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Abstract
Background  While mean platelet volume (MPV) is linked to severity and all-cause mortality in patients with sepsis, 
its association with all-cause mortality and cardiovascular mortality in patients treated with peritoneal dialysis (PD) 
remains unknown.

Objectives  The purpose of this study was to estimate the relationship between MPV and all-cause mortality and 
cardiovascular mortality among patients treated with PD.

Method  We retrospectively collected 1322 patients treated with PD from November 1, 2005 to August 31, 2019. 
All-cause mortality and cardiovascular mortality was identified as the primary outcome. MPV was classified into three 
categories by means of X-tile software. The correlation between MPV and all-cause mortality was assessed by Cox 
model. Survival curves were performed by Kaplan-Meier method.

Results  The median follow-up period was 50 months (30–80 months), and a total of 360 deaths were recorded. With 
respect to all-cause mortality, patients in MVP ≥ 10.2 fL had considerably higher risk of all-cause mortality among 
three models (HR 0.68, 95%CI 0.56–0.84; HR 0.70, 95%CI 0.56–0.87; HR 0.73, 95%CI 0.59–0.91; respectively). Moreover, 
patients treated with PD, whose MVP ≥ 10.2 fL, also suffered from significantly higher risk of cardiovascular mortality in 
model 1, 2, and 3 (HR 0.63, 95%CI 0.46–0.85; HR 0.66, 95%CI 0.48–0.91; HR 0.69, 95%CI 0.50–0.95; respectively).

Conclusions  This study indicates that MPV is independently correlated with both all-cause mortality and 
cardiovascular mortality in PD.
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Introduction
Mean platelet volume (MPV) is an inflammatory marker 
and a biomarker in the routine blood count report, which 
is also a signaling molecule for both the stimulation and 
function of platelets. It frequently serves as a gauge for 
platelet size and provides information on how quickly 
platelets are produced and activated [1]. In those previ-
ous studies, MPV had been associated with an increased 
incidence of hypertension [2]. And the latest studies 
found that MPV can be a predictor of sepsis severity 
and mortality, as well as platelet count recovery in den-
gue patients [3]. In the process of continuous studies, a 
series of cancer’s relevant studies, such as prostate can-
cer, oral cancer and lung cancer, are closely related to 
MPV. Muhyettin Omar et al. found that the role of MPV 
is poor prognostic factors in lung cancer [4]. Ghazi Abu-
zaid suggested that MPV could be meaningful prognostic 
predictors for low survival rates [5]. The normal value of 
MPV is 7–11 (fl.), and its change is affected by the status 
of hematopoietic function of bone marrow, diabetes mel-
litus, myocarditis and other factors [6]. The value of MPV 
is important for the clinical diagnosis of patients.

Cardiovascular disease (CVD) is a set of heart and 
vascular diseases always represented by coronary heart 
disease (CHD), congestive heart failure (CHF), angina 
pectoris, as well as stroke [7]. MPV played a crucial role 
in cardiovascular homeostasis [8]. A cohort study indi-
cated that incident patients treated with peritoneal dialy-
sis (PD) possessing greater platelet (PLT) and plateletcrit 
(PCT) levels may also have a higher risk of cardiovascular 
mortality [9]. PD includes continuous ambulatory perito-
neal dialysis (CAPD) and continuous circulating perito-
neal dialysis (CCPD). Mangalachulli Pottammal Ranjith 
et al. found that in myocardial infarction (MI) patients, 
MPV may be linked to worse outcomes [10]. However, 
the relationship between MPV levels and cardiovascu-
lar mortality among incident patients treated with PD is 
unclear.

Although there have been several successful publica-
tions in MPV related fields, the relationship between 
MPV and all-cause mortality and cardiovascular mortal-
ity in peritoneal dialysis patients is unclear due to the lack 
of specific mechanism studies. Therefore, the intention of 
this research was to investigate the probable link between 
MPV and all-cause, cardiovascular mortality among inci-
dent peritoneal dialysis patients.

Methods
Study population and data collection
From November 1, 2005, to August 31, 2019, all patients 
who got selected have had PD renal replacement therapy 
at the PD Center, belonging to dongying people’s hos-
pital. The criteria for inclusion were as follows: (1) with 
an age of more than 18 (2) accepting the treatment of 

peritoneal dialysis (3) living for 90 days or more after 
receiving the treatment (4) residual kidney function and 
weakly total (Kt/V) can still support normal life activi-
ties. Those who had any of the following characteris-
tics were excluded: (1) under 18 years of age (2) shifted 
from hemodialysis or an unsuccessful kidney transplant 
(3) ceased receiving peritoneal dialysis during the first 
three months of therapy and patients with acute infec-
tion within three months of peritoneal dialysis treatment 
or had other chronic inflammation (4) missing Mean 
platelet volume data (5) known malignancy, persistent 
renal and an autoimmune condition (6) patients with 
rheumatic disease, liver cirrhosis or consuming immu-
nosuppressor medicine. The study was authorized by the 
Human Ethics Committee of the Sixth Affiliated Hospital 
of dongying people’s hospital (20,221,067).

The patient follow-up was terminated upon the dis-
continuation of PD, failure to following up, death, or 
December 31, 2020. Patients’ death is defined as myocar-
dial ischemia or infarction, congestive heart failure and 
sudden cardiac arrest. The demographic information of 
patients included sex, age, and prehospital comorbidi-
ties, including premorbid CVD and diabetes. The cru-
cial clinical and biological variables to consider were as 
follows: body mass index (BMI), Charlson Comorbidity 
Index (CCI), hypertension, hemoglobin, albumin, total 
cholesterol (TC), triglyceride (TG), low density lipopro-
tein (LDL), high density lipoprotein (HDL) and Anti-
platelet medications [11, 12].Through the utilization of 
customary direct procedures, the concentrations of HDL, 
LDL, and TG were measured [13]. 1.5ml of venous blood 
was drawn into the corresponding test tube. The Sysmex 
XE-2100 automatic blood cell analyzer is used for routine 
blood test, and its supporting reagents, blood cell quality 
control products and calibration products are provided 
by Sysmex Japan. Blood samples for laboratory analy-
sis are taken after 8–12 h of fasting. Collecting baseline 
data regarding demographics and blood sample results 
1–3 months after PD happened, and using the creatinine 
equation of Chronic Kidney Disease Epidemiology Col-
laboration to evaluate residual renal function.

Statistical analyses
X-tile is a significant instrument used for outcome-based 
cutoff point optimization and was applied to pick out the 
ideal cutoff value of MPV [14]. The patients were split 
into two groups based on the X-tile method (Yale Uni-
versity, New Haven, CT, USA): low MPV (< 10.2 fL) and 
high MPV (≥ 10.2 fL). Utilizing percentages and frequen-
cies to represent categorical variables, means as well as 
standard deviations (SDs) to represent normally distrib-
uted data, and medians and interquartile ranges to rep-
resent non-normally distributed data. Employing MPV 
Chisquare, one-way ANOVA, or Kruska-Wallis tests to 
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examine how distinct MPV types differ from one another 
in terms of continuous variables and classification statis-
tics. In order to generate the survival curve and compare 
it with the logarithmic rank test, the Kaplan-Meier tech-
nique was applied to calculate the cumulative incidence. 
The relationship between MPV and all-cause mortality 
was investigated using a Cox proportional hazard model. 
Moreover, three multivariable proportional hazard mod-
els were constructed for this investigation. Multivari-
ate Cox proportional hazard regression was conducted 
through choosing the clinically prominent covariates and 
variables with P 0.05 in univariate Cox analysis. Model 1 
was unadjusted crude HR. Model 2 was adjusted for age, 
gender, Charlson comorbidity index, diabetes, hyper-
tension, premorbid cardiovascular diseases, body mass 
index (BMI) and antiplatelet medication. Model 3 was 
further adjusted for hemoglobin, albumin, HDL as well 
as LDL. The possible impacts of age, sex, premorbid dia-
betes, premorbid hypertension, and premorbid CVD 
concerning the relationship between MPV and all-cause 
mortality were assessed in the stratified multivariate 
analysis. In regards to hazard ratios (HRs) and 95% confi-
dence intervals (CIs), the pertinent results are presented. 
For data analysis, SPSS 22.0 (SPSS, Inc., Chicago, IL) was 
applied, and for survival analysis and stratified analysis, 
R, version 3.6.0 (http://www.r-project.org) was utilized. 
Additionally, the results are considered statistically sig-
nificant if P < 0.05.

Results
Baseline patient characteristics
The records concerning 1457 patients catheterized at our 
PD center were reviewed. Among these, an aggregate of 
135 patients were excluded from the study, including 15 
patients who were under the age of 18; 8 patients who 
were transferred from HD; 2 patients who were moved 
from failed renal transplantation; and 24 patients ceased 
within the first 3 months; 8 patients with systemic lupus 
erythematosus; 78 patients without mean platelet volume 
value. Therefore, 1322 patients were ultimately regis-
tered, and their information was stored for further analy-
sis (Fig. 1). Furthermore, we utilized maximally selected 
rank statistics to estimate and evaluate the optimal cut-
point for each variable, and finally, the cutpoint of MPV 
was determined to be 10.2 fL (Fig. 2). A comparison of the 
baseline characteristics of the enrolled patients is shown 
in Table 1, of which the mean ± SD age of 49.3 ± 14.5 years 
and 761 were man (57.6%) were present. There were sig-
nificant differences in sex, total cholesterol as well as low-
density lipoprotein between the two groups (Table 1).

The correlation of MPV with all-cause mortality and 
cardiovascular mortality
In this study, the interquartile range for the follow-
up duration was 30–80 months, with 50 months as the 
median. 360 patients were dead overall at the conclusion 
of the follow-up, with 167 of those fatalities coming from 
CVD (46.4%) (Fig. 1). Kaplan–Meier estimates of patients 
treated with PD with different MPV levels are shown in 
Fig.  2, which indicated that the participants in the low 
MPV group (MPV < 10.2 fL) had significantly lower all-
cause and cardiovascular mortality (P = 0.00028 and 
P = 0.0025, respectively).

The associations of MPV with all-cause mortality as 
well as cardiovascular mortality were examined through 
the Cox proportional hazard regression (Table  2). The 
HR (95% CI) of all-cause and cardiovascular mortal-
ity for participants in the highest MPV group was 0.68 
(0.56–0.84) and 0.63 (0.46–0.85) respectively with unad-
justed crude HR in Model 1 in comparison to those in the 
lowest MPV group; 0.70 (0.56–0.87) and 0.66 (0.48–0.91) 
respectively with adjustment for age, gender, Charlson 
comorbidity index, diabetes, hypertension, premorbid 
cardiovascular diseases, body mass index and antiplate-
let medication in Model 2; 0.73 (0.59–0.91) and 0.69 
(0.50–0.95) respectively with further adjustment for 
hemoglobin, albumin, triglyceride, high-density lipopro-
tein cholesterol and low-density lipoprotein cholesterol 
in Model 3 (Table 2).

According to a stratified multivariate analysis, age, gen-
der, diabetes, hypertension and CVD had a profoundly 
impact on the collaboration between MPV and all-cause 
mortality. What’s more, higher MPV (MPV 10.2 fL) was 
correlated with all-cause mortality in males, patients 
younger than 60 years old as well as patients without 
diabetes, hypertension, or CVD. Moreover, those who 
aged < 60, without diabetes and CVD in MVP ≥ 10.2 fL 
had significantly higher risk of cardiovascular mortality 
(Fig. 4).

Discussion
We discovered a substantial correlation between MPV 
and cardiovascular and all-cause death in our retrospec-
tive cohort analysis. Our findings suggest that high lev-
els of MPV (MPV ≥ 10.2 fL) is an independent hazards 
and biological marker for all-cause and cardiovascular 
mortality in patients treated with PD. Based on the most 
recent search report, this study is the initial study to 
demonstrate an association between MPV and cardiovas-
cular and all-cause mortality in patients treated with PD.

Some previous typical researches have demonstrated 
that the levels of several platelet indices, such as platelet-
crit, platelet count as well as platelet distribution width, 
were correlated with mortality in patients receiving dialy-
sis [15]. The link between MPV and mortality in patients 
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treated with PD, however, seemed controversial. Our 
findings suggested that hypertension has no statistically 
significant effect on cardiovascular mortality, while in 
contrast, both Hamdi Pusuroglu et al. and Oh J-Y et al. 
reported that hypertension had noteworthy correlation 
with cardiovascular mortality [16, 17]. A previous study 
from Korea showed that MPV was a prognostic marker in 
patients with renal damage who needed ongoing kidney 
replacement therapy [18]. The results of this study were 
very similar to our results, both indicating that Kaplan-
Meier curves showed that patients with MPV ≥ 10.2 fL 
had a substantially greater 28-day all-cause mortality 
than patients with MPV < 10.2 fL (P < 0.001). An early sys-
tematic review and meta-analysis showed that MPV as a 
predictor of cardiovascular [19]. In the meantime, recent 
studies showed that increased MPV are associated with 
increased risk of mortality in cardiogenic shock patients 
treated with short-term mechanical circulatory support 
[20]. Indeed, related studies have confirmed that MPV 
predicts all-cause mortality and clinical prognostic value 

in patients with infective endocarditis and patients with 
sepsis [21, 22]. A recent case-control study also indi-
cated that high MPV values help predict late onset sep-
sis in preterm infants [23]. In addition, studies by Fayna 
Rodríguez-González et al. have shown high MPV level is 
predictors of atrial fibrillation, heart failure and throm-
bocytopenia [24]. It has to be mentioned that platelet 
activation is linked with inflammation, thrombosis as 
well as heart failure. The observation gives rise to the 
determine that MPV has significant value for the prog-
nostic outcome of many clinical diseases.

As a novel marker to evaluate the danger of all-cause 
mortality and cardiovascular mortality, MPV were dem-
onstrated playing a role of independent mortality risk 
factor among hemodialysis, acute ischemic stroke and 
severe head trauma patients [25–28]. Kim S et al. showed 
that in comparison to normal MPV, low MPV among 
hemodialysis patients was linked with a lower mortality 
risk throughout all multivariable models [28]. In addi-
tion, a study by Wu F et al. have shown mean platelet 

Fig. 1  Enrollment flow chart for analysis. PD, Peritoneal Dialysis; HD, Hemodialysis; IQR, Interquartile Range; CV, Cardiovascular; MPV, Mean Platelet Volum
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volume-to-lymphocyte ratio (MPVLR) was positively 
associated with stroke severity and short-term mortal-
ity [29]. In febrile neutropenia patients, MPV is the only 
one complete blood count parameters that substantially 
connected with 28-day mortality and severe medical 
complications [30]. However, the special role of MPV in 
predicting mortality is controversial in other diseases. In 
patients with ACS treated with invasive therapy, a 3  g/
dl reduction in in-hospital hemoglobin levels was com-
mon, even in the absence of significant bleeding events, 
and was independently associated with an increased risk 
of 1-year all-cause death [31]. Among laryngeal cancer 
patients, Guo E et al. showed that lower MPV was asso-
ciated with worse survival [32]. Furthermore, Delago D 
et al. also found the decreased MPV was associated with 
poor prognostic in patients with oropharyngeal cancer 
treated undergoing radiotherapy [33]. Therefore, MPV 
may be a novel alternative marker of increased risk of 
mortality, but further relevant research is demanded. In 
our study, we found that high level MPV (MPV ≥ 10.2 fL) 
is independently related to all-cause mortality and car-
diovascular mortality in patients treated with PD. Never-
theless, the role of MPV among other population, such 
as patients with peripheral arterial disease is unclear. The 
current finds further intensify the role of MPV on pre-
dicting mortality for other kind of population.

Table 1  Characteristics of subjects stratified by mean platelet 
volume level
Variables Total

(n = 1322)
MPV P-

val-
ue

< 10.2 fL 
(n = 526)

≥ 10.2 fL 
(n = 796)

Age (yr) 49.3 ± 14.5 49.0 ± 14.6 49.5 ± 14.4 0.581
Men (%) 761 (57.6) 325 (61.8) 436 (54.8) 0.012
Body mass index 
(kg/m2)

21.8 ± 3.2 21.8 ± 3.1 21.8 ± 3.3 0.985

CCI 2.7 ± 1.1 2.7 ± 1.1 2.7 ± 1.1 0.583
Diabetes (%) 248 (18.8) 97 (18.5) 151 (19.0) 0.839
Hypertension (%) 992 (75.3) 406 (77.6) 586 (73.7) 0.107
CVD (%) 124 (9.4) 44 (8.4) 80 (10.1) 0.312
Hemoglobin (g/L) 80 ± 17 79 ± 18 80 ± 17 0.233
Albumin (g/L) 35.6 ± 5.1 35.3 ± 5.2 35.8 ± 5.1 0.106
Total cholesterol 
(mmol/L)

4.09 (3.40, 
4.85)

4.20 (3.47, 
5.01)

4.01 (3.35, 
4.74)

0.002

Triglyceride (mmol/L) 1.30 (0.92, 
1.81)

1.32 (0.95, 
1.83)

1.29 (0.91, 
1.79)

0.235

Low-density lipopro-
tein (mmol/L)

2.33 (1.84, 
2.96)

2.36 (1.90, 
3.02)

2.30 (1.82, 
2.89)

0.042

High-density lipopro-
tein (mmol/L)

1.09 (0.90, 
1.38)

1.10 (0.90, 
1.41)

1.09 (0.90, 
1.36)

0.356

Antiplatelet medica-
tions (%)

66 (5.0) 30 (5.7) 36 (4.5) 0.335

Abbreviations: CCL, Charlson Comorbidity Index; CVD, Cardiovascular Disease. 
P < 0.05 is considered statistically significant

Fig. 2  The maximally selected rank statistics for MPV
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On the one hand, the size and volume of platelets 
reflect the proliferation and metabolism of megakaryo-
cytes and the formation of platelets in bone marrow. On 
the other hand, it is closely related to the ultrastructure, 
enzyme activity and functional status of platelets. with 
the increase of MPV, platelet aggregation and release 
function were significantly enhanced, and the all-cause 
mortality of patients treated with PD was also increasing 
[34, 35]. The relationship between MVP and cardiovas-
cular and all-cause mortality in patients treated with PD 
can be accounted for in varieties of ways. Firstly, platelet 
was demonstrated involving in modulating inflammatory 
[36].Inflammatory mediators and proinflammatory cyto-
kines released by platelet boost leukocyte recruitment, 
which induced the release of inflammatory cytokines to 

continue. In addition, prothrombotic material reserved 
in platelet promotes platelet activation, platelet adhe-
sion, and vascular neointimal proliferation [36]. Thirdly, 
glycoprotein Ib and IIb/IIIa adhesion receptors are more 
densely distributed in platelets and platelets are more 
reticulated. Therefore, higher level of platelets leads to 
worse antiplatelet treatment response [37]. The cen-
tral progress of occlusive arterial disease is the platelet 
activation and thrombosis and antiplatelet agents abil-
ity is charactered by diminishing cardiovascular mor-
bidity and mortality [38]. A meta-analysis conducted by 
Sansanayudh N et al., revealed that coronary artery dis-
ease (CVD) patients with high level of MPV suffered a 
16% increased risk of mortality or having a myocardial 
infarction (MI) than those with low MPV levels [39]. 

Table 2  The associations of MPV with all-cause mortality and cardiovascular mortality using cause-specific hazard models
Model 1 Model 2 Model 3
 h (95%CI) P Value HR (95%CI) P 

Value
HR (95%CI) P 

Value
All-cause mortality
MPV per 1-fL increase 0.93 

(0.88–0.98)
0.012 0.93 

(0.87–0.99)
0.017 0.93 

(0.88–1.00)
0.038

MPV < 10.2 fL Reference Reference Reference
MPV ≥ 10.2 fL 0.68 

(0.56–0.84)
< 0.001 0.70 

(0.56–0.87)
0.001 0.73 

(0.59–0.91)
0.005

Cardiovascular mortality
MPV per 1-fL increase 0.88 

(0.82–0.95)
0.001 0.88 

(0.81–0.96)
0.003 0.88 

(0.81–0.97)
0.006

MPV < 10.2 fL Reference Reference Reference
MPV ≥ 10.2 fL 0.63 

(0.46–0.85)
0.003 0.66 

(0.48–0.91)
0.012 0.69 

(0.50–0.95)
0.024

MPV: mean platelet volume; HR, hazards ratio; CI, confidence interval

Model 1: Unadjusted crude HR

Model 2: Adjusted for age, gender, Charlson comorbidity index, diabetes, hypertension, premorbid cardiovascular diseases, body mass index, and antiplatelet 
medication

Model 3: Adjusted for age, gender, Charlson comorbidity index, diabetes, hypertension, premorbid cardiovascular diseases, body mass index, antiplatelet 
medication, hemoglobin, albumin, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol

Fig. 3  Cumulative incidence of all-cause and cardiovascular mortality for patients treated with peritoneal dialysis stratified by MPV
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Thirdly, high level MPV may indicate increasing in plate-
let turnover. Megakaryocytes in the bone marrow release 
a rising number of youthful, larger, and reactive platelets 
under conditions of rapid platelet turnover, which lead to 
a rise in the MPV value. Meanwhile, it has been shown 
that soluble P-selectin, platelet stimulation indicator, and 
platelet aggregation are linked to excessive platelet turn-
over [40]. Doctors and health managers may gain some 
meaningful implications by our result. Our finding sug-
gests that patients treated with PD with high MPV level 
(MPV ≥ 10.2 fL) have an increased risk of all-cause mor-
tality and cardiovascular mortality.

There are certain limitations to our study. First, we only 
measured the relationship between MPV and all-cause 
mortality and cardiovascular mortality, and didn’t evalu-
ate relevant indicators such as mean platelet volume to 
platelet count ratio (MPV/PC), inflammatory cells and 
inflammatory factors, which to some extent didn’t accu-
rately reflect the trend changes in blood parameters. Sec-
ond, the lack of information on alcohol consumption, 
smoking, and other habits and living environments may 
also affect the level of lipids and ultimately the accuracy 
of the study results. At the same time, some unknown or 
uncollected factors may affect the accuracy of the study 
results. Finally, although we have controlled for many 
possible confounders to a certain extent, our results 
may still be biased by residual confounders and random 
errors. Therefore, our focus will be to monitor more 

relevant indicators, broaden the sample size and reduce 
confounding variables as much as possible in the future.

Conclusion
High level MPV (MPV ≥ 10.2 fL) is independently related 
to all-cause mortality and cardiovascular mortality in 
patients treated with PD.
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