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Evaluation of platelet indices in patients with preeclampsia and gestational hypertension
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Cuma TASIN

ihsan BAGLI

Hatun COLAK ©
Revan Sabri CIFTCI @
Hakan AYTAN ©

Orcid 1D:0000-0002-9315-4791
Orcid 1D:0000-0002-3195-9164
Orcid 1D:0000-0003-2560-3142
Orcid 1D:0000-0003-2560-3142
Orcid 1D:0000-0002-2553-7715

" Mersin University, Department of Perinatology, Mersin/Turkey

2 University of Health Sciences Diyarbakir Gazi Yasargil Research and Training Hospital, Department of

Obstetrics and Gynecology, Diyarbakir/Turkey

3 Mersin University, Department of Obstetrics and Gynecology, Mersin/Turkey

ABSTRACT

Amag: Platelet indekslerinden biri olan platelet kiitle indeksi (PKi)nin preeklampsi
ve gestasyonel hipertansiyon hastalarinda kontrol grubu ile karsilastirilarak deger-
lendirimesini amagladik.

Gereg ve Yontemler: Calisma retrospektif olarak tasarlandi. Ocak 2016 ve Ocak
2020 yillar arasinda Mersin Universitesi Kadin Hastaliklari ve Dogum Kiiniginde
takip edilmis 88 gestasyonel hipertansiyon (GH), 210 preeklampsi (PE),VE 140
saglikli kontrol hastasinin dosyalari tarandi. Platelet sayisi (PS), ortalama platelet
hacmi (OPH) degerleri ve platelet sayisi x ortalama platelet hacmi /1000 formdilii ile
bulunan platelet kiltle indeksleri (PKi) gruplar arasinda karsilastirild.

Bulgular: PS, PKi ve OPH degerleri gruplar arasinda farkli bulundu. Subgrup
analizinde, GH ve kontrol grubu arasinda istatistiksel fark bulunmadi. PE grubunda
PS, PKi ve OPH ortalama degerleri kontrol grubuna gére istatistiksel olarak anlamli
diizeyde disuktu (p=0.016, p=0.023, p=0.026 sirasiyla). Preeklampsinin 6ngorisu
igin PKI degerlerinin kesme noktas 2303.35 ml/1000 olarak alindiginda PKi'nin sen-
sitivitesi ve spesifisitesi sirastyla %53.6 ve %52.6 olarak bulundu (=0.021).

Sonug: PS, OPH ve ilk kez preeklampsi hastalarinda degerlendirilen PKi degerleri
preeklampsi hastalarinda istatistiksel olarak anlamli dustik saptandi.

Anahtar kelimeler: Gestasyonel hipertansiyon, preeklampsi, platelet kiitle indeksi.

INTRODUCTION
Systolic blood pressure = 140 mmHg and / or diastolic blood
pressure = 90 mmHg after the 20th week of pregnancy is defi-
ned as gestational hypertension (GHT) and one positive prote-
in in spot urine or proteinuria above 300 milligrams in 24-hour
urine in such patients is called preeclampsia (PE) (1). Approxi-
mately 22% of pregnancies have GHT and PE is diagnosed in
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Aim: To assess the predictive role of the platelet indices including platelet mass index

(PMI) for the diagnosis of preeclampsia (PE) and gestational hypertension (GTH).

Materials and Methods: This retrospective study was conducted by scanning
the files of patients hospitalized between January 1, 2016 and January 1, 2020 in
Mersin University Gynecology and Obstetrics clinics; 88 gestational hypertension,
210 preeclampsia and 140 healthy control patients were selected according to the
study criteria. Platelet count (PC) and mean platelet volume (MPV) values were ob-
tained from hospital’s electronic database. PMI was calculated by the formula PC x
MPV/103.

Results: There was a significant difference between groups with respect to PC, PMI
and PC/MPV values. When the subgroups were studied, there was no difference
between the GHT group and the control group. PC, PMI and PC/MPV mean values
in the PE group were significantly lower than the control group (p=0.016, p=0.023,
p=0.026 respectively). Sensitivity and specificity of PMI was found to be 53.6% and
52.6% respectively for the prediction of the PE, when the cut-off value of PMI is taken
as 2303.35 ml/103 (p= 0.021).

Conclusion: PC, PC/MPV and PMI were found to decrease significantly in patients
with PE, but not in GTH.

Keywords: gestational hypertension; preeclampsia; platelet indices

7% of all pregnancies (2). PE and GHT are among the most im-
portant problems of the pregnancy period, both associated with
increased maternal mortality and morbidity rates (3). Although
the exact pathophysiology of preeclampsia is not known, ina-
dequate invasion of trophoblasts into the maternal vascular bed
and consequently increased placental blood flow and increased
maternal endothelial dysfunction with inflammation are among
the known etiologies (4). Platelets take an important role in the
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progression of preeclampsia (5). The thrombocytopenia that
occurs reflects the severity of the disease (6). Secondary to
thrombocytopenia, new platelet production occurs in the bone
marrow (7). In some studies, the volume and indices of these
new platelets were found to be related to platelet activity (8).
Therefore, some indices are used to predict and monitor the
progression of the disease. Platelet count (PC), mean platelet
volume (MPV), platelet count / mean platelet volume (PC/MPV)
are some of these indices (9). Recently a new platelet index
called platelet mass index (PMI), which is calculated by the for-
mula platelet count x mean platelet volume / 103, has been
suggested to be closely related to platelet function (10).The role
of this index is not known in PE or GHT.

In previous studies, it was reported that platelet indices can
be used as PE predictors. In our study we aimed to assess the
predictive role of the platelet indices including PMI for PE and
GTH by comparing these indices in healthy pregnant women,
pregnant women with GTH and PE.

MATERIALS AND METHODS

The study was conducted by scanning the files of patients
hospitalized between January 1, 2016 and January 1, 2020 in
Mersin University Gynecology and Obstetrics Department. Di-
agnoses and groups in patient files were determined as follows;
Measured with an interval of 4 hours after the 20th week of
pregnancy, women with systolic blood pressure =140 mmHg or
diastolic blood pressure above =90 mmHg and >1 positive in
spot urine or > 300 mg protein in 24-hour urine were diagnosed
to have PE and selected as “Group 17, women with systolic
blood pressure 2140 mmHg or diastolic blood pressure above
=90 mmHg and loss of protein in spot urine <1 positive or <300
mg in 24-hour urine were diagnosed to have GHT and selected
as “Group 2", pregnant women who were healthy, had no ad-
ditional disease, had normal blood pressure and protein levels
in urine were selected as “Group 3”. Patients with a history of
thyroid disease, pre-pregnancy hypertension, diabetes melli-
tus and liver disease were excluded from the study. 88 GHT,
210 PE and 140 control patients were enrolled according to
the inclusion criteria. Hemoglobin, hematocrit, platelet count
(PC) and mean platelet volume (MPV) values were recorded by
analyzing hemograms with an automated hematology analyzer
(SYSMEX-XN-1000/23797). Demographic data of the patients
including age, gestational week of delivery and laboratory re-
sults including complete blood count and liver/renal function
tests were recruited from the electronic database of the hos-
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pital. PMI was calculated by multiplying platelet number with

MPV and divide the result by 1000.

Statistical analysis

Statistical analysis was accomplished by using IBM SPSS ver-
sion 22.0 statistical program. In One-Way ANOVA, variances
were seen to be distributed homogeneously. Normality of the
data was tested with Kolmogorov-Smirnov test. Normally distri-
buted data were expressed as mean + standard deviation and
compared with One Way ANOVA test. Since the number of
patients in the groups is different from each other, the Tukey
test was used in the Post Hoc tests for the evaluation of the
sup-groups. ROC curves were constructed for significantly dif-
fering parameters to establish diagnostic cut-off values. A value
of p < 0.05 was considered to be significant.

RESULTS

The comparison of the age, week of delivery and laboratory
findings were depicted in table 1.

When the ages were compared, it was found that the avera-
ge age of the patients with gestational hypertension was sig-
nificantly higher than the other two groups (p= 0.0002 and
0.0001), the preeclampsia group and the control group had
similar maternal age. The week of gestation at birth were sig-
nificantly different between the groups (p=0.0001). It was seen
that preeclampsia patients gave birth in very early weeks (p=
0.0001 for PE vs control, p= 0.0003 for PE vs GHT). The GHT
group patients delivered an average of two weeks before the
control group (p=0.003). The mean ALT and AST values were
different between the groups (p=0.029 and p=0.006 respecti-
vely). The creatinin levels were higher in the PE group and in
the GHT group versus the control (p=0.0001 for PE vs control
and p=0.0003 for GHT vs control), but, there was no signifi-
cant difference between the PE and the GHT. When the su-
bgroups were analysed, there was no difference between the
GHT group and the control group, and between the GHT group
and PE group in term of the urea and the MPV levels (p=0.18,
p=0.48 respectively). As a result of the tests, the groups’ the
average levels of PC, PMI and PC/MPV were different from
the each other. PC and PMI mean values of the preeclampsia
group were significantly lower than the control group (p=0.016,
p=0.023 respectively) (Table 1).
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Table 1: Demographic characteristics and Platelet indices of

Study Groups

Variables Group 1 Group 2 Group 3
patients with Patients with Control Patients
Gestational n=140
preeclampsia P
=210 Hypertension (Mean+SD)
n=88
(Mean=SD)
(MeanzSD)

Age 30.1+6.6° 36+5.6%° 30+5.8° <0.001
Birth week 334424 374+3¢d 39+]%¢ <0.001
Hemoglobin 11.4£1.5 11.5£1.4 11.8+41.2 0.13
Hematocrit 34+4.3 34.4+4.0 34.7+3.0 0.81
WBC 10463+3603 10372+3617 9971+2318 0.64
ALT 32.145.54¢ 25.9+4.1 13.07+5.5¢ 0.029
AST 45.547.1° 35.1+£2.8 17.945.3¢ 0.006
Urea 31+7.8 22.4548.05 14.6 +3.85 0.18
Creatinin 0.63+0.17* 0.59+0.05¢ 0.46+0.09¢ <0.001
MPV (fL) 10.88+2.46 10.56+0.10 11.12+1.17 0.48
PC (/pL) 194.0094+65.093¢ [ 203.227+65.409 | 222.639+60.992¢ 0.02
PMI 2,112.5+808.4" | 2,224.0+941.0 2,449.6+603.2F 0.03
PC/MPV 17619+6767¢ 18600+5864 20434+67402 0.033

p <0.05 was accepted as statisticaly significant. ®p=0.0001, ®P=0.0002,°
p=0.003, ¢P=0.0003, ¢p=0.016,"p=0.023, ¢p=0.026. Platelet Count-PC, Mean
Platelet Volume-MPYV, platelet count x mean platelet volume-PMI, Platelet
count / mean platelet volume-PC / MPV.

Similarly to PC and PMI, the mean PC/MPV levels were diffe-
rent between the groups but this differences was caused by
the differency between PE and control group (p=0.026).

In the group of the preeclamptic patients, PC, PMI and PC/
MPV cut-off value were 205500 pL, 2303.35 mi/103, 18083.98
and sensitivities-specificities of PC, PMI and PC/MPV were
54.6%-54.3%, 53.6%-52.6%, 51.6%-51.0% respectively. The
confidence intervals of these cut-off values of indices were
found to be significant for all three values (table 2 and figure

1).

Table 2: Averages of Platelet Indices in Preeclampsia Patients
and Confidence Intervals and Cut-Off Values in ROC Curve

Cut-Off |Sensi- |Speci- | AUCSE 95% CI P
Value tivity | ficity
Lower and Upper
Limit
PC (uL) [ 205500 | 54.6% [ 54.3% | 0.386+0.044 0.29 0.47 | 0.015*
PMI 2303.35 | 53.6% | 52.6% [0.391+0.044 0.30 0.48 | 0.021*
PC/MPV | 18083.98 [ 51.6% | 51.0% | 0.49+0.045 0.30 0.48 | 0.019*

p <0.05 was accepted as statisticaly significant, Area under AUC-Curve, PC:
Platelet count, MVP: Mean Platelet Volume, PMI: Platelet mass index, CI:
Confidence interval
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Figure 1: ROC Curve of Platelet Indices in Preeclampsia Pa-
tients
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Vasodilation and secondary hypotension normally occur du-
ring pregnancy, but hypertension develops as a result of inc-
reased intravenous pressure due to vasoconstriction in GHT
and preeclampsia. Since endothelial damage does not develop
in GHT, platelet count generally does not change significantly.
The production and consumption of new platelets from bone
marrow in patients with GHT are in balance. However, since
destruction is more than production in preeclampsia, thrombo-
cytopenia occurs in these patients in proportion to the severity
of the disease (7). Compared with PE, it was observed that
micro-particles were less common in patients with GHT, and
therefore thrombocytopenia rarely developed (11). In our study,
the platelet count in the PE group was lower than the control
group. Although the platelet count in the GHT group was lower
than the control group, it was not statistically significant. In our
study, it was found that there was a significant thrombocytope-
nia in PE cases and the number of thrombocytes decreased in
GHT, but the result was not significant. The PC results in our
study were compatible with previous studies (7).

The increase in blood pressure in cases with GHT can also
change MPV depending on the shape and volume change in
platelets (11). There are studies indicating that MPV values
will be higher since the new platelets formed in preeclampsia
are larger (7, 13-15). In some other studies, it was found that
consumption in preeclampsia was higher than production (low
PC) but MPV was normal (7, 16, 17). However, there are many
reasons why the studies are different. These; additional dise-
ases in cases are not excluded [diabetes mellitus increases
MPV (7)], they are not separated as term-preterm according to



gestational week (5, 16, 17), and equipment and devices used
when obtaining hemograms. Because of these, there are pub-
lications that MPV cannot predict preeclampsia and cannot be
used safely (5). In our study, it was found that MPV was low in
PE and GHT groups but the result was not significant.

Increased platelet cycle resulting from endothelial damage in
patients with preeclampsia leads to an increase in MPV with
a new platelet, resulting in a decrease in PC/MPV. Increased
blood pressure in patients with GHT causes a decrease in MPV
(12), a decrease in platelet life and an increase in thromboxane
A2 also causes a decrease in PC (18). Therefore, a decrease
in PC/MPV index is expected in GHT cases. A study by Freitas
and colleagues found that patients with preeclampsia had a low
PC (19). In another study conducted Dogan et al found that not
only PC but also PC/MPV value was lower in PE cases than
control group (13). In the studies conducted by Yavuzcan et
al, MPV did not differ between pregnant women who were PE,
pregnant women who were not PE and those who were not
pregnant. In the same studies, it was concluded that PC and
PC/MVP are stimulating for PE (5, 20). Von Dadelszen et al
suggested that the MVP/PC ratio reflects platelet consumption
and can be used as a weak indicator of maternal progression in
preeclamptic cases (21). In another study, Altinbas et al did not
find a significant relationship between PE and PC/MPV. In our
study, PC/MPV index was less than the control group in PE ca-
ses, in line with other studies (16). Although the PC/MPV index
was lower than the control group, it was not significant due to
the decrease in PC in the GHT group.

Another index, PMI, is obtained by multiplying the platelet count
by the mean platelet volume. As mentioned earlier, in PE and
GHT, while PC decreases with platelet consumption, MPV is
expected to increase or not change with new platelet produc-
tion. Therefore, PMI change in patients with PE and GHT is a
matter of curiosity. Gerday et al found that PMI is associated
with prolonged PT time without increasing the risk of hemorr-
hage (22). In a study conducted in the neonatal intensive care
unit, Zisk et al found that if the PMI value is taken into consi-
deration in the platelet transfusion, the need for transfusion will
decrease by 11.5% (23). This finding shows that PMI is a valu-
able marker for platelet function (24). Another study found that
with the decrease of PMI in premature infants, findings such as
intracranial hemorrhage, which indicate decreased platelet ac-
tivity, were found and it also found that with the increase of PMI
in premature infants, platelet functions increase and intracranial
bleeding decreases. In the same studies, PMI was found to be
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more significant than the platelet count used to evaluate patho-
logy in the second phase of premature retinopathy (25, 26). In
the review of the studies, it was concluded that PMI shows the
platelet activity better than PC (27). In our study, it was seen
that PMI was less in preeclampsia and GHT groups than in
the control group. In PMI, just like PC/MPV, the difference in
the preeclampsia group from the control group was found to
be significant. Although the mean of PMI with PE was lower
than in patients with GHT and also mean of PMI was less in the
GHT group than the control group, this difference between the
groups was not significant.

In our study cut off values with the highest sensitivity and speci-
ficity for the indices that were significantly differing in PE, such
as PC, PC/MPV and PMI, were established. In another study by
Diindar et al, when PC cut off value was taken 221000, sensitivity
was found to be 69% and specificity was 71% (28). Howarth et
al found that in low PC and high MPV, the sensitivity was 90%
and the specificity was 83% (29). In our study, the cut off valu-
es of these indices that were significant were determined (PC=
205,500; PC/MPV=18083.98; PMI=2303.35). According to these
cut off values, these indices were found to have moderate sensi-
tivity and specificity in prediction of PE. It was found that the most
sensitive and specific index was PC among these indices, and
the PC/MPV index was the lowest

In conclusion, evaluation of platelet functions is important in
patients with preeclampsia and GHT. Previously, many studies
have studied the relationship between PC and MPV with preec-
lampsia, PC and MPV with GHT. Although there is a consensus
on the decreased PC in patients with PE and GHT, there is no
consensus on MPV. As a result of the study, it was concluded that
MPV is not important in preeclampsia and GHT patients. It was
found that PC, PC/MPV and PMI decreased in both PE and GHT
patients, but these decreases were significant in patients with
preeclampsia. The superiority of our study is that PE and GHT
patients were compared in terms of platelet indices and PMI, whi-
ch have not been studied before, was assessed in these patient
groups. The retrospective design and being a single-centered
study are the main limitations of the study. In addition, these indi-
ces are variable and analyzer dependent. Prospective, multicen-
ter studies with larger sample sizes would be more informative.
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