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Mean platelet volume, corpuscular volume, and hemoglobin levels impact
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ABSTRACT

Relevance: Preeclampsia is one of the most severe complications of pregnancy, characterized by the development of arterial hypertension
and proteinuria after the 20th week of gestation. In recent years, increasing interest has been shown in the study of hematological parameters
as potential biomarkers for early diagnosis and prediction of preeclampsia. Mean platelet volume (MPV) is an indicator reflecting the size
and activity of platelets. An increase in MPV could indicate platelet activation and an inflammatory process. Mean corpuscular volume
(MCV) characterizes the average length of red blood cells and could indicate various hematological disorders.

The study aimed to assess the impact of MPV, MCYV, and Hb levels on the risk of developing severe preeclampsia in pregnant women.
Materials and Methods: The study included 85 pregnant women divided into two groups: 55 women with severe preeclampsia (Group 1)
and 30 healthy pregnant women (Group 2).

We conducted a multivariate analysis using logistic regression to assess the impact of these parameters on the risk of preeclampsia. We
defined inclusion and exclusion criteria. The model’s accuracy was evaluated using ROC analysis.

Results: The multivariate analysis revealed that elevated MCV and MPV values were associated with a reduced risk of developing severe
preeclampsia, while elevated hemoglobin (Hb) levels were associated with an increased risk. Notably, the model demonstrated a high
predictive accuracy, instilling confidence in the study's results with an AUC = 0.82.

Conclusion: The study's findings suggest that MCV, MPV, and Hb parameters can significantly predict the risk of severe preeclampsia. Their
potential use in clinical practice could offer hope for early diagnosis and prevention of this pregnancy complication, potentially improving
outcomes for pregnant women.
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Bausinus mokasareJiei cpeiHero o0beMa TpoOMOOIIUTOB, CPeIHEro 00bLeMa
IPUTPOLUUTOB M TeMOTVIOOMHA HA PUCK Pa3BUTHS TAKeJIO0 MPeIKIAMIICUA
y 0OepeMeHHBbIX KeHIIMH
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K.T. Illvixanuesa’, A.A. Katibacoea’

"Meouyunckuu Yuusepcumem Kapazanovwl, Kapazanoa, Pecnyonuxa Kazaxcman

AHHOTANUA

AxTyaabHoCTh: [Ipesxiiamiicus sIBIs€TCs OAHUM U3 HanboJiee Cephe3HbIX OCIMKHEHHH OEpEeMEHHOCTH, XapaKTePH3yOIINMCS Pa3BUTHEM
apTepHaIbHOM I'MIEPTEeH3UU U NpoTeuHypuu nocie 20-i Hexenu recranuu. B mocnenHue rofsl BO3pacTaOUIUi HHTEPEC BHI3BIBACT U3Y-
YeHHe 'eMaTOJOTMUSCKHUX NTapaMeTPOB KaK ITOTEHINATBHBIX OMOMAapKepOoB [UIS paHHEeH IMarHOCTUKHU M MPOTHO3HPOBAHHS MPEIKIAMIICHH.
Cpennuit 066eM TpomOo1ToB (MPV) siBisieTcst moka3areseM, OTpakarolluM pa3Mep U aKTUBHOCTH TpoMOouuToB. CpemHuit 00beM 3puTpo-
mutoB (MCV) xapakTepu3yeT CpeaHUH pa3Mep 3pUTPOLUTOB H MOXKET yKa3bIBaTh HA Pa3IHMIHbIEC TEMATOIIOTHIECKUE HAPyIICHHS.

Lesb uccieoBaHus — OLICHUTH BIUSHHUE cpeqHero oobema TpombonutoB (MPV), cpennero oobema sputporuros (MCV) u ypoBHS re-
morobrHa (Hb) Ha prck pa3BUTHS TSDKEION MPEIKIAMIICHH Y OCPEMEHHBIX KCHIIHH.

MarepnaJjibl 1 MeToABI: B HcciienoBanne ObIIH BKIIFOUEHBI 85 OepeMeHHBIX KEHIIMH, pa3/ielICHHBIX Ha JBE TPYIIIBL: 55 )KSHIINH C TUarHO-
CTHPOBAHHOM TsDKEINIOHN mpeskiaamiicuelt (rpynma 1) u 30 310poBEIX OepeMeHHBIX keHIHH (Tpymma 2). [IpoBeneH MHOTO(aKTOpHBIIH aHAIN3
C UCTIONB30BAaHNEM JIOTUCTHYECKON PErpeccHy ISt OIIEHKY BIMSHHUS yKa3aHHBIX TapaMeTPOB Ha PHCK Pa3BUTHUS MpedKIaMIIcHu. beutu ompe-
JeTIeHBI KPUTEPHHX BKIFOUCHHS M UCKIIOYeHHs. TOUHOCTh MOJeNH oreHnBanack ¢ nomomnipio ROC-ananusa.

PesyabTarbl: MHOrO(AKTOPHBINH aHAIU3 MMOKa3al, 4To NoBbIeHHbIe 3HaueHUsI MCV 1 MPV cBsi3aHBI CO CHHXKEHHBIM PHUCKOM Pa3BUTH
TSDKEJION MPEeIKIIaMIICHH, TOT/Ia KaK ITOBBIICHHbIH ypoBeHb remorioonHa (Hb) accorunpoBaH ¢ MOBBIIICHHBIM PUCKOM. MoJIeNb TPOJIeMOH-
CTpUpPOBaJIa BEICOKYIO TOUHOCTh IIporHosuposanus ¢ AUC = 0,82.

© D.E. Omertayeva, M.M. Mugazov, D.V. Vazenmiller, . Published by Kaz Med Print LLP. This is an open-access
K.T. Shykhaliyeva, A.A. Kaibassova, 2024 article under the (http://creativecommons.org/licenses/by/4.0/).
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3akaouenue: [Tokazarenn MCV, MPV u Hb MoryT ciiy’XuTh 3HaYMMBIMH IIPEAUKTOPAMH PUCKA TSHKEIION MpeskiIamicun. VX ucnonb3osa-
HHE B KJIMHUYECKOI MPaKTHUKe MOXET CIIOCOOCTBOBATh paHHE! TMarHOCTHKE U MPOQHIaKTHKE TaHHOTO OCIOKHEHHs OepeMEHHOCTH.
KnioueBsble cl10Ba: npesxiamncus, cpeonuii 00bem mpomooyumos, cpednuli 06vem SpUmpoyumos, 2emMo2ioouH, 102UCMU4ecKas pecpeccus,
buomapxepuil.

Jas uutupoBanus: Omepraena Jl., Myrazos M., Bazeamumnep [l., lsixanuena K., KaiibacoBa A. BnusHus nokasareneii cpeqHero o0b-

eMa TPOMOOIIUTOB, CPEIHETO 0ObEMA IPUTPOIIMTOB M TEMOITIOOMHA HA PUCK Pa3BUTHS TSHKEJION MPEIKIAMIICUH Y OEpPEMEHHBIX JKEHIIUH.
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TpomOouuTTEpAiH OpTaNIa KOJIEMi, 3PUTPOLMUTTEP/AIH OPTALIA KOJIeMi
7KOHE reMOIVIO0MH JIeHIefiHIH ’KYKTI difesiiepae aybIp MPeIKJIAMIICUSTHBIH
AaMy KayImiHe dcepi
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AHJATIA

O3exridqiri: [Ipeskmamrcust — 01 KYKTUTIKTIH €H aybIp aCKbIHYIapPBIHBIH 0ipi, 20-11bI anTaJaH KeiiH apTepUsUIBIK THIICPTEH3HS MEH IIPO-
TEMHYPHSHBIH Naiina 6omybiMeH cunartanaabl. COHFbI JKbULIAPbl TEMATONOTHSIIBIK TTapaMeTpiIep/ii epTe JUarHOCTHKA MEH MPEeIKIIaMIICH-
SIHBI OOJDKay/ia JIeyeTTi OmoMapKepiep peTiH/e 3epTTeyre KbI3BIFYIIBUIBIK apTyaa. Tpombonurtepain oprama kesemi (MPV) TpomGonmTt-
TEpAiH eJIeMi MeH OeJICeHAUTIriH KOpCeTeTiH KopceTKim. DpuTpounTrepain oprama kejaeMi (MCV) spUTpOIUTTEpAiH OpTalla eIIIeMiH
CHUIATTalIbl )KHE TYPJIi FeMaToJIOTHSUIBIK OY3bUTyIapIbl KOPCEeTyl MyMKIH.

3epTTeyaiH MaKcaThl — XKYKTI dienaepe ayblp NPedKIAMIICHSHBIH AaMyBIHBIH Kayriine MPV, MCV xone remornooun (Hb) nenreitinig
acepiH Oaranay.

Marepunaiaap mMeHn daicrepi: 3eprreyre 85 jKYKTI ofel eHri3inai, onap eki Tonka GemiHai: 55 ayslp MpesKIaMIICHs AUarHO3bl KOWBUIFaH
oiten (1-tom) xone 30 cay xykTi oifen (2-tom). IlpesknaMICHsHBIH naMy KayIliHe KOPCETUITeH MapaMeTplepAiH dcepiH Oaramay YIIiH
JIOTUCTUKAJIBIK PErpPeCCUsIHBI KOJIIaHa OTHIPHIIN, KOI(paKTopibl Tanaay Kypriinni. Kabbuinay »eHe MIbIFapy KpUTEpHiIepi aHbIKTAJIIbL.
Mopenbain gonniri ROC-tannay apKputel Oarananbl.

Hatuwkenepi: Kendaxropnsr Tanmay MPV sxone MCV neHreiliHiH jKoFapbuiaybIMEH aybIp MPEIKIAMIICHSHBIH JaMy KayHiHiH TOMEH/eiH-
TiHiH, an reMorioOnH (Hb) meHreliHiH skOFapbIIayBIHBIH KayIiHiH apTybIMeH OaittaHbICTH ekeHiH kepcerTi. Monens AUC = 0,82 xepcet-
KinriMeH O00JKaMHBIH JKOFaphI AJIITIH KOPCETTi.

Kopoitemasr: MCV, MPV xasne Hb kepcerkiuTepi ayblp NpedKIaMIICHSHBIH JaMy KayIiHIH MaHbBI3IbI IPEIUKTOPIAphl PETiHAE KbI3-
Met ere anmajsl. OnapApl KIMHUKAIBIK TOXipHOeae maiifanany KYKTITIKTIH OyJI acKbIHYBIH epTe AMAarHOCTHKAJayFa JKOHE ajlbIH alyFra
KeMeKTeceIi.

Tyiiinai ce3nep: npesxaramncus, mpomboyummepoiy opmawia Kenemi, Ipumpoyummepoiyy Opmauia Koiemi, 2emMo2no0uH, 102UCTNUKATbIK

peepeccusi, buomaprepiep.

Introduction: Preeclampsia is one of the most severe
complications of pregnancy, characterized by the development
of arterial hypertension and proteinuria after the 20th week of
gestation [1]. This condition is associated with a high risk of
adverse outcomes for both the mother and fetus, including
preterm birth, intrauterine growth restriction, and maternal
mortality [2, 3]. Despite significant research, the exact etiology
of preeclampsia remains not fully understood. Multiple
factors, including endothelial dysfunction, angiogenesis
disorders, and immunological factors, are thought to play a
role in its development [4, 5].

In recent years, increasing interest has been shown in the
study of hematological parameters as potential biomarkers
for early diagnosis and prediction of preeclampsia [6]. Mean
platelet volume (MPV) is an indicator reflecting the size
and activity of platelets. An increase in MPV could indicate
platelet activation and an inflammatory process [7]. Mean
corpuscular volume (MCV) characterizes the average size
of red blood cells and could indicate various hematological

disorders [8]. Hemoglobin (HDb) is a key indicator of blood
oxygen-carrying capacity and could affect tissue oxygenation
[9].

The study aimed to assess the impact of MPV, MCV, and
Hb levels on the risk of developing severe preeclampsia in
pregnant women.

Materials and Methods: A retrospective cohort study
was conducted from January 2018 to December 2022 at the
Obstetrics and Gynecology Department of the City Clinical
Hospital (Karaganda, Kazakhstan).

Inclusion Criteria:

. Women aged 18 to 45 years.

. Gestational age from 20 to 40 weeks.

. Complete medical records, including laboratory test
results.

Exclusion Criteria:

. Multiple pregnancies.

. Chronic diseases affecting hematological parameters

(e.g., anemia, coagulopathy).
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. Infectious diseases during the study period.

. Lack of consent to participate in the study.

Study Groups:

. Group 1 (n=55): Pregnant women diagnosed with

severe preeclampsia according to the American College of
Obstetricians and Gynecologists criteria [10].

. Group 2 (n=30): Healthy pregnant women without
pregnancy complications.

Data Collection:

Data extracted from medical records included.:

. Demographic data: age, gestational age.

. Hematological parameters: MPV, MCV, hemoglobin
(Hb) levels.

. Clinical data: blood pressure, presence of proteinuria.
Statistical Analysis:
. Descriptive statistics: calculating mean values,

standard deviation, median, and interquartile range for
quantitative variables.

Original research
OpueunanvHule ucciedosanus

. Comparative  analysis:  Student’s  t-test for
independent samples or the Mann-Whitney U test for non-
normal distributions.

. Multivariate logistic regression analysis. assessment
of the impact of independent variables (age, MPV, MCV, Hb)
on the dependent variable (presence of severe preeclampsia).

. Model evaluation: ROC analysis with calculation of
the area under the curve (AUC) to assess model accuracy.
. Statistical significance: p < 0.05 was considered

statistically significant.

SPSS version 25.0 (IBM Corp. Armonk, NY, USA) was
used for statistical analysis.

Results:

Demographic and Clinical Characteristics: Table 1
compares the demographic and clinical characteristics of the
study groups.

Table 1 — Demographic and clinical characteristics of study participants

Parameter Group 1 (n=55) Group 2 (n=30) p-value
Age (years) 329+£6.8 262+3.7 <0.001
Gestational age (weeks) 345+£3.2 36.8+£2.5 0.002
Systolic BP (mmHg) 160 + 15 115+ 10 <0.001
Diastolic BP (mmHg) 100+ 10 75+8 <0.001
Proteinuria (g/day) 2.5+0.8 0.1 +0.05 <0.001
. Age (years): The mean age of women in Group elevated blood pressure is a critical clinical sign of
1 (32.9 £ 6.8 years) was significantly higher than in Group preeclampsia.
2 (26.2 = 3.7 years). A statistically significant difference . Diastolic blood pressure (mmHg): Similarly, the

(p<0.001) suggests possible association of an older age with
a higher risk of preeclampsia.

. Gestational age (weeks): The mean gestational
age in Group 1 was 34.5 + 3.2 weeks, compared to 36.8
+ 2.5 weeks in Group 2. The difference is significant (p =
0.002), which could indicate an earlier onset of pregnancy
complications in women with preeclampsia.

. Systolic blood pressure (mmHg): In Group 1,
the mean systolic blood pressure was 160 £ 15 mmHg,
significantly higher than in Group 2 (115 £ 10 mmHg).
A highly significant p-value (p < 0.001) confirms that

mean diastolic blood pressure in Group 1 was significantly
higher (100 £ 10 mmHg) compared to Group 2 (75 + 8§
mmHg) with p <0.001.

. Proteinuria (g/day): The proteinuria level was 2.5
+ 0.8 g/day in Group 1 vs. the minimal of 0.1 + 0.05 g/day
in Group 2. A statistically significant difference (p < 0.001)
confirms proteinuria as a diagnostic criterion for preeclampsia.

The significant differences in demographic and clinical
characteristics between the groups suggest older age, elevated
blood pressure, and proteinuria to be potential risk factors for
developing severe preeclampsia.

Table 2 — Comparison of hematological parameters between the study groups

Parameter Group 1 (n=55) Group 2 (n=30) p-value
MPV (fl) 10.5+1.2 9.8+1.0 0.005
MCV () 92.5+4.5 88.0+5.0 <0.001
Hb (g/1) 125.0+10.0 120.0 + 8.0 0.01

Table 2 shows the differences in hematological parameters
between women with preeclampsia and healthy pregnant women.

. MPV (fl): The MPV value in Group 1 (10.5 £ 1.2
fl) was higher than in Group 2 (9.8 = 1.0 fl). A statistically
significant difference (p = 0.005) could indicate platelet
activation and an enhanced inflammatory response in women
with preeclampsia.

. MCYV (fI): The MCV value was also higher in
Group 1 (92.5+£4.5 fl vs. 88.0 £ 5.0 fl in Group 2). A high

Table 3 — Coefficients of multivariate logistic regression

statistical significance (p < 0.001) could suggest changes
in red blood cell morphology and possible hypoxic
processes.

. Hb (g/L): Hemoglobin levels were slightly higher
in women with preeclampsia (125.0 + 10.0 g/L vs. 120.0 £
8.0 g/L in Group 2). A statistically significant difference (p
=0.01) could be related to hemoconcentration due to plasma
fluid loss in preeclampsia.

Multivariate Logistic Regression Analysis:

Parameter Coefficient (f8) Standard error (SE) p-value OR (95% CI)
Agde -0.491 0.150 0.001 0.61 (0.46-0.81)
MCV -0.170 0.065 0.008 0.84 (0.74-0.95)
MPV -1.763 0.520 <0.001 0.17 (0.06-0.48)
Hb 0.134 0.050 0.007 1.14 (1.04-1.25)
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Table 3 shows the results of multivariate logistic regression
analysis, evaluating the impact of age and hematological
parameters on the risk of severe preeclampsia.

Age:

0 Coefficient (B): -0.491
0 p-value: 0.001
0 OR (odds ratio): 0.61 (95% confidence interval [CI]:

0.46-0.81)

0 Interpretation: A negative coefficient and OR
< 1 indicate that increasing age reduces the risk of severe
preeclampsia. However, this contradicts the data in Table
1, where women with preeclampsia were older. This could
result from interactions among variables in the model or the
influence of other factors.

MCV:

0 Coefficient (B): -0.170

0 p-value: 0.008

0 OR: 0.84 (95% CI: 0.74-0.95)

0 Interpretation: An increase in MCV is associated

with a reduced risk of preeclampsia. This could suggest that
more giant red blood cells improve tissue oxygenation or
reflect compensatory mechanisms.

ROC-curve of multifactor

1.0 ‘

. MPV:

0 Coefficient (B): -1.763

0 p-value: <0.001

0 OR: 0.17 (95% CI: 0.06-0.48)

0 Interpretation: A strong negative coefficient and a

low OR indicate that a higher MPV significantly reduces the
risk of preeclampsia. This could be related to the activation of
platelets and potential compensatory mechanisms in response
to endothelial dysfunction.

Hb:

0 Coefficient ($): 0.134

0 p-value: 0.007

0 OR: 1.14 (95% CI: 1.04-1.25)

0 Interpretation: A positive coefficient and OR >

1 indicate that elevated hemoglobin levels are associated
with an increased risk of preeclampsia. This could be
related to hemoconcentration and increased blood viscosity,
contributing to endothelial dysfunction.

Model Evaluation: ROC analysis showed that the areca
under the curve (AUC) was 0.82 (95% confidence interval
(CI): 0.73-0.91), indicating the model's high predictive
ability.

logistic regression (AUC=0.82)

0.8

0.6

0.4

0.2

Proportion of true positive results

ROC-curve (AUC=0,82, 95% CI:0,73-0,91)

0.4
Proportion of f

0.0 0.2

0.6 0.8
alse positive results

1.0

Figure 1 — ROC-curve of multifactor logistic regression

Discussion: This study found that MPV and MCV
are significant predictors of the risk of developing severe
preeclampsia in pregnant women. The results are consistent
with other studies indicating the role of hematological
parameters in the pathogenesis of preeclampsia [11, 12].
MPYV and preeclampsia:

A lower MPV in Group 1 could reflect increased platelet
consumption and destruction due to endothelial dysfunction
[13]. This corresponds with theories linking preeclampsia to
generalized endothelial dysfunction and inflammation [14].
MCYV and hypoxia:

A reduced MCV in Group 1 could indicate microvascular
changes and hypoxic processes in the pregnant woman’s
body [15]. Placental hypoxia is considered one of the critical
factors in the pathogenesis of preeclampsia [16].
Hemoglobin levels:

Elevated Hb levels in Group 1 could be related to
hemoconcentration due to plasma exudation and vascular
leakage [17]. This supports the hypothesis that increased Hb
could be a marker of increased risk of pre-eclampsia [18].

Limitations of the study:

Sample size: The relatively small number of
participants could limit the generalizability of the results.

3

not allow for

Retrospective design: It does
establishing a cause-and-effect relationship.
Lack of data on other potential risk factors, genetic
markers, or biochemical parameters [19].

Conclusion: The data obtained indicate that MPV, MCYV,
and hemoglobin levels can significantly predict the risk of
severe preeclampsia. Using these parameters in clinical
practice could contribute to the early diagnosis and timely
prevention of this pregnancy complication.

Practical recommendations:

Include MPV and MCV assessment in standard
hematological examinations of pregnant women for early
detection of preeclampsia risk.

Monitor hemoglobin levels and adjust as necessary
to reduce the risk of complications.
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