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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, MCV, 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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Влияния показателей среднего объема тромбоцитов, среднего объема 
эритроцитов и гемоглобина на риск развития тяжелой преэклампсии  

у беременных женщин

Д.Е. Омертаева1, М.М. Мугазов1, Д.В. Вазенмиллер1,  
К.Т. Шыхалиева1, А.А. Кайбасова1 

1Медицинский Университет Караганды, Караганда, Республика Казахстан

АННОТАЦИЯ

Актуальность: Преэклампсия является одним из наиболее серьезных осложнений беременности, характеризующимся развитием 
артериальной гипертензии и протеинурии после 20-й недели гестации. В последние годы возрастающий интерес вызывает изу-
чение гематологических параметров как потенциальных биомаркеров для ранней диагностики и прогнозирования преэклампсии. 
Средний объем тромбоцитов (MPV) является показателем, отражающим размер и активность тромбоцитов. Средний объем эритро-
цитов (MCV) характеризует средний размер эритроцитов и может указывать на различные гематологические нарушения.
Цель исследования – оценить влияние среднего объема тромбоцитов (MPV), среднего объема эритроцитов (MCV) и уровня ге-
моглобина (Hb) на риск развития тяжелой преэклампсии у беременных женщин.
Материалы и методы: В исследование были включены 85 беременных женщин, разделенных на две группы: 55 женщин с диагно-
стированной тяжелой преэклампсией (группа 1) и 30 здоровых беременных женщин (группа 2). Проведен многофакторный анализ 
с использованием логистической регрессии для оценки влияния указанных параметров на риск развития преэклампсии. Были опре-
делены критерии включения и исключения. Точность модели оценивалась с помощью ROC-анализа.
Результаты: Многофакторный анализ показал, что повышенные значения MCV и MPV связаны со сниженным риском развития 
тяжелой преэклампсии, тогда как повышенный уровень гемоглобина (Hb) ассоциирован с повышенным риском. Модель продемон-
стрировала высокую точность прогнозирования с AUC = 0,82.
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Тромбоциттердің орташа көлемі, эритроциттердің орташа көлемі  
және гемоглобин деңгейінің жүкті әйелдерде ауыр преэклампсияның 

даму қаупіне әсері
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АҢДАТПА

Өзектілігі: Преэклампсия — бұл жүктіліктің ең ауыр асқынуларының бірі, 20-шы аптадан кейін артериялық гипертензия мен про-
теинурияның пайда болуымен сипатталады. Соңғы жылдары гематологиялық параметрлерді ерте диагностика мен преэклампси-
яны болжауда әлеуетті биомаркерлер ретінде зерттеуге қызығушылық артуда. Тромбоциттердің орташа көлемі (MPV) тромбоцит-
тердің өлшемі мен белсенділігін көрсететін көрсеткіш. Эритроциттердің орташа көлемі (MCV) эритроциттердің орташа өлшемін 
сипаттайды және түрлі гематологиялық бұзылуларды көрсетуі мүмкін.  
Зерттеудің мақсаты – жүкті әйелдерде ауыр преэклампсияның дамуының қаупіне MPV, MCV және гемоглобин (Hb) деңгейінің 
әсерін бағалау.
Материалдар мен әдістерi: Зерттеуге 85 жүкті әйел енгізілді, олар екі топқа бөлінді: 55 ауыр преэклампсия диагнозы қойылған 
әйел (1-топ) және 30 сау жүкті әйел (2-топ). Преэклампсияның даму қаупіне көрсетілген параметрлердің әсерін бағалау үшін 
логистикалық регрессияны қолдана отырып, көпфакторлы талдау жүргізілді. Қабылдау және шығару критерийлері анықталды. 
Модельдің дәлдігі ROC-талдау арқылы бағаланды.
Нәтижелерi: Көпфакторлы талдау MPV және MCV деңгейінің жоғарылауымен ауыр преэклампсияның даму қаупінің төмендей-
тінін, ал гемоглобин (Hb) деңгейінің жоғарылауының қаупінің артуымен байланысты екенін көрсетті. Модель AUC = 0,82 көрсет-
кішімен болжамның жоғары дәлдігін көрсетті.  
Қорытынды: MCV, MPV және Hb көрсеткіштері ауыр преэклампсияның даму қаупінің маңызды предикторлары ретінде қыз-
мет ете алады. Оларды клиникалық тәжірибеде пайдалану жүктіліктің бұл асқынуын ерте диагностикалауға және алдын алуға 
көмектеседі.
Түйінді сөздер: преэклампсия, тромбоциттердің орташа көлемі, эритроциттердің орташа көлемі, гемоглобин, логистикалық 
регрессия, биомаркерлер. 

Заключение: Показатели MCV, MPV и Hb могут служить значимыми предикторами риска тяжелой преэклампсии. Их использова-
ние в клинической практике может способствовать ранней диагностике и профилактике данного осложнения беременности.
Ключевые слова: преэклампсия, средний объем тромбоцитов, средний объем эритроцитов, гемоглобин, логистическая регрессия, 
биомаркеры.
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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 (Hb) 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).

https://doi.org/10.37800/RM.4.2024.412
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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.

• 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.

Parameter Group 1 (n=55) Group 2 (n=30) p-value
Age (years) 32.9 ± 6.8 26.2 ± 3.7 < 0.001
Gestational age (weeks) 34.5 ± 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

Table 1 – Demographic and clinical characteristics of study participants

• Age (years): The mean age of women in Group 
1 (32.9 ± 6.8 years) was significantly higher than in Group 
2 (26.2 ± 3.7 years). A statistically significant difference 
(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 

elevated blood pressure is a critical clinical sign of 
preeclampsia.

• Diastolic blood pressure (mmHg): Similarly, the 
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.

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

Table 2 – Comparison of hematological parameters between the study groups

Table 3 – Coefficients of multivariate logistic regression

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.

• MCV (fl): 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 

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 (β) Standard error (SE) p-value OR (95% CI)
Agфe -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:
o Coefficient (β): -0.491
o p-value: 0.001
o OR (odds ratio): 0.61 (95% confidence interval [CI]: 

0.46–0.81)
o 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:
o Coefficient (β): -0.170
o p-value: 0.008
o OR: 0.84 (95% CI: 0.74–0.95)
o 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.

• MPV:
o Coefficient (β): -1.763
o p-value: < 0.001
o OR: 0.17 (95% CI: 0.06–0.48)
o 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:
o Coefficient (β): 0.134
o p-value: 0.007
o OR: 1.14 (95% CI: 1.04–1.25)
o 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 area 
under the curve (AUC) was 0.82 (95% confidence interval 
(CI): 0.73–0.91), indicating the model's high predictive 
ability. 

 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].

• MPV 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].

• MCV 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.

• Retrospective design: It does not allow for 
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, MCV, 
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.

Figure 1 – ROC-curve of multifactor logistic regression
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