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Mean platelet volume as an effective biomarker
for predicting high-risk patients of hereditary
thrombophilia: A retrospective study
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ABSTRACT

OBJECTIVE: Literature shows evidence of the use of mean platelet volume (MPV) as a biomarker in thromboembolic con-
ditions. It is recommended that genetic testing be performed selectively for hereditary thrombophilia. It might be useful to
determine the priority of patients for genetic testing of hereditary thrombophilia through appropriate methods. We aimed to
investigate the predictive value of MPV for high-risk patients of hereditary thrombophilia.

METHODS: The hematologic (MPV), biochemical (antithrombin III, protein S, protein C), molecular genetic test results (fac-
tor V Leiden [FVL], and prothrombin G20210A [PT]) obtained retrospectively from medical files of 263 patients categorized
into high- versus low-risk for thrombophilia were statistically analyzed and the value of MPV in predicting high-risk patients
was assessed by receiver operating characteristic (ROC) analysis.

RESULTS: The frequencies of high- versus low-risk patients were 45.2% and 54.8%, respectively. Significantly more high-risk
patients (n=81) compared to low-risk patients had FVL (n=66) and PT mutations (n=80 vs. 34) (p<0.001). The MPV values in
high-risk patients (mean=11.1 fl, range=7.8-13.6) were significantly higher than those in the low-risk patients (mean=8.6 fl,
range=6-10.9) (p<0.001). The ROC curve analysis for MPV revealed a statistically significant area under the curve of 0.961 (95%
confidence interval=0.931-0.981) at a cut-off point of 10.1 fl with a sensitivity of 89.1% and a specificity of 91.7% (p<0.001).

CONCLUSION: MPV might be used as an effective biomarker to screen and select patients for genetic thrombophilia testing.
Large multicenter studies are needed for recommending the inclusion of MPV in future guidelines for hereditary thrombophilia.
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hrombophilia, derived from the Greek words

“thrombus” for a blood clot and “philia” for affini-
ty, describes an elevated tendency of blood clotting that
leads to susceptibility to the formation of thrombosis
in the vascular system [1]. Although an accurate esti-
mate of the prevalence of hereditary thrombophilias is
difficult due to the complexity of clinical presentation,
methodological, and technical variations among reports,
an estimate of 0.01%—7% in Caucasians was made based
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on epidemiologic data and established models [2]. Ve-
nous thromboembolic diseases, such as deep vein throm-
bosis (DVT), pulmonary embolism (PE), and venous
thromboembolic events (VTE), are the most common
thromboembolic events. The frequency of DVT and PE
together represents 98% of all cases with VTE [3].

The function of platelets in the complex process of

thrombus formation is essential and they have criti-
cal roles in both the arterial and venous thrombotic
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events. The size of the platelets which is most com-
monly measured as the mean platelet volume (MPV)
is considered a potential reflection of the activity of
platelets, including an increase in reactivity and ag-
gregation and shortened time of bleeding. There is
extensive research on the relationship between MPV
and arterial thrombotic events. Although a significant
impact of larger platelet size on incidence and clinical
severity of thrombotic events has been proposed, there
were conflicting findings in several studies [4-9].

MPYV, an easy to obtain, a cost-effective, and reli-
able parameter is regarded as a convenient biomarker
that can be calculated from routine blood tests 5, 10].
There were different cut-off values of MPV with vari-
able diagnostic power for different clinical situations
(8, 11-14]. Serial measurements of MPV indicating
its trend might be useful in predicting risk of PE in
patients with the first episode of acute proximal DV'T
(13]. Although no solid evidence has been consistent-
ly reported for the diagnostic or prognostic value of
MPYV in thromboembolic conditions, it can be spec-
ulated that it might be a useful tool for the initial es-
timation of thromboembolism risk [10]. In a recent
meta-analysis, results that showed an association be-
tween higher values of MPV and both the occurrence
and related mortality in PE suggested that it could
be used as a predictor that was cheap and easy to test
in clinical practice. The high heterogeneity observed
in the pooling of MPYV, on the other hand, made the
authors who consider that MPV was better used as a
tool for risk stratification that might be involved in the
future guidelines [5].

Based on the available literature on the use of MPV
as a biomarker in thromboembolic conditions and the
recommendations on the conditions for thrombophil-
ia genetic testing, we determined a need for identify-
ing the patients with priority for genetic testing. Thus,
we hypothesized that the MPV would be higher in
patients at high risk for hereditary thrombophilia
and could be used as a biomarker for selecting the
patients for genetic testing. To the best of our knowl-
edge, the literature lacks any studies that explored our
hypothesis in a heterogeneous group of patients with
thromboembolic. Therefore, in this study, we aimed to
investigate the significance of MPV in patients with
hereditary thrombophilia and analyze its predictive
value for identifying high-risk patients for hereditary
thrombophilia.

Highlight key points
e MPV has been considered a valuable biomarker for predict-
ing occurrences of several thromboembolic conditions.

e MPV can be used as an effective biomarker to screen and
select patients with genetic thrombophilia.

e MPV testing may be added to the testing algorithms for he-
reditary thrombophilia in the future.

MATERIALS AND METHODS

Study Design and Patient Population

The patient population in this retrospective study con-
sisted of adults with hereditary thrombophilia who were
admitted to the Department of Hematology, School of
Medicine, Umraniye Training and Research Hospital
between January 2018 and April 2021 for medical man-
agement and follow-up purposes. The study, which was
designed in line with the Declaration of Helsinki and
Ethical Standards, was approved by the Institutional
Ethics Committee (Umraniye Training and Research
Hospital, Date: 19.02.2020, Number: 54132726-000-
4638) which waived the need for signed informed con-
sent due to the retrospective collection of data from ex-
isting medical records in the archives of our hospital.

The data from medical files of patients who were ad-
mitted to our department for thromboembolic events,
such as DVT, PE, and habitual abortion and had a con-
firmed diagnosis of hereditary thrombophilia based on
molecular genetic and biochemical test results were in-
cluded in the study. The patients with an acquired throm-
bophilia etiology and medical files that lacked relevant
data were excluded from the study. Data regarding test
results were only retrieved when they were performed in
our institutional hematology, biochemistry, and molecu-
lar genetics laboratories to minimize procedural bias that
could be introduced during laboratory techniques used
in different settings.

Methodology

The demographic data, consisting of age, gender, and
smoking status obtained from the hospital medical re-
cords of all patients were noted.

The MPYV values that were tested on the admittance
day of all patients were recorded. The laboratory results
of biochemical tests and molecular genetic thrombo-
philia panel recorded were composed of testing for anti-

thrombin III deficiency (AT), protein C deficiency (PC),
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TABLE 1. Comparison of demographic and clinical parameters between low- versus high-risk patient groups

Low-risk group (n=144) High-risk group (n=119) p
Age (years) mean+SD 40.0+11.9 38.2+10.6 0.186
Gender (%)
Male 22.2 23.5 0.917
Female 77.8 76.5
Smoking, yes (%) 41.0 39.5 0.907
Factor V Leiden, yes (%) 45.8 68.1 <0.001
Heterozygote 100.0 51.9 <0.001
Homozygote 0 48.1
Prothrombin G20210A, yes (%) 23.6 68.4 <0.001
Heterozygote 100.0 73.8 0.002
Homozygote 0 26.2
Antithrombin, median (minimum—maximum) 0.3 (0.2-0.4) 0.3 (0.1-0.4) 0.011
Protein C, median (minimum—maximum) 67.0 (24.0-140.0) 68.0 (22.0-165.0) 0.331
Protein S, median (minimum-maximum) 62.0 (17.0-139.0) 65.0 (26.0-147.0) 0.403
MPV, median (minimum-maximum) 8.6 (6.0-10.9) 11.1 (7.8-13.6) <0.001

*: Pearson Chi-square/Fisher’s exact test. Descriptive statistics presented as (%); **: Mann-Whitney U-test. Descriptive statistics presented as median (minimum-maxi-
mum); ***; Independent samples t-test. Descriptive statistics presented as mean+SD. SD: Standard deviation; MPV: Mean platelet volume.

protein S deficiency (PS), factor V Leiden (FVL), and
prothrombin G20210A (PT) mutations as recommend-
ed previously [15, 16].

The patients were grouped into high-risk and low-
risk categories based on the results of tests for hered-
itary thrombophilia in accordance with the guidelines
(16]. The patients who were homozygotes or double
heterozygotes for FVL and/or PT mutations were
categorized into the high-risk group. The heterozygote
carriers of FVL or PT mutations were considered in
the low-risk group.

Statistical Analysis

The high-risk and low-risk group patients were statisti-
cally compared. Statistical analyses were performed using
the Jamovi project (2022), Jamovi (version 2.2.2.5 and
JASP (version 0.16.1) software (retrieved from https://
jasp.stats.org), and MedCalc statistical software trial ver-
sion (MedCalc Software bvba, Ostend, Belgium, http://
www.medcalc.org; 2015). The descriptive statistics with
mean, median, standard deviation, frequency, minimum,
and maximum values were used to describe the categor-
ical and numerical data. Quantitative data were assessed
for normal distribution using the Shapiro—Wilk, Kolm-
ogorov—Smirnov, and Anderson—Datling tests, and

comparisons between groups were performed using the
independent samples t-test, while the Kruskal-Wallis
H-test was used for variables without normal distribu-
tion. Pearson’s Chi-square, Fisher-Freeman-Halton, and
Fisher’s exact tests were used to analyze the categorical
variables with normal distribution, while the Dwass-
Steel-Critchlow-Fligner test was used to analyze the
differences between groups for non-parametric tests.
Receiver operating characteristic (ROC) analysis was
performed for determining the power of MPV value in
predicting the high-risk patients. A p-value below 0.05

was considered as statistically significant.

RESULTS

Demographic and clinical data of 263 eligible patients
with a mean age of 39.2+11.3 years were used in the
study. The majority of patients (n=203, 77.2%) were
female and the male patients constituted only 22.8%
(n=60) of the study population. The rate of smoking
among patients was 40.3% (n=116). The mean values of
AT, PC, and PS were 0.3 g/dl (0.1-0.4), 67% (22%—
165%), and 64% (17—-147), respectively. The mean MPV
value in the studied population was 9.9 fl and ranged be-
tween 6 and 13.6 fl.
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TABLE 2. Receiver operating characteristic analysis for predictive value of mean platelet volume for high-risk patients

AUC Sensitivity

Specificity

Cut-off 95% CI p

MPV 0.961 89.1 91.7

>10.1 0.931-0.981 <0.001

ROC: Receiver operating characteristic; AUC: Area under the ROC curve; MPV: Mean platelet volume; CI: Confidence interval.

Among all the patients in the study, 45.2% (n=119)
were in the high-risk, while the remaining 54.8% (n=144)
were in low-risk groups. No differences in the mean age,
smoking status, and gender distribution were found be-
tween the high- versus low-risk patient groups (p>0.05).
Significantly more patients from high-risk group (n=81,
68.1%) compared to low-risk patients had FVL (n=66,
45.8%) and PT mutations (n=80 vs. 34, 68.4% vs.
23.6%) (p<0.001 for both mutations). The frequencies
of heterozygote FVL and PT mutations in the low-risk
group (100% for both mutations) were significantly high-
er than those in the high-risk group (51.9% and 72.5%,
respectively) (p<0.001 for both). The AT level in high-
risk group (mean=0.3 g/dl, range=0.1-0.4) was signifi-
cantly lower than that in low-risk patients (mean=0.3 g/
dl, range=0.2-0.4) (p=0.011). The values of serum PS
and PC levels did not show any significant differences
between the high- versus low-risk groups (p=0.403 and
p=0.331, respectively). The MPV values in the high-
risk patients (mean=11.1 fl, range=7.8-13.6) were
significantly higher than those in the low-risk patients
(mean=8.6 fl, range=6-10.9) (p<0.001) (Table 1).

When we analyzed the relationships between the
MPV and smoking, FVL, and PT mutations, no statis-
tically significant associations were found. Moreover, no
significant correlations were present between AT levels
and MPV in none of the risk groups (p>0.05 for all).

The ROC curve analysis for MPV revealed a statisti-
cally significant area under the curve of 0.961 (95% con-
fidence interval=0.931-0.981) at a cut-off point of 10.1
fl with a sensitivity of 89.1% and a specificity of 91.7%
(p<0.001) (Table 2 and Fig. 1).

DISCUSSION

To the best of our knowledge, this is the first study that
investigated the value of MPV for predicting the pa-
tients that were at high risk for hereditary thrombo-
philia. The mean value of MPV in low-risk patients
(8.6 fl) was found to be significantly lower than that
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FIGURE 1. ROC curve for predictive value of MPV for high-risk
patients.

ROC: Receiver operating characteristic; MPV: Mean platelet volume.

of the high-risk patients (11.1 fl). ROC analysis re-
sults showed that a cut-off value of 10.1 fl for MPV
was significant in predicting the high risk of hereditary
thrombophilia with an 89.1% sensitivity and a 91.7%
specificity in the study population.

Previous studies reported various cut-off values of
MPV with different diagnostic power in predicting
thrombotic events. A cut-off value of 13.3 fl for MPV
was reported to predict DVT with a 98.1% sensitivi-
ty and 77.6% specificity and an inverse correlation was
found between the MPV and DVT risk [6]. An MPV
lesser than 10.8 fl was found to be related to increased
risks of VTE, DVT, and PE diagnoses in a study con-
ducted on patients admitted to the ER [7]. The mean
MPYV value in recurrent pregnancy loss patients in the
high-risk group (8.7 fl) was found to be significantly
higher than that of the low-risk group (8.1 fl) [17]. Sim-
ilarly, Erdem et al. [18] found that the mean MPV in
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recurrent pregnancy loss patients in the high-risk group
(9.1 fl) was significantly higher than those of the inter-
mediate- (8.7 fl) and low-risk (8.4 fl) groups. A cut-off
value of 7.9 fl for MPV with a sensitivity of 70.6% and a
specificity of 65.7% was found to be significantly higher
in patients with portal vein thrombosis [11]. The predic-
tive cut-off value of MPV for PE was found to be 8.5 fl
with a sensitivity of 80% and a specificity of 60% [12].
Controversially, Sharma et al. (8] found a tendency for
higher MPV values in splanchnic vein thrombosis pa-
tients that did not reach statistical significance levels. A
cut-off value of 9 fl was determined to predict the devel-
opment of pre-eclampsia in a retrospective study [14].
Lipinska et al. [10] found a 9.6 fl cut-off point of MPV
to estimate a probability risk of PE with 69.2% sensi-
tivity and 71.8% specificity. Our results which showed
a mean MPV value of 8.6 fl in low-risk group patients
were similar to the studies by Aynioglu et al. [17] and
Erdem et al. [18]. In the present study, we showed that
MPYV higher than 10.1 fl had sensitivity and specificity
values of 89.1% and 91.7% in predicting the high-risk
thrombophilia. However, the mean MPV value in the
high-risk group of the current study (11.1 fl) was higher
than those reported by Aynioglu et al. [17] and Erdem
et al. [18]. We suspect that the difference in mean MPV
values in the high-risk group of patients between studies
might be due to the heterogeneities of the studies. Hence,
although variances depending on the clinical character-
istics of the patient groups, MPV might be a predictive
factor for thromboembolic events in risky groups.

The etiopathogenesis of thrombophilia broadly con-
sists of inherited and acquired components [19]. The
most commonly detected hereditary thrombophilias
are usually related with genes coding for proteins in the
coagulation cascade [20-24]. In hypercoagulated states
due to hereditary thrombophilia, such as prothrombotic
allele of PTIA2, FVL, FI120210A, 677MTHFR, PLA1/
A2, and 4G/4GPAI-1, a significant platelet activation
was detected secondary to the changes in the surface
roughness and morphology of the platelets [25, 26]. The
close association was observed between higher MPV val-
ues and recurrent pregnancy loss in patients with either
homozygous FVL or PT mutations or was double het-
erozygotes for FVL and PT mutations [17, 18]. On the
contradictory, no effect of thrombophilia mutations on
MPV was found in ischemic stroke patients [27]. Those
findings reinforce the probable association between an
increased MPV value and the presence of an allele carry-
ing a thrombophilic mutation.

Previously, a study from Turkiye, which was similar to
ours in that the researchers included 394 patients with
either venous or arterial thrombosis, reported a mean age
of 45.49+15.08 years with the majority of the patients
(51.3%) female. The frequencies of FVL homozygotes
and heterozygotes in the study were 3% and 17%, re-
spectively [28].In our study, the mean age of the patients
was 39.2411.3 years and females constituted 77.2% of
the patients. The frequencies of FVL heterozygotes and
homozygotes in our study were 73.5% and 26.5%, re-
spectively. Although the study populations in both stud-
ies were heterogeneous with both the arterial and venous
thrombosis cases and differed from most of the studies
in the literature in that regard, in addition to the similar
ethnic background sharing due to the same geography of
the sampled populations, the differences in FVL muta-
tion frequencies could be interpreted as an effect of the
differences in the mean age and gender distribution be-
tween the two studies.

Up to date, most of the studies that investigated the
use of MPV in thromboembolic diseases as a predicting
factor have been focused on the diagnosis and prognosis
of the diseases. For instance, Diaz et al. [29] found evi-
dence that high MPV was an independent risk factor for
mortality after a VTE event. On the contrary, Braester
et al. [3] were not able to demonstrate a significant pre-
dictive value of high MPV in eatly diagnosis of VTE
in patients that presented to the ER. The authors dis-
cussed several reasons for the discrepant results among
similar studies and suggested that the anticoagulant in
the blood sample tubes and the type of the automated
analyzer were as critical as the blood sampling procedure
and the co-existing diseases in the patients. We share the
concerns of Febra and Macedo about all the technical as-
pects of MPV measurement starting from the venipunc-
ture, sampling tube anticoagulant, storage conditions, to
the type of automated analyzer [12].

Hereditary thrombophilia screening should be fo-
cused on after the patient has been comprehensively
evaluated for the prothrombic state. The careful selec-
tion of the patient for genetic thrombophilia testing
was suggested to limit medical costs and the emotional
burden of uncertainties to the patients and act in op-
position to a universal, indiscriminate, and population
screening [1]. As an easy-to-measure and readily avail-
able parameter for clinical detection, MPV has been
considered a valuable biomarker for predicting occur-
rences of several thromboembolic conditions. More-
over, the use of MPV as a risk stratification method for
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enhancing diagnostic accuracy, minimizing early mor-
tality, and comparing various therapeutic approaches
was suggested in a meta-analysis on the significant rela-

tionship between MPV and PE prediction [30].

The association between the increased risk of arte-
rial and VTE and homozygous states of FVL and pro-
thrombin G20210A mutations might be questioned.
Previous animal studies showed that homozygosity of
FVL mutation in mice was a significant factor for the
increased risk of arterial thrombosis and atherosclero-
sis [31]. They thought that non-platelet-derived plasma
FVL led to accelerated thrombosis. Nevertheless, the
effect of MPV on this speculative issue was unclear. In
clinical studies, the heterozygous and homozygous states
of FVL and prothrombin G20210A were not analyzed
as two separate groups [16, 27]. Hence, we have difhicul-
ty to obtain comparative data about MPV in patients
with heterozygous and homozygous states of FVL and
prothrombin G20210A. Prospective studies are needed

to clarify such controversial issues.

In the present study and different from most of the
previous papers, our research did not focus on finding
a direct diagnostic or prognostic relationship between
MPV and thromboembolic diseases. We determined
a need to identify the patients who would benefit from
molecular testing and evaluated MPV values in the
risk-stratified patient population. Our results not only
provided evidence for an association between higher
MPYV values and high-risk hereditary thrombophilia but
also a 10.1 fl cut-off value of MPV that would predict
the existence of high-risk hereditary thrombophilia in a
patient were calculated.

There are several strengths and limitations of the
present study that should be addressed. The retrospec-
tive study design might have caused a bias in selection;
however, the inclusion of patient files was performed
consecutively to minimize that potential bias. Second,
our sample size was small and from a single center, which
might limit the generalizability of the results. It is man-
datory to conduct an external study to validation of our
results. The measurement of MPV, as mentioned fre-
quently in previous literature, has inherent disadvantages
and is non-standardized, so calculating a cut-off point
for MPV in ROC analysis might not be valid for others.
Moreover, no robust analyses of various cut-off values
were conducted to observe potential variations among
them. An accurate interpretation of the current results
would only be done after either universal test standard-

ization or the establishment of conditions for different
methods and automated analyzers used for MPV test-
ing. Nevertheless, in the present study population, the
procedure of testing was sustained as standard for all the
patients in the study population as the laboratory condi-
tions, hematological, biochemical, and molecular genetic
techniques, and procedures were the same starting from
obtaining and storing the samples to the same devices
and automated analyzer used for tests. We are confident
that minimal test requirements for MPV in all patients
were met as emphasized in detail previously [32]. Future
studies, preferably cohorts with a larger sample size that
involves data regarding participant characteristics, such
as surgical/medical history, comorbid conditions, anti-
coagulants used during blood sampling, detection time
of MPV, and automated analyzer specifications, are war-
ranted to verify the results of the present study.

Conclusion

To the best of our knowledge, this is the first report that
revealed a significant relationship between high MPV
values and patients at high risk for hereditary thrombo-
philia, thus we suggest that MPV can be used as an ef-
fective biomarker to scan and select patients for genetic
thrombophilia testing and recommend the addition of
MPYV testing in future guidelines considering the genet-
ic testing algorithms for hereditary thrombophilia. The
current data should be used as preliminary for future and
larger studies.
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