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Abstract: Numerous studies have indicated that mean
platelet volume (MPV) and platelet distribution width
(PDW) were correlated with spontaneous abortion (SAB),
but the results were contradictory. Hence, we performed
a meta-analysis to assess the association of MPV and
PDW with SAB. We systematically searched on China
National Knowledge Internet, PubMed, and Embase up
to May 2022 to retrieve eligible studies. The synthesized
standard mean difference (SMD) with a 95% confidence
interval (CI) was used to evaluate the correlation of MPV
and PDW with SAB. A total of 20 studies were finally
included in thismeta-analysis. Thepooledanalysis results
showed that PDWwasmarkedly increased inpatientswith
SAB versus womenwith a healthy pregnancy (SMD = 1.03;
95% CI: 0.51–1.54; p = 0.0001), while there were no sig-
nificant differences in MPV between women with SAB and
those with healthy pregnancy (SMD = 0.19; 95% CI: −0.26
to 0.65; p = 0.40). Therefore, PDWmay serve as a potential
marker for predicting SAB. However, homogeneous and
multiethnic studieswith larger sample sizes arewarranted
to validate our findings due to several limitations in this
meta-analysis.
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1 Introduction

Spontaneous abortion (SAB) is known to be the most fre-
quent pregnancy complication, affecting approximately

15% of all pregnancies [1]. In particular, approximately
80% of all miscarriages occur in the first trimester. Solid
evidence in the literature indicates that chromosomal
anomalies, endocrine disorders, immunological causes,
anatomic abnormalities, uterine anomalies, and infec-
tious events are important causes of SAB [2–5]. However,
the pathophysiology of spontaneous pregnancy loss is
rather intricate and has never been fully understood [6].
Moreover, there is a lack of effective methods for pre-
dicting spontaneous miscarriage in clinical practice [7,8].

The compatible contact between the placenta and
maternal circulation is a vital determinant for a suc-
cessful pregnancy [9]. Conversely, thrombophilia, under
which the tendency for venous thrombosis largely increases,
has been considered to correlate with pregnancy loss [9,10].
Once microemboli form in the uteroplacental circulation in
pregnant women with thrombophilia, a placental microen-
vironment conducive to fetal development is disturbed,
which causes abnormal nutritional supply and inflamma-
tion, and consequently results inmiscarriage [9–11]. Platelet
activation is a pivotal event during thrombosis, which leads
to the release of a mass of β-thrombo-globulin and soluble
platelet P-selectin, largely increasing the risk of thrombo-
philia [12]. For this reason, β-thrombo-globulin and soluble
platelet P-selectin have been proposed to serve as potential
predictors of spontaneousmiscarriage. However, themea-
surements of the two makers are time-consuming and
expensive, thereby limiting their application in clinical
practice [13]. Thus, it is imperative to identify easily acces-
sible and cost-effective laboratory markers for predicting
spontaneous pregnancy loss.

Mean platelet volume (MPV) and platelet distribution
width (PDW), which are routinely detected in clinical
laboratories, have been determined as parameters of pla-
telet activation [14,15]. Intriguingly, numerous studies
have investigated the association of MPV and PDW with
spontaneous pregnancy loss, but the results were con-
flicting [7,8,13,16–19]. Therefore, herein we further eval-
uated the relationship of MPV and PDW to SAB through a
systematic review and meta-analysis of published litera-
ture, to assess the potential of MPV and PDW as markers
of predicting SAB.
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2 Materials and methods

2.1 Ethical approval and informed consent

The conducted research is not related to either human or
animal use, so ethical approval and informed consent are
unnecessary.

2.2 Search strategy

Two researchers independently conducted the literature
collection by searching PubMed, Embase, and China
National Knowledge Internet up to May 2022. Search
terms included “MPV, PDW or ” and “abortion or miscar-
riage or pregnancy loss.” In addition, the references of
retrieved studies were screened to identify additional eli-
gible studies omitted by electronic search. The detailed
search strategies for each database were presented in
Supplement 1.

2.3 Eligibility criteria

The studies synchronously satisfying the inclusion cri-
teria mentioned below were eligible: (1) had a full-text
organization structure; (2) investigated the association of
MPV or PDW with SAB and reported the mean MPV or
PDW and their corresponding SD in patients and women
with healthy pregnancy; and (3) published in English or
Chinese. For studies with overlapping data, the study
with the larger sample size was selected. In contrast,
studies were excluded if they met any of the following
criteria: (1) they did not assess the association of MPV or
PDW with SAB; (2) they did not provide data about the
mean MPV or PDW and their corresponding SD; or (3)
they were academic dissertations, review articles, edi-
torial articles, meta-analyses, or meeting abstracts.

2.4 Quality assessment

The Newcastle-Ottawa scale (NOS)was applied to appraise
study quality [20]. The NOS covers eight items for observa-
tional studies and is categorized into three dimensions:
selection, comparability and exposure. The “star” rating

system is utilized to grade the methodological quality.
A maximum of four stars are used to rate the selection
dimension, two stars are used to rate the comparability
dimension, and three stars are used to rate the expo-
sure dimension. The total score ranges from 0 (worst) to
9 stars (best), and the quality of each study is assessed as
low (0–3), moderate (4–6), or high (7–9).

2.5 Data extraction

Two researchers extracted the data independently
based on the inclusion criteria. Extracted data were fed
into a collection table and examined by a third author.
Disagreements were removed via discussion. In this meta-
analysis, the extracted data included the study author,
publication year, country, sample size, age of pregnant
women, gestational age, type of abortion, mean MPV
value, mean PDW value, and SD of MPV and PDW.

2.6 Statistical analysis

The statistical analysis was conducted using STATA ver-
sion 12.0 (Stata Corporation, College Station, TX, USA)
and RevMan version 5.3 software. The standard mean
difference (SMD) and its 95% confidence interval (CI)
were utilized to evaluate the pooled MPV and PDW
values. When the SMD was above 0 and the 95% CI did
not cross 0, the MPV or PDW value was considered to be
increased in the SAB group versus the control group.
Otherwise, the combination of SMD <0 and the 95% CI
not crossing 0 indicated a decrease in the MPV or PDW
value in theSABgroupversus thecontrol group.Additionally,
when the 95% CI crossed 0, the MPV or PDW value was con-
sidered to be equal between the two groups. The Cochrane
Q test (χ2) and I2 test were used to assess the statistical hetero-
geneity among the studies. The random-effect model was
selected to calculate the SMD when there was significant
heterogeneity. p < 0.05 was considered to indicate a sta-
tistically significant difference. Subgroup analyses and
meta-regression analyses based on sample size, country,
age of pregnant women, gestational age, and recurrent
miscarriage were carried out to explore the sources of
heterogeneity [21]. Sensitivity analyses were performed
by excluding one study in each step. The Begg funnel
plot and Egger’s test were applied to assess publication
bias [20].
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3 Results

3.1 Study characteristics

Through electronic andmanual searches, we first obtained
77 articles. Then, academic dissertations, duplicate arti-
cles, studies with unmatched themes, studies lacking
data about MPV or PDW, and articles without full text
were excluded; thus, 57 studies were excluded, and 20 stu-
dies were finally included in this meta-analysis [7,8,13,
16–19,22–34]. The flowchart of the study search and selec-
tion process is presented in Figure 1. The publication years
of the included studies ranged from 2013 to 2022. Most of
the studies (n = 14) came from Turkey, and the others were
conducted in China. The sample size of the included stu-
dies ranged from 80 to 2192. A total of 13 studies focused
on recurrent miscarriage. Among the included studies, 18
studies reported MPV measurements, while 14 studies
reported PDW. The methodological quality of the studies
was evaluated by NOS, and the scores ranged from 6 to 7,
implying that the included studies had a relatively accep-
table quality. The detailed information about study char-
acteristics is summarized in Table 1.

3.2 Meta-analysis of the association
between PDW and SAB

Fourteen studies involving 2,076 patients and 2,303 sub-
jects with healthy pregnancy explored the relationship of
PDW with spontaneous miscarriage [13,16–19,22,25–32].

Mean PDW values and SD between patients with mis-
carriage and healthy counterparts were subjected to
meta-analysis. In view of the significant heterogeneity
(I2 = 98.0; p < 0.00001), we used random-effect models to
perform themeta-analysis for PDW. The result of the overall
pooled analysis showed that the PDW level was markedly
increased in the SAB group versus the healthy pregnancy
group (SMD = 1.03; 95% CI: 0.51–1.54 [Figure 2]). Then,
subgroup analyses and meta-regression analyses by
sample size, country, age of pregnant women, gestational
age, and recurrent miscarriage were conducted to the
sources of heterogeneity (Table 2). We found a positive
correlation between PDW level and SAB in the subgroups
of sample size (N > 200 and N ≤ 200), China, age of preg-
nant women (≤30 years), gestational age (<28 weeks), and
recurrent abortion, but not in the other subgroups. Mean-
while, significant heterogeneity was still observed in all
the subgroup analyses. However, the results of meta-
regression analyses suggested that the study country may
be one of the major sources of heterogeneity for the pooled
estimation of the correlation between PDW and SAB.

3.3 Meta-analysis of the association
between MPV and SAB

A total of 18 studies involving 1,953 women with SAB and
1,825 subjects with healthy pregnancy investigated the
association between MPV and SAB [7,8,13,16–19,22–25,
27–31,33,34]. The mean values of MPV and SD between
patients with spontaneous miscarriage and women with
healthy pregnancy were subjected to meta-analysis.
Considering the significant heterogeneity, the random-
effect models (I2 = 97.0%; p < 0.00001) were applied in
the meta-analysis for MPV. The pooled result showed
that there were no significant differences in MPV levels
between patients with SAB and control subjects (SMD =
0.19; 95% CI: −0.26 to 0.65 [Figure 3]). To minimize the
effect of confounding factors on the pooled result and to
investigate the potential sources of heterogeneity, we
conducted subgroup analyses and meta-regression ana-
lyses based on sample size, country, age of pregnant
women, gestational age, and recurrent miscarriage (Table 3).
In general, no significant differences in MPV between
women with SAB and subjects with healthy pregnancies
were found in all the subgroup analyses, except the sub-
group of gestational age (NR). Additionally, significant
heterogeneity still existed in all the subgroup analyses,
indicating that those confounding factors above may not
the major sources of the heterogeneity. Nevertheless, theFigure 1: Flowchart of study search and identification.
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results of meta-regression analyses supported that the
gestational age of SAB may partly explain the heteroge-
neity for the pooled estimation of the correlation between
MPV and SAB.

3.4 Sensitivity analyses and
publication bias

To assess the robustness of meta-analysis, sensitivity
analysis was performed by omitting eligible studies one

by one and then pooling the data of the remaining stu-
dies. The results showed that the overall effect size of
PDW and MPV exhibited no significant alterations with
the exclusion of any study (Figure 4a and b). Addition-
ally, we applied Begg’s funnel plot and Egger’s test to
evaluate the publication bias. As shown in Figure 4c
and d, Begg’s funnel plots for PDW and MPV were sym-
metric, indicating the absence of substantial publication
bias. Furthermore, the p values of Egger’s test for PDW
and MPV were 0.413 and 0.181, respectively, which further
confirmed that no significant publication bias existed in
this meta-analysis.

Figure 2: Meta-analysis of the association between PDW and spontaneous abortion.

Table 2: Subgroup and meta-regression analyses for the correlation of PDW with spontaneous abortion

Stratified study No. of studies Pooled SMD (95% CI) p-value Heterogeneity Regression

I2 (%) p-Value I2 (%) Adj R2 p-value

1 Sample size 96.97 8.99 0.16
N ≤ 165 7 0.352 (0.086–0.619) 0.01 69.6 <0.01
N > 165 7 1.003 (0.375–1.631) <0.01 98.4 <0.01

2 Country 95.23 38.75 0.012
China 5 1.388 (0.661–2.116) <0.01 97.6 <0.01
Turkey 9 0.302 (−0.027 to 0.631) 0.072 90.4 <0.01

3 Age 97.35 −1.29 0.374
>30 years 5 0.42 (−0.112 to 0.953) 0.122 95.9 <0.01
≤30 years 9 0.845 (0.155 to 1.535) 0.016 97.7 <0.01

4 Gestational age 96.23 13.17 0.119
<13 weeks 4 0.296 (−0.313 to 0.906) 0.34 92.7 <0.01
<20 weeks 4 0.472 (−0.092 to 1.036) 0.101 92.6 <0.01
<28 weeks 3 1.012 (0.562 to 1.461) <0.01 91.8 <0.01
NA 3 1.162 (−0.731 to 3.055) 0.229 98.9 <0.01

5 Recurrent abortion 96.43 2.52 0.279
Yes 10 0.85 (0.37–1.329) <0.01 96.8 <0.01
NR 4 0.295 (−0.301 to –0.891) 0.332 94.7 <0.01

NR: not report.
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4 Discussion

Pregnancy loss represents a serious reproductive health
problem, which brings huge emotional and physical damage
to thousands of families [35]. The etiology of spontaneous
pregnancy loss is multifactorial and remains largely
unknown, and there is a lack of an effective method
of predicting miscarriage in clinical practice [35]. A
growing number of studies have found that PDW and

MPV, two simple, easily measurable, and cost-effective
parameters, were markedly increased in women with SAB
versus in counterparts with healthy pregnancies, sug-
gesting that they may serve as tools to predict sponta-
neous miscarriage [13,17,22]. However, some conflicting
results on this topic were also reported [7,8,16,25,31].
Therefore, the association of PDW and MPV with sponta-
neous pregnancy loss should be further assessed. To our
best knowledge, this study is the first systematic review

Figure 3: Meta-analysis of the association between MPV and spontaneous abortion.

Table 3: Subgroup and meta-regression analyses for the correlation of MPV with spontaneous abortion

Stratified study No. of studies Pooled SMD (95% CI) p-Value Heterogeneity Regression

I2 (%) p-Value I2 (%) Adj R2 p-value

1 Sample size 96.98 −6.14 0.839
N＞200 9 0.164 (−0.427 to 0.755) 0.586 98.3 <0.01
N ≤ 200 9 0.238 (−0.104 to 0.579) 0.173 97.8 <0.01

2 Country 96.66 −0.48 0.354
China 4 0.527 (−0.31 to 1.364) 0.217 96.9 <0.01
Turkey 14 0.108 (−0.293 to 0.509) 0.598 96.6 <0.01

3 Age 96.47 8.94 0.128
>30 years 8 −0.111 (−0.51 to 0.288) 0.586 94.7 <0.01
≤30 years 10 0.452 (−0.114 to 1.018) 0.117 97.2 <0.01

4 Gestational age 95.23 30.17 0.013
<13 weeks 7 −0.178 (−0.668 to 0.312) 0.476 95.6 <0.01
<20 weeks 5 0.111 (−0.342 to 0.564) 0.631 92 <0.01
<28 weeks 2 0.031 (−0.675 to 0.736) 0.932 92 <0.01
NR 4 1.039 (0.246–1.833) 0.01 96 <0.01

5 Recurrent abortion 96.14 16.87 0.054
Yes 11 0.479 (−0.009 to 0.967) 0.054 96.4 <0.01
NR 7 −0.231 (−0.68 to 0.219) 0.315 95.7 <0.01

NR: not report.
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and meta-analysis to comprehensively evaluate the rela-
tionship of PDW and MPV to spontaneous miscarriage.
We found that PDW value was much higher in patients
with SAB than that in women with normal pregnancy
(SMD = 1.03; 95% CI: 0.51–1.54; p = 0.0001), whereas
there were no significant differences in MPV value (SMD =
0.19; 95% CI: −0.26 to 0.65; p = 0.40).

The concentrations of coagulation factors are often
altered during pregnancy, leading to a state of hypercoa-
gulation [36]. Moreover, platelet activity is also increased
in pregnant women, and activated platelets are capable
of producing a rich number of prothrombotic meditators,
such as thromboxane A2, serotonin, P-selectin, and gly-
coprotein, thereby contributing to hypercoagulatory state
[37]. This prothrombotic state will bring about uteropla-
cental vascular thrombosis, which is a major cause of
pregnancy loss [38]. PDW, a parameter for describing
the variation in platelet size, has been determined as
a specific marker of platelet activation [25]. For these
reasons, many studies have been performed to explore
the association of PDW with spontaneous miscarriage.
Some studies showed that the PDW value was much
higher in women with SAB than in subjects with healthy

pregnancies, indicating the potential of PDW as a marker
of predicting pregnancy loss [13,26,28,31,32]. However,
other studies reported no significant relationship between
PDW and spontaneous miscarriage [19,22,25,27]. The con-
flicting results may be partly caused by the limited sample
size of those individual studies. To remove this influence,
we carried out a meta-analysis of the literature studies on
this topic. Consistent with some previous research articles
[13,26,28,31,32], our overall pooled analysis found a higher
PDW value in women with spontaneous miscarriage com-
pared to those with healthy pregnancies. There was signifi-
cant heterogeneity across the included studies referring to
PDW, which may challenge the validity of our meta-ana-
lysis. Hence, to account for the heterogeneity, we performed
the subgroup analyses based on sample size, country, bio-
logical age, gestational age, andmiscarriage type. However,
substantial heterogeneity still existed in each subgroup,
suggesting that these factors might not be themajor sources
of heterogeneity. Additionally, PDW values were signifi-
cantly higher in patients with spontaneous miscarriage
versus in women with healthy pregnancy in subgroups of
sample size (N > 200 and N ≤ 200), China, biological age
(≤30 year), gestational age (<28 week), but not in the other

Figure 4: Sensitivity analysis for (a) PDW and (b) MPV; funnel plot describing publication bias of (c) PDW and (d) MPV.
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subgroups. The limitation of case numbers in individual
subgroupsmay be partly responsible for these contradictory
results. Of note, our sensitivity analysis showed that the
overall estimation of PDW did not substantially alter with
a single study sequentially excluded, and no evident pub-
lication bias for studies referring to PDW was identified,
which suggested the validity of our meta-analysis to a
degree. In addition to the hypercoagulation state, an exces-
sive maternal inflammatory response is another crucial
cause of spontaneous pregnancy loss [17]. The platelets in
activated form can also promote inflammatory response
through releasing small molecular meditators that activate
other immune cells, notwithstanding their major functions
are hemostasis and coagulation [39]. Remarkably, PDW has
been identified as a systemic inflammatory marker, and its
value is positively correlated with the activity of many
inflammatory diseases [25,39]. Hence, the correlation between
PDW and systematic inflammation may also explain the
finding of our meta-analysis at least partly.

MPV is a parameter of evaluating platelet size and
has also been identified as a marker of platelet activation
[40] and systematic inflammation [39]. A large number of
studies have demonstrated that incremental MPV level
was associated with a higher risk of venous thromboem-
bolism in the context of multiple diseases [41,42]. Mean-
while, MPV level was found to be elevated in various
inflammatory disorders and positively correlate with the
activity and severity of diseases [43–46]. Furthermore,
many research studies have also been conducted to
investigate the relationship between MPV and sponta-
neous miscarriage. However, the results on this topic
were conflicting. For example, Akin et al. [22] suggested
that a higher MPV value was correlated with spontaneous
pregnancy loss, whereas Uysal et al. [19] found no sig-
nificant association between MPV and SAB, and Bas et al.
[24] and Ata et al. [7] even reported that there was an
inverse link between MPV value and pregnancy loss. In
this study, our overall pooled analysis demonstrated that
there were no significant differences in MPV between
women with spontaneous miscarriage and subjects with
healthy pregnancies. To minimize the influence of con-
founding factors on the pooled estimation and interpret
the heterogeneity, we further conducted subgroup ana-
lyses by sample size, country, biological age, gestational
age, and miscarriage type. In accordance with the overall
pooled estimation, all the subgroup analyses showed that
MPV values were similar in patients with SAB and women
with healthy pregnancies. In addition, sensitivity ana-
lysis by omitting a single study in each step showed
that the combined analysis of the correlation between
MPV and spontaneous miscarriage was stable. Moreover,

Begg’s and Egger’s tests detected no significant publica-
tion bias across included studies reporting MPV. Overall,
these results supported that our meta-analysis of the
association between MPV and spontaneous pregnancy
loss was reliable and robust. Superficially, the results
contradicted the potential of MPV as a marker of platelet
activation and systematic inflammation. In fact, MPV
values may be influenced by multiple factors in women
with pregnancy loss. MPV can be directly affected by
platelet distension [47], under which condition an incre-
ment in MPV value may be detected, though platelet
activation does not exist. Meanwhile, it has been revealed
that activated platelets with larger volumes can migrate
to the region in early gestational periods [7,13], conse-
quently leading to a decreased MPV level in the circula-
tion of women with pregnancy loss. When these factors
that can influence MPV value coexist in pregnant women,
the measured value of MPV may depend on which factor
plays the major role and fail to truly reflect the platelet
activity. Therefore, MPV alone may not be reliable for
predicting pregnancy loss, although it correlates with
platelet activation. Of note, it has been proposed that
the combination of PDW and MPV could reflect the acti-
vation of coagulation more accurately. In the future, it
will be of interest to explore the potential of the combina-
tion of PDW and MPV in predicting spontaneous preg-
nancy loss.

There are several limitations in our meta-analysis, so
the results should be interpreted cautiously. First of all,
the clinical heterogeneity among the included studies
exists in this meta-analysis, such as definitions of spon-
taneous miscarriage, age of patients and control subjects,
gestational age, thromboembolism-precipitating risk,methods
of measuring PDW and MPV, and testing time. Thus, it is
hard to exclude the possibility that the pooled results could
be biased by heterogenic factors. Second, all of the included
studies collected data with the retrospective method, which
may be accompanied by a high risk of selection bias. Third,
this study only compared the levels of PDWbetweenwomen
with pregnancy loss and healthy subjects, while the cut-off
values of high PDW levels were not determined due to the
unavailability of relevant data in the included studies. This
drawback makes it difficult to use PDW as a clinical tool to
predict spontaneous pregnancy loss. Fourth, publication
bias might exist since only studies published in English
andChinesewere considered in thismeta-analysis, notwith-
standing the funnel plot and Egger’s test indicating no evi-
dent publication bias. Fifth, all the included studies only
enrolled Chinese or Turks, so it is arbitrary to generalize
our conclusion to other ethnicities. Last but not least, trial
sequential analysis (TSA) can help to evaluate whether the
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least sample size required for obtaining a stable and robust
conclusion is enough [48].Ofnote,TSA is just suitable for the
meta-analysis of studies that assesses the causal correlation
of the risk factors with outcomes using relative risk (RR) and
odds risk (OR)with 95%CIs. However, in thismeta-analysis,
we only compared the values of PDW and MPV between
patients with SAB and subjects with a healthy pregnancy,
and theORandRR for evaluating the correlation of PDWand
MPV with spontaneous miscarriage between PDW were not
reported in the included studies. Therefore, TSAcouldnot be
performed in the present study.

5 Conclusion

In summary, PDW was markedly increased in patients
with SAB versus women with healthy pregnancies, while
there were no significant differences in MPV between
patients with SAB and women with healthy pregnancies.
Therefore, PDW may be used as a potential marker for
predicting SAB. However, homogeneous and multiethnic
studies with larger sample sizes are warranted to validate
our findings due to several limitations in this meta-
analysis.
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