Neale lab(2018) 350,474 13,586,288 European

ukb-d-30100_irnt MPV Neale lab(2018) 350,470 13,586,285 European

ukb-d-30010_irnt RBC Neale lab(2018) 350,475 13,586,289 European

ukb-d-30070_irnt RDW Neale lab(2018) 350,473 13,586,288 European

ukb-d-30000_irnt WBC Neale lab(2018) 350,470 13,586,282 European

ukb-d-30200_irnt NEUT% Neale lab(2018) 349,861 13,586,283 European

ukb-d-30140_irnt NEUT Neale lab(2018) 349,856 13,586,292 European

ukb-d-30180_irnt LYM% Neale lab(2018) 349,861 13,586,283 European

ukb-d-30120_irnt LYM Neale lab(2018) 349,856 13,586,292 European

ieu-b-5086 Sepsisa Hamilton F (2021) 486,484 12,243,487 European
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the SNPs from the exposure and outcome GWAS. The 
MR estimates are reported as odds ratios (ORs) and 
95% confidence intervals (CIs). Data were presented as 
“mean ± standard deviation (SD),” “median (quartile 1 
(Q1), Q3),” or “frequency (percentage)” as appropriate. 
Quantitative variables underwent comparative analysis 
via the Student’s t-test or the Mann–Whitney U-test, 
while categorical variables were. We used R software 
(version 4.2.2) and the TwoSampleMR (version 0.5.7) and 
MR-PRESSO (version 1.0) packages for all analyses.

Results
Selection of genetic IVs of exposures
In total, there were 570 independent IVs (SNPs) for PDW, 
719 SNPs for PLC, 785 SNPs for MPV, 554 SNPs for 
RBC, 16 SNPs for RDW, 465 SNPs for WBC, 384 SNPs 
for NEUT, 349 SNPs for NEUT%, 489 SNPs for LYM, 
and 395 SNPs for LYM%, respectively (Fig. 3). There are 
no strong associations between the outcome and the 
selected IVs, which suggests their specific relevance to 
28-day mortality in sepsis.

Univariable Mendelian randomization
Causal effect of BCIs on 28‑day mortality in sepsis
Conventional UVMR analysis suggested that only 
genetically determined PDW had a statistically signifi-
cant causal effect on 28-day mortality in sepsis, with an 
OR of 1.12 (95% CI, 1.06–1.26; P < 0.05) using the IVW 
method (Fig. 4). The scatter plots for effect sizes of SNPs 
for PDW are shown in Figure S1A. In contrast, the 

other four methods, including WM (OR, 1.09; 95% CI, 
0.90–1.31; P = 0.40), MR Egger (OR, 1.06; 95% CI, 0.88–
1.28; P = 0.52), simple mode (OR, 1.04; 95% CI, 1.01–
1.26; P = 0.86), and weighted mode (OR, 1.04; 95% CI, 
0.83–1.31; P = 0.72), yielded similar but non-significant 
estimates (Table S3). The IVs of PDW used in these anal-
yses are detailed in Table  S2. As for the SNPs of PDW, 
Cochrane’s Q test indicated the absence of heterogene-
ity (Cochrane’s Q = 614.7; P = 0.09), and the MR-Egger 
intercept analysis did not provide evidence of horizontal 
pleiotropy (intercept = 0.002, P = 0.475). Furthermore, 
as shown in Figure S1B, the funnel plot is symmetri-
cal, suggesting that there is no substantial publication 
bias or other major sources of bias affecting the results. 
Conventional IVW, leave-one-out showed that all of the 
SNPs were on the right side of “0”, indicating that remov-
ing any SNP would not have a large impact on the causal 
correlation estimation, and the MR analysis results were 
robust. Nevertheless, there were no significant associa-
tions observed between genetic liability to other BCIs (all 
P > 0.05), such as RBC, RDW, WBC, NEUT, NEUT%, 
LYM, LYM%, PLC, and MPV, with 28-day mortality in 
sepsis. Furthermore, we validated these results using an 
independent dataset (GWAS ID, ebi-a-GCST004616). 
In this additional analysis, employing the IVW method 
with 99 SNPs, we also observed a significant association 
between PDW and 28-day mortality in sepsis, with an 
OR of 1.23 (95% CI, 1.01–1.49, P < 0.05). These findings 
supported the hypothesis that higher PDW increases the 
risk of death in sepsis patients.

Fig. 3  Flowchart of participant selection
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Casual effect of 28‑day mortality in sepsis on PDW
Given that sepsis itself can also influence alterations 
in platelets, we subsequently conducted a reverse MR 
study to corroborate the impact of PDW on sepsis. 
Considering the genetic predisposition to 28-day mor-
tality in sepsis as the exposure variable, the outcomes 

of the reverse MR analyses are presented in Supple-
mentary Table S4. The random-effects IVW methodol-
ogy yielded no substantial evidence supporting a causal 
relationship between 28-day mortality in sepsis and 
PDW (OR, 1.00; 95% CI, 1.00–1.07; P = 0.29), as shown 
in Fig.  5A. Similar findings were obtained with MR-
Egger regression, weighted median, and mode analyses, 

Fig. 4  UVMR Results of BCIs on Risk of 28-day Mortality in sepsis. Results from 2-sample UVMR analysis; estimated associations reported as OR of 
outcome per unit increase in log odds of 28-day mortality in sepsis. All relevant SNPs were identified in a GWAS as having reached a selection 
threshold of P < 0.05 × 10–8 and pruned at linkage disequilibrium R2 < 0.001. IVW, inverse variance weighted; LYM, lymphocyte cell count; LYM%, 
lymphocyte cell count percentage; MPV, Mean platelet (thrombocyte) volume; NEUT, Neutrophil; NEUT%, Neutrophil percentage; N SNP, number 
of single nucleotide polymorphisms; OR, odds ratio; PDW, Platelet distribution width; PDW1, Data from GWAS ID ukb-d-30110_irnt; PDW2, Data 
from GWAS ID ebi-a-GCST004616; PLC, Platelet count; RBC, Red blood cell (erythrocyte) count; RDW, Red blood cell (erythrocyte) distribution width; 
WBC, White blood cell (leukocyte) count; WM, weighted median; UVMR, Univariable Mendelian randomization
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revealing no evidence of a causal relationship between 
28-day sepsis mortality and PDW (Table S4).

Multivariable Mendelian randomization
To further evaluate the significance of PDW as a risk 
factor for 28-day mortality in sepsis, we performed an 
additional MVMR analysis following our UVMR analy-
sis to assess the impact of major confounders and deter-
mine the independence of causal effects. we extracted 
215 SNPs for PDW, 290 SNPs for PLC, and 291 SNPs 
for MPV. In MVMR, assessing the genetic liabilities for 
PDW, PLC, and MPV jointly, PDW retained a robust 
relationship with 28-day mortality in sepsis, and the 
effect size of association was amplified with an OR of 
1.23 (95% CI, 1.03–1.48; P < 0.05) using the IVW method. 
However, consistent with the findings from the previ-
ous UVMR analysis, the IVW analysis did not yield 

statistically significant results for PLC (OR, 1.02; 95% 
CI, 0.82–1.26; P = 0.87) and MPV (OR, 0.92; 95% CI, 
0.79–1.07; P = 0.28) (Fig. 5B). The above findings further 
support a causal relationship between PDW and 28-day 
mortality in sepsis.

Results of the retrospective study
The baseline characteristics for patients with sepsis 
mortality group and sepsis survival groups are shown 
in Table  2. In our analysis, it was found that PDW lev-
els were notably elevated in the sepsis mortality group 
compared to the sepsis survival groups (Fig.  6A). Fur-
thermore, while MPV levels were also increased in the 
sepsis mortality group, this difference did not reach sta-
tistical significance, possibly due to the limited sample 
size. Subsequently, a univariate logistic regression model 
was employed to investigate the relationship between 

Fig. 5  Inverse Mendelian Randomization analysis and multivariable Mendelian randomization results. A Inverse MR results of the effect of 28-day 
mortality in sepsis on PDW. B MVMR results of PDW, PLC, and MPV on Risk of 28-day mortality in sepsis. Abbreviations: MPV, Mean platelet 
(thrombocyte) volume; MVMR, multivariable Mendelian randomization; MV IVW, multivariable inverse variance weighted; OR, odds ratio; PDW, 
Platelet distribution width; PLC, Platelet count

Table 2  Demographic characteristics and platelet indices of the included patients

Abbreviations: FL Femtoliter, MPV Mean platelet volume, PLC Platelet count, PDW Platelet distribution width

Variables Sepsis P value

Total (n = 70) Mortality group (n = 48) Survival group (n = 22)

MPV (FL) 10.61 ± 1.1 10.46 ± 1.01 10.93 ± 1.23 0.130

PLC (109/L) 136 (91.25, 219) 137 (110.25, 219) 115 (34.75, 224.75) 0.327

Gender 0.532

  Male 15 (21%) 9 (19%) 6 (27%)

  Female 55 (79%) 39 (81%) 16 (73%)

Age(year) 58.43 ± 17.74 59.19 ± 17.41 56.77 ± 18.75 0.612

PDW (%) 11.55 (10.5, 12.47) 11.4 (10.3, 12.33) 12.25 (11.03, 15.6) 0.033
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platelet indices and mortality from sepsis. The results 
indicated that PDW was a risk factor for higher mortality 
in patients with sepsis, with an OR of 1.42 (95% CI = 1.10 
to 1.82, p = 0.01), as illustrated in Fig. 6B. Subsequently, 
following the multivariable regression analysis, PDW 
remained a risk factor for sepsis mortality. This finding 
further supports the association between PDW and sep-
sis mortality, further supporting the association between 
PDW and sepsis mortality (Fig. 6C).

Discussion
BCIs have been recognized for their diagnostic, patho-
physiological, and prognostic value in sepsis, but their 
causal role, and if so, their causal direction, remain uncer-
tain. This study aimed to explore the causal relationships 
between BCIs and 28-day mortality in sepsis by con-
ducting an MR analysis. MR analysis, as utilized in our 
study, is a research method that employs genetic variants 
as instrumental variables to assess causality [22]. Based 
on Mendel’s laws, it assumes random allocation of genes, 
thus mitigating many confounding factors and issues of 
reverse causality common in traditional epidemiological 
studies [22]. While strikingly, we found a remarkable and 
consistent genetic association between PDW and 28 day 
mortality in sepsis risk in both UVMR and MVMR mod-
els. Subsequently, retrospective analysis data similarly 
affirmed that elevated PDW serves as a risk factor for 
mortality in sepsis. However, no significant associations 
of genetic liability to other BCIs were observed, which is 
inconsistent with previous findings [11–15].

Traditionally, platelets are typically known for their 
role in hemostasis; however, recent evidence highlights 
their significant involvement in sepsis, inflammation, and 
immune responses [6, 20]. Various cohort studies have 
emphasized the importance of platelet parameters such 
as PLC, PDW, and MPV in the early diagnosis and prog-
nosis of sepsis [12, 13, 36–38], although some studies 
question their prognostic value [16, 39]. In line with prior 
research, our MR study provided evidence that a genetic 
predisposition to higher PDW is independently and caus-
ally associated with an increased risk of 28-day mortal-
ity in sepsis (IVW: OR, 1.12; 95% CI, 1.06–1.26; P < 0.05). 
However, unlike previous studies, we found no obvious 
evidence that genetic predisposition to PLC and MPV is 
causally associated with the risk of mortality in sepsis.

Nevertheless, a larger question is how PDW affects 
the prognosis of sepsis, and why MPV, another indica-
tor of platelet size, has no relationship with sepsis mor-
tality. PDW serves as an indicator of the morphological 
variability within platelets and is potentially linked to 
their functional status and production rate [40]. There-
fore, an elevated PDW may reflect the activated state of 
platelets. In the context of sepsis, platelets experience 
heightened activation and aggregation, subsequently cul-
minating in the formation of microvascular thrombosis 
[41]. Consequently, heightened PDW levels may signify 
an augmented risk of platelet aggregation and throm-
bus development, thereby contributing to compromised 
microcirculation, organ hypoperfusion, and multi-organ 
dysfunction [41, 42]. In contrast, MPV only reflects the 

Fig. 6  Results of the retrospective study. A Comparison of PDW levels between the sepsis mortality and sepsis survival groups. B Univariate logistic 
regression analysis results. B multivariable logistic regression analysis results. Abbreviations: MPV, Mean platelet (thrombocyte) volume; OR, odds 
ratio; PDW, Platelet distribution width; PLC, Platelet count
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average volume and may not capture the variability in 
their functional activity.

On the other hand, increased PDW may also be 
related to the inflammatory state of sepsis patients. 
Activated platelets are capable of releasing a large num-
ber of inflammatory mediators, thereby modulating the 
response of leukocytes and endothelial cells to inflam-
matory stimuli [43]. When platelets are activated, they 
can secrete a plethora of chemotactic factors, cytokines, 
and adhesion molecules, such as IL-1, CXCL1, and PF4 
[44]. Among them, IL-1 acts as a central mediator in the 
cascade of cytokine reactions, further inducing vascu-
lar smooth muscle cells to release IL-6 and IL-8, as well 
as endothelial cells to release CCL2 [45, 46]. The ensu-
ing inflammatory reactions can precipitate a cascade of 
events including a cytokine storm, endothelial cell injury, 
release of tissue factors, and activation of the coagulation 
cascade, ultimately leading to the development of dissem-
inated intravascular coagulation (DIC), propensity for 
bleeding, and shock [6, 42]. Moreover, platelets can also 
form aggregates with leukocytes, exerting further influ-
ence on leukocyte functionality [43]. Platelet-leukocyte 
interactions can further enhance the adhesion charac-
teristics and phagocytic activity of neutrophils, inducing 
an inflammatory response, which is crucial in the innate 
immune system for combating microbial infections [47]. 
However, in sepsis, there is excessive activation of the 
innate immune system, particularly neutrophil hyperac-
tivation, which is associated with tissue damage, multi-
organ failure, DIC, and other microvascular pathologies 
[48]. Furthermore, abundant evidence has shown that 
pathogens such as Staphylococcus aureus, Streptococcus 
pneumoniae, and Escherichia coli can bind to platelets 
and further activate platelet function [49], which may 
play a crucial role in the pathogenesis of sepsis.

As for the leukocyte and erythrocyte indices, although 
previous studies have indicated that most of them, such 
as RDW, are associated with the prognosis of sepsis, our 
MR analysis did not find any significant causal correla-
tion. Furthermore, our study also provided new insights 
into some controversial issues. For example, RDW has 
been considered a valid prognostic marker in most stud-
ies, but some studies have challenged its importance [16, 
17, 39]. Our study found that RDW had no clear causal 
association with sepsis severity (Fig.  3). In summary, to 
elucidate the intricate interplay between these hema-
tological indices and sepsis, future research endeavors 
should focus on unraveling the underlying molecular 
pathways and biological mechanisms involved.

Strengths and limitations
We used summary genetic associations from the larg-
est GWASs available, which are crucial for identifying 

small effect sizes. Moreover, the utilization of the MVMR 
model represents a significant strength. MVMR enables 
the incorporation of multiple genetic variants, account-
ing for their effects on both the exposure and outcome 
variables. Additionally, we conducted a single-center 
retrospective analysis to further validate the MR results. 
To our knowledge, this is the first study using two-sam-
ple MR analysis to investigate the causal relationship 
between BCIs and mortality risk in sepsis.

However, the results should be interpreted cautiously 
due to the following limitations. Despite the large sample 
size used in our analysis, we acknowledge the possibility 
of overlooking weak associations, especially those involv-
ing exposures composed of some SNPs that can explain 
small phenotypic variations. In addition, it is important 
to recognize the potential for bias resulting from hori-
zontal pleiotropy. we found consistent results across 
various sensitivity analyses, and limited evidence of sig-
nificant pleiotropic effects was observed in MR-Egger 
and MR-PRESSO analyses. Thirdly, the lack of detailed 
clinical data at a large scale prevented us from perform-
ing subgroup analyses, which could introduce potential 
biases. Fourth, the population restriction in our study 
may constrain the applicability of our findings to other 
populations.

Conclusions
We provide preliminary genetic evidence that PDW is a 
causal risk factor for increased 28-day mortality risk in 
sepsis, which may facilitate early identification of criti-
cally ill patients in clinical settings. Subsequently, ret-
rospective analysis data similarly affirmed that elevated 
PDW serves as a risk factor for mortality in sepsis. Fur-
thermore, we find no evidence of causal effects for some 
previously predictive BCIs such as RDW and PLC, and 
offer new insights into some controversial indicators. In 
future studies, identifying comprehensive risk factors for 
sepsis and developing novel prediction models for sepsis 
can help to stratify individuals at specific risk and provide 
decision support for personalized interventions.
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