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Abstract
Introduction: Although several studies have been conducted on the association of mean platelet volume (MPV) with the
diagnosis, morbidity, and mortality of coronavirus disease 19 (COVID-19) patients, the results were contradictory. We aimed
to investigate the effects of MPV on hospitalization and mortality with a significant number of patients.
Methods: This multicenter study was carried out retrospectively on 9.487 patients. The demographic information and laboratory parameters of the patients were obtained from their medical records in the hospital. Analyses were performed using
Statistical Package for the Social Sciences (SPSS) version 22.0 for Windows.
Results: In total, there were 806 intensive care unit (ICU) patients, in addition to 8.681 non-ICU patients. The mean age of
patients in ICU was significantly higher than non-ICU (71.25±13.42 vs. 56.17±16.59; p<0.001). MPV values at admission and
max MPV values during the period of hospitalization were significantly higher in patients followed in the ICU (p<0.05). MPV, MPVlast, ΔMPVlast-first, and ΔMPV% values were significantly higher in non-survivor group than the survived patients. As a
first
result of receiver-operating characteristic analysis, the risk of mortality was determined to be 5.15 fold greater in people with
MPVlast ≥10.05 fl. (ODDS ratio:5.15 95% CI: 4.374–6.067). The patient has a 4.62 fold risk of death after a 2.18% increase of
arrival MPV value (ODDS ratio: 4.62, 95% CI: 3.455-6.203).
Discussion and Conclusion: We thought that MPV and MPV changes during hospitalization may be a powerful predictor of
mortality in patients with COVID-19.
Keywords: Coronavirus disease 19; hospital stay; mean platelet volume; mortality.

O

n December 2019, coronavirus disease 19 (COVID-19)
caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus was first reported in Wuhan,
China[1]. In March 2020, the World Health Organization

(WHO) declared COVID-19 as pandemic disease and since
then, COVID-19 has spread rapidly across the world with
123.216.178 confirmed cases and 2.714.517 deaths until February 23, 2021[2]. Pneumonia remains the leading
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cause of death in critical care patients, despite the implementation of several strategies over the last few decades
that have aimed to optimize outcomes for patients with
pneumonia[3-5]. Early recognition and risk stratification are
necessary to improve outcomes for pneumonia patients[6].
Easily accessible, inexpensive, and widely used laboratory
tests that show the severity of COVID-19 are important. In
addition to their main role in hemostasis and thrombosis,
platelets are thought to play a role in inflammation and
immune responses[7]. Mean platelet volume (MPV) is an
indicator of platelet size and activity. Several studies have
reported that MPV changes are associated with morbidity
and mortality in patients with diseases such as sepsis, diabetes mellitus, myocardial infarction, and chronic inflammatory disorders[8-11]. Although there are several studies
about the association of MPV with the diagnosis, morbidity, and mortality of COVID-19 patients, the results were
contradictory[11-14]. Since we thought that these conflicting results seen in previous studies were due to their small
number of patient groups or their study design, we aimed
to investigate the effects of MPV on hospitalization and
mortality with a large patient population.

Materials and Methods
Sample Collection
This multicenter study was carried out retrospectively on
9.487 patients (over 18 years old) who were hospitalized
with the diagnosis of COVID-19 in four hospitals of Istanbul between March 15, 2020, and December 15, 2020. All
these patients had COVID-19 diagnosis by the RNA test
through polymerase chain reaction and/or by the computed tomography imaging. The demographic information and laboratory parameters of the patients were obtained from their medical records in the hospital. MPV
values of patients were recorded from laboratory findings. Patients’ values at admission were defined as MPVfirst,
the peak values during hospitalization MPVmax and final
values as MPVlast. Peak laboratory values were recorded
for C-reactive protein, erythrocyte sedimentation rate,
white blood cell count, procalcitonin, and D-dimer as inflammatory markers with other biochemical markers such
as aspartate aminotransferase, alanine aminotransferase,
creatinine, and hemogram, as organ-specific parameters
for liver, kidney, and bone marrow. The The Turkish health
ministry and local ethical committee approval were obtained from an Fatih Sultan Mehmet Training and Research Hospital (FSMEAH-KAEK 2020/126). The Helsinki
Declaration of Human Rights was followed.

Statistical Analysis
Analyses were performed using Statistical Package for the
Social Sciences (SPSS) version 22.0 for Windows. The results of all parameters belonging to patients were given as
mean±standard deviation and median (interquartile range
Student’s t-test was used to compare normally distributed
parameters between two groups, and Mann–Whitney U
test was used for comparisons of parameters not showing
normal distribution between two groups). In the determination of cut-off points for MPV receiver-operating characteristic (ROC) analysis was used, bivariate correlation analyses were performed using the Pearson correlation test.
Categorical variables were analyzed by the χ2 test. Probability values were two-tailed and a p<0.05 was considered
significant.

Results
In total, 9.487 COVID-19 patients were recruited to this study.
Among these patients, 4.358 (46%) of them were female and
5.129 (54%) of the participants were male with a total mean
age of 57.45±16.88. To compare the severity of the disease
and MPV values, we separated the patients into two groups:
Group 1, those who were followed up in the intensive care
unit (ICU) and Group 2, those who did not need to be followed in ICU. In total, there were 806 ICU patients (Group 1)
in addition to 8.681 service patients (Group 2). The mean age
of patients in Group 1 was significantly higher than Group 2
(71.25±13.42 vs. 56.17±16.59; p<0.001). Among the patients
hospitalized with a diagnosis of COVID-19, the MPV values at
admission (MPVfirst) and max MPV values (MPVmax) during
the period of hospitalization were significantly higher in patients followed in the ICU (Table 1).
Other than hospitalization to ICU, we also evaluate the
mortality of COVID-19 patients. The age of the patient who
died due to COVID-19 was significantly higher than surTable 1. Comparison of MPV values of patients due to their
hospitalization in ICU
		
		

*Group 1
(n=806)

**Group 2
(n=8681)

MPVfirst			
Mean±SD
9.62±1.08
9.48±1.03
<0.001
Median (IQR)
9.5 (8.8-10.2)
9.4 (8.8-10.1)
MPVmax			
Mean±SD
11.18±1.47
10.12±1.12
<0.001
Median (IQR)
11 (10.1-11.9)
10 (9.3-10.9)
*Group 1: Patients followed on ICU; **Group 2: Patients followed on nonintensive care unit; ICU: İntensive care unit; MPV: Mean platelet volume.
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vived ones (72.64±12.5 vs. 56.17±16.57; p<0.001). Table 2
shows the association between the MPV values and mortality of the patients. Both the initial and final MPV values
of the patients were significantly higher in the non-survivor
group than the survived patients. As it is seen on the table,
the ratio of the difference (Δ MPV %) or just the difference
between the first and last MPV values (ΔMPVlast-first) was also
greater on the non-survivor group of the patients (p<0.001).
When we compared the difference between the MPVfirst and
MPVlast for survived (9.48±1.01 vs. 10.14±1.25; p<0.001) and
non-survived groups (9.61±1.06 vs. 11.42±1.51; p<0.001),
we have seen that there was a significant increase of initial
MPV values during hospitalization for each group.
When the ROC analysis used for the evaluation of MPV parameters, it was clear that MPVlast was the most significant
parameter (Table 3). MPV values higher than 10.05 were
suggested to be a valuable parameter for predicting the
mortality of the patients (Fig. 1). Other than the analysis
mentioned above, ROC analysis also showed that an increase in MPV of 0.2 (2.18%) was seems to be other predicTable 2. Comparison of MPV values of coronavirus disease 2019
survivors and non-survivors
		
		

Survived
(n=8.752)

Non-survived
(n=735)

MPVfirst			
Mean±SD
9.48±1.01
9.61±1.06
<0.001
Median (IQR)
9.4 (8.8–10.1)
9.4 (8.9–10.2)
MPVlast			
Mean±SD
10.14±1.25
11.42±1.51
<0.001
Median (IQR)
10 (9.3–10.9)
11.2 (10.3–1.3)
Δ MPVlast-first			
Mean±SD
−0.121±0.75
0.831±1.30
<0.001
Median (IQR)
−0.1 (−0.6–4 )
0.7 (0–1.5)
Δ MPV %			
Mean±SD
0.97±7.7
8.91±13.52
<0.001
Median (IQR)
−1.06 (−5.9–3.67) 7.06 (0–15.99)
MPV: Mean platelet volume.

Figure 1. Receiver-operating characteristic curve of MPVlast predicting mortality.

tors of mortality. The risk of mortality was determined to be
5.15 fold greater in people with MPVlast ≥10.05 fl. (ODDS ratio: 5.15 95% CI: 4.374–6.067). The patient has 4.62 fold risk
of death after a 2.18% increase of arrival MPV value (ODDS
ratio: 4.62, 95% CI: 3.455–6.203).

Discussion
This study aimed to investigate the association between the
prognosis and MPV values of the COVID-19 patients. Both
the initial and max. MPV values were found to be higher
on patients followed at ICU. Besides that, we observed
that all MPV parameters were higher for the non-survived
group than survived ones. To see the cut-off points for MPV
parameters, we have done the ROC analysis and see that
rather than admission MPV values, last MPV parameters of
the patient and increase ratio of MPV values were much
valuable than the other parameters.

Table 3. Receiver-operating characteristic analysis of MPV values affecting mortality of the patients
Risk factor

AUC (%95)

Cut off

P

Sensitivity %

Specificity %

MPVfirst
MPVlast
Δ MPVlast-first
Δ MPV%

0.587 (0.548–0.626)
0.770 (0.737–0.803)
0.742 (0.702–0.781)
0.739 (0.702–0.781)

9.65
10.05
0.200
2.18

<0.001
<0.001
<0.001
<0.001

57.6
69.5
69.1
68.0

53.9
69.3
68.3
68.3

MPV: Mean platelet volume.
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Although studies have generally been conducted on MPV
and mortality rates, two previous studies have focused on
the difference between patients hospitalized in intensive
care and patients who do not need intensive care, but there
was no significant difference. In the study of 37 COVID-19
patients, there was no difference between MPV values
at admission among the patients in ICU and service[15].
In another study, Asan et al.[16] included 697 patients in
their study, and 27 of them were followed up in the ICU.
Although the MPV/platelet ratios of the patients followed
in the ICU were slightly higher (p=0.049), there was no significant difference between MPV values. In our study, both
the MPV at admission and the max MPV values after hospitalization were significantly higher in patients followed
in the ICU.
There are significant differences among the studies,
which were about the MPV values and mortalities of patients. Depending on the time at which MPV was examined during the period of hospitalization, these studies
had been performed in both before and after COVID-19
epidemic. In the studies conducted by Altun et al.[17] and
Kucukardali et al.,[18] although the arrival MPV values of
the patients who died were slightly higher than those
living, no statistically significant difference was found. In
addition, in their study, Kucukardali et al.[18] were found
a significant correlation between MPV and APACHE score
(r=0.34, p<0.05) which is a scoring system associated with
increased risk of hospital death. In another study with 119
COVID-19 patients, the arrival MPV values did not show
any difference between the non-survivor and survivor
groups[19]. It is observed that almost all of the studies
that did not find a significant relationship between MPV
values and mortality had been used the MPV values of the
first admission to the hospital.
Other than these studies in which MPV values did not
show any difference between the survivor and non-survivor patients, in their study with COVID-19 patients, Güçlü
et al. found that MPV values were not significant when
compared with the severity of the disease. Patients with
room air oxygen saturation <90% were considered as severe COVID-19. MPV values measured during discharge or
just before death were found to be significantly higher in
patients grouped as non-survivor. At the same time, the
difference between the last MPV and the first arrival MPV
values was significantly higher in the non-survivor group.
They claimed that 1 unit increase in MPV increased mortality 1.76 times[20]. In a study conducted by Lee et al.,[21]
although no significant difference was found between the
mortality and arrival MPV values (p=0.452) of patients, they

concluded that ΔMPV during ICU might be used as a prognostic marker of mortality in ICU patients with pneumoni.
In another study with 82 survivors and 25 non-survivors,
both the admission MPV and last MPV values were higher
on non-survivor group than survivors[22]. In the study performed by Gencay et al.,[23] while the first and last MPV
values were different in the deceased group, there was no
significant difference between the first and last MPV values of the discharged patients were found. In our study, in
accordance with the above-mentioned studies, it was observed that besides the first and last MPV values, the difference and ratio between them were also associated with
mortality.
The pathophysiology of unusually high pathogenicity for
SARS-CoV has not been completely understood. Preliminary studies have shown that increased levels of proinflammatory cytokine in the serum were associated with
pulmonary inflammation and extensive lung damage in
SARS patients[24]. In their study, Fu et al.[25] claimed that
primary inflammation triggered by rapid viral replication
and release of potent proinflammatory cytokines occurs
in the early stages of COVID-19 infection. Huang et al.[26]
in their study reported that patients with COVID-19 requiring ICU admission had higher levels of interleukins. Besides
their effect on inflammation, COVID-19 has been shown to
have effects on the hematopoietic system and hemostasis[27]. Studies pointed out that patients diagnosed with
COVID-19 are susceptible to hypercoagulation and thrombotic events[28]. Microvascular thrombosis has been observed in post-mortem examinations of the patients[28].
As a coagulation parameter, high levels of D-dimer and
prolonged prothrombin time have also been detected in
COVID-19 patients[29]; we thought that, outside of different
mechanisms, inflammatory cytokines might stimulate the
thrombopoiesis which results a release of large and active
platelets that could induce the occurrence of thromboembolism. These changes may explain the increase in MPV values during the hospitalization period with the higher values of MPV and Δ MPV % on non-survivors than discharged
patients.
As far as we can see, although our study is one of the studies with the highest number of patients investigating the
relationship between MPV and COVID-19 in the literature,
we believe it has some limitations. One of the limitations is
the retrospective nature of the study that could be planned
as prospectively. Finally, we did not exclude the chronic diseases that can affect the MPV sizes as diabetes, renal diseases, and hypoxemia.
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In conclusion, we thought that MPV and MPV changes during hospitalization may be a powerful predictor of mortality in patients with COVID-19. We recommend to record
and evaluate the MPV changes for the improvement of patients care.
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