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Clinical value of mean platelet
volume Iin predicting and
diagnosing pre-eclampsia:

a systematic review and
meta-analysis

Dan Ye', Shuwen Li°, Yi Ding’, Zhengin Ma' and Rongxia He**

The Second Clinical Medical College, Lanzhou University, Lanzhou, China, 2Department of Obstetrics,
Lanzhou University Second Hospital, Lanzhou, China

Background: Pre-eclampsia (PE) is a severe pregnancy complication.
Thrombocytopenia and platelet dysfunction are common hematology disorders
in PE. Previous studies considered mean platelet volume (MPV), a functional
marker of platelets, as a potentially useful predictor for the diagnosis of PE.
Methods: PubMed, China Biomedical Literature Database, Chinese National
Knowledge Infrastructure, Embase, Wanfang, VIP, and Cochrane Library
databases were searched to gather diagnostic trials evaluating the diagnosis of
PE using MPV, from their inception to 13 March 2023. We also searched Google
Scholar and Baidu.

Results: A total of 22 studies from 20 articles were found. The pooled diagnostic
accuracy of the MPV for PE recognition was as follows: sensitivity (SEN) 0.676 [95%
confidence interval (Cl) (0.658-0.694)], specificity (SPE) 0.710 [95% CI (0.703-
0.717)], and diagnostic odds ratio (DOR) 7.012 [95% CI (4.226-11.636)], and the
SROC-AUC and Q* indices were 0.7889 and 0.7262, respectively. The pooled
SEN, SPE, and DOR of the diagnostic accuracy of MPV for PE before 16 weeks
of gestation were 0.707 [95% Cl (0.670-0.743)], 0.639 [95% CI (0.611-0.667)],
and 4.026 [95% CI (2.727-5.943)], and the SROC-AUC and Q* indices were
0.7278 and 0.6753, respectively. For the interval of truncation values between
9 and 10 fl, the SROC-AUC and Q* indices for MPV were 0.8856 and 0.8162,
respectively.

Conclusions: Available evidence suggests that MPV has a moderate predictive and
diagnostic value for PE, particularly in diagnosing after 20 weeks of gestation. The
diagnostic accuracy is higher when the MPV cut-off falls between 9 and 10 fl. The
sensitivity of MPV alone in diagnosing PE is not high, and the combination of other
markers for predictive diagnosis may better differentiate PE.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_
record.php?ID=CRD42023425154, identifier: CRD42023425154.
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mean platelet volume, prevention, diagnosis, pre-eclampsia, meta-analysis

1. Introduction

Maternal mortality is a serious global problem. In 2019, WHO (World Health
Organization) reported that almost 95% of maternal deaths occur in low- and lower-
middle-income countries, in which pre-eclampsia (PE) and eclampsia are important
causes (1). Each year, more than 500,000 fetal and neonatal deaths and more than 70,000
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maternal deaths occur worldwide because of PE (2). PE manifests
primarily as a progressive pregnancy disorder with new-onset
hypertension occurring after 20 weeks of gestation with the
simultaneous involvement of multiple organ systems (3, 4).
Clinical studies have confirmed that PE increases the risk of
developing chronic diseases in later life, including cardiovascular
complications (5, 6), renal disease (7), and neurological disorders
(8). At the
neurodevelopmental problems (9) and congenital heart disease
(10).

The etiology of PE is unclear, and its pathophysiological

same time, PE is associated with neonatal

mechanisms are associated with placental hypoperfusion,
endothelial dysfunction, oxidative stress, inflammation, and
immune abnormalities (4). Pregnancy changes the maternal
hemostatic—fibrinolytic system, shifting the equilibrium toward a
hypercoagulable state. However, PE exacerbates this change
process (11, 12). Endothelial cell dysfunction leading to
vasoconstriction and platelet adhesion aggregation, triggering
coagulation, increased platelet activation leading to increased
platelet subsequent stimulation of the

inflammatory response are key pathogenic steps in PE, causing

consumption, and

thrombocytopenia, a prevalent hematological abnormality in PE
(13-15).

Mean platelet volume (MPV), a platelet-related index, is a
marker of platelet size, function, and activation. During platelet
activation, the number and size of pseudopods will increase,
while platelet depletion leads to the release of new and larger
platelets, resulting in an increment in MPV (16, 17). MPV is a
non-invasive biomarker. Compared with other plasma or serum-
based biomarkers and various imaging modalities for prediction,
MPV allows the use of complete blood count (CBC) tests in
limited healthcare resources, which is simpler and less costly,
reducing the healthcare burden on pregnant women in low- and
middle-income areas. It is demonstrated that MPV can be used
as a predictor of the severity and prognosis of cardiovascular
disease (18, 19) and infectious diseases (20), while increased
MPV is associated with the occurrence and severity of gestational
diabetes (21) and intrahepatic cholestasis (22).

Drugs that significantly slow the progression of PE have not
been identified, and the only option to prevent the disease is to
deliver the fetus and placenta. Aspirin is the only preventive
medication for PE strongly supported by research evidence (23).
National guidelines recommend that women with high-risk
factors can start taking aspirin before 16 weeks of gestation
(24-26).

Aspirin operates by regulating vascular homeostasis and
platelet function (26). Therefore, understanding the variation in
MPV and its associated predictive value in PE is increasingly
crucial. Predicting PE in early gestation, identifying women most
suitable for aspirin prophylaxis, and eliminating the short- or
long-term adverse consequences caused by PE remain a
challenge, especially when considering the conditions of scarce
medical resources in low- and middle-income areas. Evidence
from cohort studies and meta-analyses indicates that PE is
and MPV, an
important parameter of platelet activation, is elevated in PE

associated with elevated platelet function,
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(14-16, 27, 28). Further evaluation is needed to determine
whether MPV can be used as a marker for the early diagnosis of
PE. This meta-analysis aims to initially accumulate the available
literature to assess the diagnostic efficacy of MPV as a predictive
and diagnostic marker for PE.

2. Methods

This meta-analysis was based on the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(29), and registration was completed with PROSPERO
(CRD42023425154). We included diagnostic trials to investigate
the predictive and diagnostic value of MPV for PE in pregnant
women across all trimesters.

2.1. Search strategy

Two authors (DY and SL) independently performed the
database search. The PubMed, Cochrane Library, Embase,
Chinese National Knowledge Infrastructure (CNKI), Wanfang,
China Biomedical Literature Database (CBM), and VIP databases
were searched to gather publicly published articles from the
establishment of the database to 13 March 2023. In addition,
Google Scholar, Baidu, and the references of the included
literature were also searched to supplement access to relevant
literature. Ages, races, gestational weeks, and languages were not
limited in the selection process. A medical subject headings
(MeSH) thesaurus in conjunction with free word, in combination
with Boolean operators (e.g., “OR” or “AND”), was used. The
search terms included Mean Platelet Volume, Mean Platelet
Volumes, Platelet Volume, Mean, Volume, Mean Platelet, MPV,
blood
Pregnancy-Induced,

indices, Pre-Eclampsia, Preeclampsia Hypertension,

hypertensive  disorder ~ complicating
pregnancy, HDCP, gestational hypertension, PE, Hypertension,
Pregnancy-Induced, etc. Supplementary Figure S1 shows a
sample detailed search strategy for PubMed. Any discrepancies in
the literature search were referred to a third party (RH) for

resolution.

2.2. Literature screening and data extraction

The titles of the articles were read first. After excluding
irrelevant literature, the abstract and full text were read to
determine inclusion. If necessary, the authors of the original
studies were contacted via email and telephone to obtain
information not determined but essential for our review.

The inclusion criteria included (1) the diagnostic test for PE;
(2) the index test of MPV; (3) guidelines (30, 31, 32), obstetrics
and gynecology (33), and clinical diagnostic criteria as the
reference standard; and (4) calculation of true positives (TP),
false positives (FP), false negatives (FN), and true negatives (TN).

The exclusion criteria included (1) reviews, case reports, letters,
conference abstracts, and editorials; (2) non-human studies; (3)
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unavailable critical information; (4) case or control group sample
size less than 10; and (5) duplicate publications.

The data extracted included information on the first author,
year of publication, study region, reference standard, study type,
gestational week at sampling, sample size, sample source, MPV
measurement method, MPV level, MPV cut-off, and TP, TN, FP,
FN data. Two investigators (DY and SL) independently screened,
extracted, and cross-checked the literature. Disagreements were
resolved through discussion or consultation with a third party.

2.3. Quality assessment

The risk of bias was evaluated using RevMan 5.3 software. Two
investigators (DY and YD) assessed the risk of bias by employing
the Quality Assessment of Diagnostic Accuracy Studies 2
(QUADAS-2)
disagreement was submitted to a third party for negotiation.

tool and cross-checked the results. Any

2.4. Statistical analysis

This meta-analysis was performed utilizing RevMan 5.3, Meta
Disc 1.4, and Stata 16.0 software. Heterogeneity among the studies
was analyzed using the x> test (test level o= 0.1), combined with
the I* value to determine the magnitude of heterogeneity
quantificationally. The I? values of 25%, 50%, and 75% were
considered low, medium, and high heterogeneities, respectively. If
there was no statistical heterogeneity among the findings, a fixed
effect model was used. If statistical heterogeneity was observed,
the source of heterogeneity was analyzed, the effect of obvious
clinical heterogeneities was excluded, and a random effect model
was further applied to the meta-analysis.

The diagnostic value of MPV was calculated, including the
pooled sensitivity (SEN), specificity (SPE), negative likelihood
ratio (—LR), positive likelihood ratio (+LR), diagnostic odds ratio
(DOR),
characteristic curve (SROC-AUC). Heterogeneity was categorized
into threshold and non-threshold effects, and non-threshold
effects were investigated using subgroup analysis. Spearman

and area under the summary receiver operating

correlation analysis was employed to check for threshold effects,
suggesting no threshold effect if P>0.05 and heterogeneity
because of threshold effect if P<0.05. SEN analyses were
conducted to estimate the effect of each study on the pooled
measures. Publication bias was assessed by the funnel plot.
P <0.05 was considered statistically significant.

3. Results
3.1. Study selection

The works of literature were selected according to the PRISMA
diagram. All literature that met the criteria up to 13 March 2023

was included, with a total of 1,036. After removing duplicates, a
sum of 528 studies remained to be screened.
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After reading the title or abstract, 455 articles were excluded for
not satisfying the inclusion criteria. A total of 49 articles were
excluded because the data of the four-compartment table for
diagnosing PE by MPV were inaccessible after reading the full
text. The full texts of four articles were unavailable. Finally, a
total of 20 literature studies (27, 34-52), including 22 studies,
were employed in the analysis. Figure 1 shows the screening flow
chart.

3.2. Study characteristics

This systematic review included 20 publications containing 22
studies. A total of 2,637 cases of PE and 17,500 cases of control
were included. Among the 20 literature studies included, seven
were performed in China (34, 37-39, 42, 44, 49), five in Turkey
(36, 46, 47, 50, 52), two in Ethiopia (35, 41), two in Egypt
(43, 48), and four in India (40), Korea (27), Belgium (45), and
Iran (51), respectively. Table 1 shows the basic characteristics of
the included studies.

3.3. Quality assessment

Figure 2 summarizes the QUADAS-2 quality evaluation of the
20 publications included. 14 studies had (unclear) risk of bias in
patient selection, which was due to the lack of (not explicitly
reported) whether all females tested by MPV were consecutively
or randomly entered, the study applied a case-control design, or
was not clearly reported. The bias in the index test and reference
standard were attributed to the unclear timing of the MPV
threshold setting and the lack of reporting on the use of
blinding. The results indicated that the quality of the identified
studies was generally satisfactory (Figure 2). In addition, SEN
analyses were performed to estimate the impact of each study on
the overall, omitting one study at a time, and no outliers were
found (Supplementary Figure S2).

3.4. Meta-analysis

The Spearman correlation analysis of 22 studies within 20
literature sources used the SEN logarithm with the (1-SPE)
logarithm, with a value of 0.178, P=0.428. The I’ statistics value
for SEN and SPE of the pooled studies were 96.6% and 98.2%,
respectively, indicating heterogeneity from non-threshold effects.

By performing a meta-analysis using the random effect model,
the overall diagnostic accuracy of MPV for PE was as follows: SEN
was 0.707 [95% confidence interval (CI) (0.670-0.743)], SPE was
0.639 [95% CI (0.611-0.667)], +LR was 1.844 [95% CI (1.389-
2.447)], —LR was 0.533 [95% CI (0.466-0.610)], and DOR was
4.026 [95% CI (2.727-5.943)] (Figures 3A-E). Figure 3F shows
the SROC curve for the diagnostic accuracy of MPV for PE.
Based on the SROC, AUC, and Q* indices, the diagnostic
accuracy was calculated, and the outcomes showed that the AUC
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FIGURE 1
Selection flow chart.

and Q* indices were 0.7889 [standard error (SE) of 0.0300] and
0.7262 (SE of 0.0258).

Studies that sampled MPV measurements before 16 weeks of
gestation were selected from 22 studies for the meta-analysis.
Seven studies (34, 36, 40, 46, 49, 50, 51) were entered, showing a
pooled SEN of 0.707 [95% CI (0.670-0.743)], SPE of 0.639 [95%
CI (0.611-0.667)], +LR of 1.844 [95% CI (1.389-2.447)], —LR of
0.533 [95% CI (0.466-0.610)], DOR of 4.026 [95% CI (2.727-
5.943)], SROC-AUC of 0.7278 (SE of 0.0294), and Q* indices of
0.6753 (SE of 0.0239).

The cut-off values for MPV in the included literature
studies were categorized for analysis. Seven studies (34, 45-47,
49, 52) used the 8-9 fl range as the cut-off, five studies (39, 41,
27, 43, 48) used the 9-10 fl range, eight studies (36-38, 40, 42,
44, 50, 51) used the 10-111l range, and two studies used the
11-12 11 (51) and >121]l (35) ranges as the cut-off, respectively.
Since only two reports had a cut-off value of 11-12 and >121l,
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the SROC analysis was performed for studies with a cut-off
range of 8-9, 9-10, or 10-11 fl.

In the cut-off range of 8-9 fl for MPV, the pooled SEN, SPE,
AUC, and Q* indices for the diagnosis of PE were 0.734 [95% CI
(0.700-0.766)], 0.663 [95% CI (0.647-0.680)], 0.7363, and 0.6822,
respectively. The pooled SEN, SPE, AUC, and Q* indices for the
9-10 fl range were 0.653 [95% CI (0.623-0.683)], 0.718 [95% CI
(0.710-0.726)], 0.8856, and 08162. In 10-11fl, the pooled SEN
was 0.644 [95% CI (0.610-0.677)], SPE was 0.706 [95% CI
(0.681-0.729)], AUC was 0.7623, and Q* index was 0.7037.

3.5. Subgroup analysis
To examine the heterogeneity of the 22 studies identified, six

subgroups were distinguished. The diagnostic accuracy was
similar between study areas and sample sizes, with significant

frontiersin.org
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FIGURE 2
Quality assessment result of the meta-analysis (QUADAS-2).

differences between gestational week at sampling, cut-off,
reference standard, and study design, as detailed in Table 2.
(i) In the group of gestational weeks at sampling, the
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diagnostic accuracy of MPV for PE after 20 weeks of gestation
[DOR =8.661, 95% CI (4.156-18.048)] was higher than the
predictive value before 20 weeks of gestation [DOR =5.165,
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Forest plots of diagnostic performance of MPV for PE: (A) sensitivity, (B) specificity, (C) negative likelihood ratio, (D) positive likelihood ratio, (E) DOR, and
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95% CI (2.582-10.332)] (Supplementary Figures S3, S4). (ii)
Compared with the seven studies employing MPV <9 fl as the
cut-off [DOR = 4.021, 95% CI (2.034-7.951), AUC (SE) = 0.7363
(0.0543)], the 15 studies with MPV cut-off >9fl had a
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DOR =9.129, 95% CI (4.614-18.059) along with an AUC (SE)
=0.8421 (0.0294), showing a better overall accuracy, suggesting
that the capacity to distinguish between pregnant women with
PE is stronger when the cut-off is >9 fl than when the MPV <
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Deek’s funnel plots.
the severity of the disease increases (52, 55, 56). However, the  study. The Spearman correlation analysis implied that

diagnostic utility of MPV has been inconclusive. Our study is the
first systematic review to explore the diagnostic value of MPV in
PE. Based on a large number of original studies, including a
sample of 2,637 patients with PE, the results of the meta-analysis
revealed an acceptable SEN and moderate SPE, while the AUC
and Q* indices were 0.7889 and 0.7262, which indicated that
MPYV has a certain diagnostic value for PE.

Based on recommendations on using aspirin to prevent PE,
predicting PE before 16 weeks of gestation or even earlier and
screening pregnancies at high risk of PE should be focused. A
large sample of studies hinted that MPV has the potential to
predict PE before the onset of the disease (57). Our review
analyzed the predictive value of MPV for PE before 16 weeks of
gestation, showing that MPV has moderate predictive power for
PE in early pregnancy.

As different cut-off ranges were used to diagnose PE using MPV
in our selected studies, this study analyzed the cut-off in various
sections, proposing to ascertain the cut-off with the greatest
diagnostic value. Results showed that SEN, SPE, AUC, and Q*
indices for PE diagnosis were higher when the cut-off of MPV was
in the range of 9-10 fl compared with other intervals. Three of the
five studies in that range were around 9.5 fl. We infer that an
optimal cut-off for the diagnostic accuracy of MPV for PE is 9.5 fl.

For the quality of the study, a large portion of the included
literature studies used a case—control design, so selection bias
cannot be eliminated. In addition, as the use of blinding is not
adequately reported, the potential bias in the index test should be
evaluated.

Heterogeneity is a potential problem for almost every meta-
analysis, as its presence may partially reduce the stability of the
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heterogeneity in our review was attributable to non-threshold
effects, so we conducted subgroup analyses of all 22 studies to
explore the sources of heterogeneity. According to the original
inclusion and exclusion criteria, no particular population was
excluded because of limitations in the number of studies. Based
on the diagnostic criteria for PE, we divided the groups using a
threshold of 20 weeks of gestation. The subgroup analysis
showed a superior diagnostic value of MPV for PE when
sampled at >20 weeks of gestation, MPV > 9 fl, using the clinical
criteria as the reference standard and prospective design. Since
the original study did not report information on ethnicity, race,
education, economic status, treatment or not before enrollment,
and other factors that might influence the diagnostic value of
MPV for PE, these variables were not analyzed. In future studies,
considering the impact of these risk factors on the diagnostic
value of MPV may define the most appropriate diagnostic range
for MPV. There was no publication bias among the enrolled
studies.

Based on clinical features, PE can be classified into non-severe
and severe. A prospective cohort study testing MPV at 24 weeks of
gestation revealed an excellent predictive accuracy for mild PE,
with outcomes suggesting a SEN of 0.78, SPE of 1.0, and AUC of
0.936 when MPV >9.7 1l (58). As for the diagnostic value of
MPV for severe PE, the study by Freitas et al. (59) in late
pregnancy indicated a SEN and SPE of 0.5172 and 0.8276,
respectively, with an AUC of 0.72, which did not accurately
screen for severe PE. When the MPV was used to differentiate
the severity of PE, it had a SEN of 0.875 and a SPE of 0.853,
implying that it could distinguish disease severity better (60).
However, the ability of MPV to differentiate the severity of PE
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could not be analyzed using the systematic review approach
because of the limited number of studies. Furthermore, the
limited number of studies dividing PE into early-onset and late-
onset makes it impossible to obtain data on the diagnostic value
of MPV in these two clinical subtypes.

Currently, CBC has been emphasized in studies for the
forecasting and detection of PE because of its simplicity; however,
its availability still requires exploration. A systematic review by
Walle et al. (16) showed that platelet count (PC) was dramatically
decreased in PE. A recent comparative cross-sectional study (61)
showed that PC has a strong diagnostic value for pregnancy-
induced hypertension (PTH), with a SEN of 96.7%, SPE of 90%,
and AUC of 0.995. Meanwhile, its AUC for distinguishing
between severe and mild PIH was 0.947, which implies that PC is
valuable for predicting the development of PIH and determining
its severity. As a helpful marker of systemic inflammatory
response, red cell distribution width (RDW) had markedly higher
levels in PE and was notably higher in SPE than MPE (62). A
prospective case—control study by Sachan et al. (63) revealed that
the RDW had a SEN of 85.3%, SPE of 49.0%, and AUC of 0.751
in differentiating healthy normotensive pregnant women from
non-severe PE. The neutrophil-to-lymphocyte ratio (NLR) is an
inflammation-related indicator that can be calculated from the
CBC. A meta-analysis reported that NLR is elevated in PE,
especially in SPE, with an AUC of 0.82 (64, 65). Similar to NLR,
the (PLR)
predictive of PE, with a meta-analysis showing that PLR declines
with PE severity and has an AUC of 0.7296 for the diagnosis
(66). The above laboratory indices, together with MPV, are
derived from CBC, and all indices have acceptable individual

platelet-to-lymphocyte ratio is also potentially

diagnostic values for PE, However, clinical studies on the
predictive ability of PE are scarce. More high-quality studies are
needed for validation.

The limitations of our study include the following: (i) Most of
the included studies were diagnosed with confirmed cases and
hospital populations, which may produce selective bias for
specific regions, ethnicities, languages, or populations. (ii) There
was a large heterogeneity between studies; however, our study
only analyzed six aspects in subgroups, while differences in
ethnicity, race, severity of disease, treatment or not before
enrollment, type of instrumentation, and source of reagents may
also have contributed to the heterogeneity, but an in-depth
analysis was not conducted because of the limitations of the
number of studies. (iii) The categories of PE were not
differentiated for assessing the diagnostic value.

Our findings support that MPV is a promising biomarker with
a good predictive diagnostic value for PE, especially after 20 weeks
of gestation. Thus, in the absence of specific laboratory tests, MPV
may be used as a predictive diagnostic tool for PE and as an adjunct
to the management of PE by administering aspirin to prevent the
onset of PE, pumped magnesium sulfate to prevent convulsions,
anti-hypertensive medication to decrease blood pressure, and
timely intervention for premature delivery. However, to fully
elucidate its application in clinical practice and accurately
evaluate the role of MPV in early pregnancy, larger prospective,
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multicenter, cohort studies are needed. Moreover, the onset and
severity of PE should be distinguished, and the diagnostic
accuracy in the different types of PE should be evaluated. Finally,
MPV should be jointly estimated with other markers of PE,
particularly those that can be extracted in CBC such as PC and
NLR, and a combined predictive diagnostic model should be
established to provide the most efficient predictive diagnosis of
the disease.

5. Conclusion

The results of this meta-analysis suggest that MPV has an
acceptable value as a promising, convenient, and affordable
marker for the prediction and diagnosis of PE. For MPV, the
optimal sampling gestational weeks and a more precise cut-off
for its diagnosis of PE should be determined and investigated in
depth. In addition, combining MPV parameters with other
platelet parameters and measurable factors in CBC may be more
important than using a single indicator alone to diagnose PE.
Therefore, it is essential to explore the SEN and SPE of MPV in
combination with other indicators. In the future, multicenter
prospective studies are also needed to assess the role of MPV in
different subtypes of PE.
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