


Determination of Haematological and Haemostatic Profile of Pregnant Women in the Second and Third Trimesters Attending the Antenatal Clinic at State Specialist Hospital, Maiduguri, Borno State, Nigeria

Abstract
Pregnancy is associated with progressive physiological changes in haematological and haemostatic systems that support maternal and foetal wellbeing but may also influence susceptibility to pregnancy-related complications. This study assessed trimester-specific haematological and haemostatic changes, determined the predictive value of these parameters for pregnancy-related complications, and examined correlations among selected haematological and haemostatic parameters in pregnant women attending antenatal care at State Specialist Hospital, Maiduguri, Borno State, Nigeria. A hospital-based analytical study was conducted among 79 pregnant women recruited in the second trimester (13–26 weeks) and followed into the third trimester (≥27 weeks to term). Venous blood samples were collected into EDTA and sodium citrate containers and analysed for white blood cell count, haemoglobin, haematocrit, platelet count, mean corpuscular volume, mean corpuscular haemoglobin, mean corpuscular haemoglobin concentration, differential leukocyte counts, prothrombin time, international normalised ratio, activated partial thromboplastin time and D-dimer. Paired comparisons for trimester-specific changes were performed, and Pearson correlation and binary logistic regression were used to assess relationships and predictors. Receiver operating characteristic analysis was used to assess predictive discrimination. WBC increased significantly from 8.28 ± 2.62 ×10⁹/L in the second trimester to 10.39 ± 2.69 ×10⁹/L in the third trimester (p < 0.01). Haematocrit decreased from 30.69 ± 2.92% to 28.70 ± 7.74% (p = 0.033), while MCV and MCHC decreased significantly and MCH increased significantly. Platelet count decreased markedly from 281.1 ± 66.37 ×10⁹/L to 175.4 ± 45.35 ×10⁹/L (p < 0.01). PT, INR, APTT and D-dimer increased significantly across trimesters. In the prediction model, second-trimester HCT was negatively associated with complications (OR = 0.55, p = 0.017), whereas third-trimester HCT was positively associated (OR = 1.09, p = 0.024). Second-trimester APTT was also significant (OR = 0.95, p = 0.027), while second-trimester haemoglobin approached statistical significance (OR = 3.95, p = 0.055). The ROC model yielded an AUC of 0.780 (95% CI: 0.705–0.855; p < 0.001), indicating acceptable-to-good discrimination. Correlation analyses demonstrated significant relationships among selected leukocyte, red-cell and haemostatic parameters. The findings demonstrate important trimester-specific haematological and haemostatic adaptations and suggest that selected routine laboratory parameters may contribute to antenatal risk assessment.
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1. Introduction
Pregnancy produces substantial physiological adaptations in the maternal haematological and haemostatic systems. These changes are necessary to support placental and foetal requirements, accommodate the expansion of maternal blood volume and prepare the mother for the haemostatic challenge of delivery. The later stages of pregnancy are characterised by changes in red-cell indices, leukocyte populations, platelet count, coagulation and fibrinolysis. Although these changes are physiological, interpretation against non-pregnant reference values may result in inappropriate classification of normal gestational adaptation as disease (Abbassi-Ghanavati et al., 2009; Rodger et al., 2015). Recent Nigerian evidence likewise demonstrates trimester-related variation in platelet indices and coagulation parameters, supporting pregnancy-specific interpretation of haemostatic findings (Adesina et al., 2026).
Plasma volume expands considerably during pregnancy, producing haemodilution and consequent reductions in haemoglobin and haematocrit despite an increase in total red-cell mass. White blood cell counts, particularly neutrophils, generally increase with advancing gestation. Platelet counts may decrease modestly as a result of haemodilution, increased platelet activation and consumption within the uteroplacental circulation. These changes have been described in Nigerian populations and in studies from Ethiopia, Europe and Asia (Akinbami et al., 2013; Gebreweld et al., 2018; Yusuf & Darma, 2022). Evidence from a study of pregnant women also identifies haemoglobin concentration as an important measure in the assessment of anaemia during pregnancy (Nidhi & Jha, 2023).
Pregnancy is also recognised as a prothrombotic state. Increased concentrations of several coagulation factors, reduced natural anticoagulant activity and suppression of fibrinolysis collectively increase coagulation potential. D-dimer concentrations increase progressively with gestational age because fibrin formation and degradation are both enhanced. Consequently, conventional non-pregnant thresholds may have limited specificity during late pregnancy, making gestational-age-specific interpretation important (Rodger et al., 2015; Siennicka et al., 2020; Dai et al., 2023). Recent studies further document gestation-dependent changes in fibrinogen, D-dimer and other haemostatic markers, supporting gestational-age-specific interpretation of coagulation profiles during pregnancy (Gong et al., 2025; Zhang et al., 2026).
Abnormal deviations from expected haematological and haemostatic trajectories may be associated with adverse pregnancy outcomes. Thrombocytopenia, altered haemoglobin trajectories and disturbances in coagulation or fibrinolysis have been investigated as possible indicators of hypertensive, thromboembolic and bleeding complications. However, the magnitude of physiological changes and the prevalence of abnormalities may vary between populations because of differences in nutritional status, genetics, environmental exposures, healthcare access and analytical methods. Locally relevant evidence from Maiduguri remains limited, creating a need for longitudinal assessment of these parameters in women receiving antenatal care at the State Specialist Hospital.
The present study therefore assessed trimester-specific haematological and haemostatic changes, evaluated the predictive value of these parameters for pregnancy-related complications, and determined correlations between haematological and haemostatic changes and pregnancy-related complications.
2. Materials and Methods
2.1 Study design and setting
A hospital-based analytical study was conducted at the Antenatal Clinic of State Specialist Hospital, Maiduguri, Borno State, Nigeria. The hospital serves as a major referral facility for women receiving antenatal and obstetric care in Maiduguri and surrounding areas. Participants were recruited during the second trimester (13–26 weeks) and followed into the third trimester (≥27 weeks to term).
2.2 Study population and eligibility
The study population comprised pregnant women attending the antenatal clinic who were in the second trimester at recruitment and could be followed to the third trimester. Participants who met the study eligibility criteria and provided informed consent were enrolled. Women were excluded if they had known haemostatic disorders or haemoglobinopathies, had pre-existing chronic illnesses likely to substantially affect haematological or haemostatic measurements, were using anticoagulant medication, or refused or withdrew consent.
2.3 Sample size and sampling
The minimum sample size was initially estimated using the prevalence formula n = Z²P(1−P)/d², with a 95% confidence level (Z = 1.96), an expected prevalence of 0.034 and a precision of 0.05. The calculated minimum was approximately 51 participants; an allowance for attrition produced a minimum target of 57. To enhance statistical power, 79 participants were ultimately enrolled and analysed. Consecutive sampling was used to recruit eligible women until the target was reached.
2.4 Data collection and ascertainment of complications
Sociodemographic and obstetric information, including age, occupation, parity and gravidity, was collected using a structured questionnaire. Pregnancy-related complications were identified from clinical documentation in the participants' records. For prediction analyses, complication status was coded as a binary outcome (0 = no complication; 1 = complication present). Where applicable, complications were also grouped into clinical categories, including hypertensive, metabolic and bleeding disorders.
2.5 Specimen collection and laboratory analysis
Venous blood was collected from the antecubital vein using standard aseptic procedures. Blood intended for haematological analysis was collected into EDTA containers, while blood for coagulation and D-dimer testing was collected into sodium citrate containers at a 9:1 blood-to-anticoagulant ratio. Haematological parameters were analysed using a Mindray BC-500 5-part haematology analyser at the State Specialist Hospital laboratory. Coagulation testing for PT and APTT was performed using a Human Clot Junior HC-6281 analyser, while D-dimer was measured using the Finecare FS-113 platform at the collaborating laboratory. Citrated specimens were processed to obtain platelet-poor plasma and stored at −80°C, where required, before analysis.
2.6 Quality assurance
Quality assurance procedures included instrument start-up and background checks, use of internal quality-control materials at low, normal and high concentrations, comparison of observed control results with assigned targets, and monitoring of the mean, standard deviation and coefficient of variation. Laboratory procedures were performed in accordance with the quality requirements described in ISO 15189:2022 and the manufacturers' operating procedures.
2.7 Statistical analysis
Data were analysed using statistical software. Descriptive statistics were used to summarise participant characteristics and laboratory measurements. Paired t-tests were used to compare second- and third-trimester measurements within participants. Pearson correlation was used to assess relationships among selected haematological and haemostatic parameters. Binary logistic regression was used to model pregnancy-related complication status using second-trimester laboratory measurements as candidate early predictors. Model discrimination was assessed using receiver operating characteristic analysis and the area under the curve (AUC). Statistical significance was set at p < 0.05.
3. Results
A total of 79 pregnant women were included in the analysis. Half of the participants were aged 18–27 years (40; 50.6%), followed by those aged 28–37 years (25; 31.6%). Secondary education was the most common educational level (41; 51.9%). Housewives constituted the largest occupational group (42; 53.2%). Multiparous women accounted for 35 (44.3%) of the participants, while nulliparous and primiparous women accounted for 26 (32.9%) and 18 (22.8%), respectively.
	Characteristic
	Category
	n
	%

	Age (years)
	18–27
	40
	50.6

	
	28–37
	25
	31.6

	
	38–47
	13
	16.5

	
	≥48
	1
	1.3

	Education
	No formal education
	8
	10.1

	
	Primary
	7
	8.9

	
	Secondary
	41
	51.9

	
	Tertiary
	23
	29.1

	Occupation
	Housewife
	42
	53.2

	
	Business
	24
	30.4

	
	Civil servant
	8
	11.4

	
	Tailoring
	4
	5.1

	Parity
	Nulliparous
	26
	32.9

	
	Primiparous
	18
	22.8

	
	Multiparous
	35
	44.3



Table 1. Sociodemographic and obstetric characteristics of study participants.
3.1 Trimester-specific haematological changes
	Parameter
	Second trimester Mean ± SD
	Third trimester Mean ± SD
	t
	p

	WBC (×10⁹/L)
	8.284 ± 2.62
	10.39 ± 2.69
	−5.00
	<0.01

	Hb (g/dL)
	11.46 ± 1.76
	10.54 ± 0.98
	0.76
	0.444

	Hct (%)
	30.69 ± 2.92
	28.70 ± 7.74
	2.14
	0.033

	MCV (fL)
	84.51 ± 6.39
	80.57 ± 6.30
	3.91
	<0.01

	MCH (pg)
	28.35 ± 2.39
	29.89 ± 3.03
	−3.58
	<0.01

	MCHC (%)
	33.53 ± 1.40
	31.68 ± 2.72
	5.40
	<0.01



Table 2. Comparison of haematological indices between the second and third trimesters.
WBC increased significantly from 8.284 ± 2.62 ×10⁹/L in the second trimester to 10.39 ± 2.69 ×10⁹/L in the third trimester (p < 0.01). Haemoglobin decreased from 11.46 ± 1.76 to 10.54 ± 0.98 g/dL, although the difference was not statistically significant (p = 0.444). Haematocrit decreased significantly, while MCV and MCHC also decreased significantly. In contrast, MCH increased significantly across the two trimesters.
3.2 Differential leukocyte changes
	Parameter
	Second trimester Mean ± SD
	Third trimester Mean ± SD
	t
	p

	Neutrophils (%)
	63.65 ± 9.058
	64.97 ± 11.01
	−0.884
	0.078

	Lymphocytes (%)
	27.56 ± 7.612
	27.71 ± 9.509
	−0.110
	0.912

	Monocytes (%)
	6.963 ± 3.933
	6.489 ± 3.272
	0.827
	0.409

	Eosinophils (%)
	1.846 ± 2.205
	2.542 ± 2.279
	−1.960
	0.052

	Basophils (%)
	0.061 ± 0.091
	0.320 ± 0.699
	−1.960
	0.001



Table 3. Comparison of differential leukocyte counts between the second and third trimesters.
Neutrophil percentage increased modestly from 63.65 ± 9.06% to 64.97 ± 11.01%, but the difference was not statistically significant (p = 0.078). Lymphocyte and monocyte percentages remained relatively stable. Eosinophils showed a borderline change (p = 0.052), whereas basophils increased significantly from 0.061 ± 0.091% to 0.320 ± 0.699% (p = 0.001).
3.3 Haemostatic changes
	Parameter
	Second trimester Mean ± SD
	Third trimester Mean ± SD
	t
	p

	Platelets (×10⁹/L)
	281.1 ± 66.37
	175.4 ± 45.35
	11.71
	<0.01

	PT (s)
	14.68 ± 2.06
	15.91 ± 2.12
	−3.677
	<0.01

	INR
	1.63 ± 0.58
	2.14 ± 0.74
	−4.806
	<0.01

	APTT (s)
	45.34 ± 9.83
	61.06 ± 52.58
	−2.630
	<0.01

	D-dimer (µg/mL)
	1.01 ± 0.38
	1.51 ± 0.64
	−5.969
	<0.01



Table 4. Comparison of platelet and coagulation/fibrinolytic parameters between the second and third trimesters.
Platelet count decreased markedly from 281.1 ± 66.37 ×10⁹/L to 175.4 ± 45.35 ×10⁹/L (p < 0.01). PT increased from 14.68 ± 2.06 to 15.91 ± 2.12 seconds, while INR increased from 1.63 ± 0.58 to 2.14 ± 0.74. APTT increased from 45.34 ± 9.83 to 61.06 ± 52.58 seconds, and D-dimer increased from 1.01 ± 0.38 to 1.51 ± 0.64 µg/mL. All reported changes were statistically significant.
3.4 Predictive value of laboratory parameters
	Model statistic
	Value

	−2 Log Likelihood
	180.94

	Cox & Snell R²
	0.214

	Nagelkerke R²
	0.286

	Omnibus χ² (df = 14)
	38.09

	p-value
	0.001



Table 5. Logistic regression model fit statistics.
	Predictor
	B
	SE
	Wald
	p
	OR

	HCT, second trimester
	−0.594
	0.250
	5.65
	0.017
	0.55

	HCT, third trimester
	0.085
	0.038
	5.07
	0.024
	1.09

	APTT, second trimester
	−0.050
	0.022
	4.90
	0.027
	0.95

	Hb, second trimester
	1.374
	0.716
	3.68
	0.055
	3.95



Table 6. Selected variables in the logistic regression equation for pregnancy-related complications.
The logistic regression model was statistically significant (omnibus χ² = 38.09, df = 14, p = 0.001), with Cox and Snell R² of 0.214 and Nagelkerke R² of 0.286. Second-trimester HCT was negatively associated with pregnancy-related complications (OR = 0.55, p = 0.017), whereas third-trimester HCT showed a positive association (OR = 1.09, p = 0.024). Second-trimester APTT was also negatively associated with complications (OR = 0.95, p = 0.027). Second-trimester haemoglobin showed a positive association that approached statistical significance (OR = 3.95, p = 0.055).
	Outcome
	n
	%

	No complication
	51
	64.6

	Complication present
	28
	35.4

	Total
	79
	100.0



Table 7. Pregnancy-related complication outcome distribution used in ROC analysis.
	Test variable
	AUC
	SE
	p
	95% CI lower
	95% CI upper

	Predicted probability
	0.780
	0.038
	<0.001
	0.705
	0.855



Table 8. Receiver operating characteristic performance of the prediction model.
The ROC analysis produced an AUC of 0.780 (SE = 0.038; 95% CI: 0.705–0.855; p < 0.001). At a cut-off value of 0.50, the model correctly classified 68.4% of observations, with 43 of 51 women without complications correctly classified and 11 of 28 women with complications correctly identified.
3.5 Correlation analysis
	Variables
	Trimester
	r
	p

	WBC vs neutrophils
	Second
	0.494
	<0.01

	WBC vs lymphocytes
	Second
	−0.611
	<0.01

	Hb vs MCV
	Second
	0.230
	0.040

	D-dimer vs platelets
	Second
	−0.067
	0.557

	D-dimer vs INR
	Second
	0.225
	0.094

	D-dimer vs PT
	Second
	0.094
	0.407

	D-dimer vs APTT
	Second
	0.151
	0.180

	WBC vs neutrophils
	Third
	0.248
	0.027

	WBC vs lymphocytes
	Third
	−0.274
	0.014

	Hb vs HCT
	Third
	0.330
	0.003

	Hb vs MCH
	Third
	0.316
	0.004

	D-dimer vs INR
	Third
	0.302
	0.007

	D-dimer vs PT
	Third
	0.284
	0.011

	D-dimer vs platelets
	Third
	0.059
	0.601

	D-dimer vs APTT
	Third
	−0.073
	0.521



Table 9. Selected significant and non-significant correlations among haematological and haemostatic parameters.
In the second trimester, WBC was positively correlated with neutrophils and negatively correlated with lymphocytes. Hb was weakly positively correlated with MCV. No significant relationships were observed between D-dimer and platelet count, INR, PT or APTT. In the third trimester, WBC was positively correlated with neutrophils and negatively correlated with lymphocytes. Hb was positively correlated with HCT and MCH. D-dimer was positively correlated with INR and PT, while its relationships with platelet count and APTT were not significant.
4. Discussion
The present study demonstrated significant trimester-specific changes in several haematological and haemostatic parameters among pregnant women attending antenatal care at State Specialist Hospital, Maiduguri. The most prominent findings were the increase in WBC count, reduction in haematocrit, changes in red-cell indices, marked decline in platelet count, and increases in PT, INR, APTT and D-dimer. These findings demonstrate the dynamic adaptation of maternal blood and haemostatic systems during the progression from the second to the third trimester.
The significant increase in WBC from the second to the third trimester is consistent with gestational leukocytosis. Within Nigeria, similar increases have been reported by Akinbami et al. (2013) in Lagos, Tukur et al. (2009) in Maiduguri and Yusuf and Darma (2022) in Kano. Comparable observations have been reported in Ethiopia by Gebreweld et al. (2018), while studies from Europe and Asia have also described progressive leukocyte and neutrophil predominance during pregnancy. The present findings therefore support the view that increasing maternal leukocyte counts, particularly neutrophils, represent a common physiological response to pregnancy. The significant correlations between WBC and neutrophils in both trimesters further support the contribution of neutrophils to gestational leukocytosis.
The reduction in haemoglobin and haematocrit observed in this study is consistent with the physiological haemodilution of pregnancy. Plasma volume expands more rapidly than red-cell mass, resulting in lower haemoglobin and haematocrit concentrations. Similar patterns have been reported among pregnant women in Lagos, Ethiopia and other populations (Akinbami et al., 2013; Gebreweld et al., 2018). The decline in haematocrit was statistically significant in the present study, whereas the decline in haemoglobin did not reach statistical significance. Differences between populations may reflect variation in nutritional status, iron stores, antenatal supplementation and other maternal characteristics.
The significant changes in MCV, MCH and MCHC indicate that red-cell indices also changed as pregnancy advanced. The observed reduction in MCV and MCHC alongside an increase in MCH differs from some reports in which MCV remains stable or increases slightly during uncomplicated pregnancy. Such differences may reflect nutritional status, iron and folate availability, baseline red-cell characteristics, or population-specific factors. The findings reinforce the importance of interpreting red-cell indices within the context of pregnancy-specific reference values rather than relying exclusively on non-pregnant standards.
A marked reduction in platelet count was observed between the second and third trimesters. This finding agrees with the recognised tendency toward gestational thrombocytopenia and with studies reporting declining platelet counts during pregnancy. Akinbami et al. (2013) documented a decline in platelet count among pregnant women in Lagos, while Gebreweld et al. (2018) reported an increasing prevalence of thrombocytopenia with advancing gestation. Similar reductions have been described in African, European and Asian populations. The mechanism may involve haemodilution, increased platelet activation and consumption in the uteroplacental circulation. However, the magnitude of the reduction in the present study was substantial; therefore, the local result should be interpreted carefully and in conjunction with clinical assessment.
The haemostatic findings demonstrated significant increases in PT, INR, APTT and D-dimer. The rise in D-dimer is consistent with increased fibrin formation and degradation during pregnancy and agrees with Nigerian observations reported by Osunkalu et al. (2014) and Jeremiah et al. (2012), as well as international evidence, including Dai et al. (2023). Because D-dimer normally increases during pregnancy, elevated values should not automatically be interpreted as evidence of venous thromboembolism without clinical assessment and appropriate pregnancy-adjusted interpretation. The significant third-trimester correlations between D-dimer and both PT and INR suggest increasing interaction between coagulation activation and fibrin turnover as gestation advances.
The direction of PT and APTT changes in the present dataset differs from some literature describing clotting times in normal pregnancy as remaining within, or being slightly shorter than, non-pregnant reference intervals. This discrepancy may be related to analytical platform, reagent sensitivity, population characteristics, sample handling, or the reference system used in the present study. The finding emphasises the importance of establishing local laboratory reference intervals and ensuring strict quality assurance when interpreting pregnancy-associated haemostatic results.
The logistic regression analysis demonstrated that selected laboratory parameters contributed to the prediction of pregnancy-related complications. Second-trimester HCT was negatively associated with complications, whereas third-trimester HCT was positively associated. Second-trimester APTT also showed a significant negative association, and second-trimester haemoglobin approached statistical significance. The overall model was statistically significant, and the ROC AUC of 0.780 indicates acceptable-to-good discriminatory performance. These findings are broadly consistent with reports from Nigeria and other settings suggesting that maternal haematological parameters may contribute to risk stratification. However, the model should not be regarded as ready for routine clinical use without external validation, particularly because the sample was relatively small and the study was conducted at a single centre.
The correlation findings further demonstrated that haematological and haemostatic parameters are interrelated. The positive relationship between WBC and neutrophils and the negative relationship between WBC and lymphocytes are consistent with the differential leukocyte changes accompanying pregnancy. The positive relationships between D-dimer and PT/INR in the third trimester indicate that fibrin turnover increases alongside changes in coagulation measurements. The absence of significant associations in several other parameter pairs highlights the complexity of haemostatic regulation and the fact that individual laboratory markers do not necessarily change in parallel.
Overall, the present findings agree with the broad physiological pattern described in previous Nigerian, African, European and Asian studies, while also demonstrating local differences in the magnitude and direction of individual parameters. Such differences support the need for population- and trimester-specific reference intervals and larger longitudinal studies in northeastern Nigeria.
5. Conclusion
This study demonstrated significant trimester-specific changes in haematological and haemostatic parameters among pregnant women attending antenatal care at State Specialist Hospital, Maiduguri. WBC increased significantly with advancing gestation, while haematocrit decreased. Significant changes were also observed in MCV, MCH and MCHC. Differential leukocyte analysis showed a significant increase in basophils, whereas neutrophils, lymphocytes, monocytes and eosinophils did not show statistically significant changes. Platelet count decreased markedly, while PT, INR, APTT and D-dimer increased significantly from the second to the third trimester.
Selected haematological and haemostatic parameters demonstrated predictive value for pregnancy-related complications. Second-trimester HCT, third-trimester HCT and second-trimester APTT were significant predictors, while second-trimester haemoglobin showed an association that approached statistical significance. The prediction model demonstrated an AUC of 0.780, indicating acceptable-to-good discrimination. Correlation analysis demonstrated significant relationships among selected haematological and haemostatic variables, particularly WBC with neutrophils and lymphocytes and D-dimer with PT and INR in the third trimester. These findings indicate that maternal haematological and haemostatic changes are coordinated during pregnancy and that selected routine laboratory parameters may have potential value in antenatal risk assessment.
6. Recommendations
Based on the findings and the three study objectives, the following recommendations are made:
• Complete blood count should be routinely monitored during the second and third trimesters, with particular attention to WBC, haemoglobin, haematocrit, platelet count and red-cell indices.
• Appropriate haemostatic assessment, including PT, APTT and D-dimer, should be considered for pregnant women with clinical risk factors for thromboembolic, hypertensive or bleeding complications.
• Medical laboratories should develop and validate locally derived trimester-specific reference intervals for haematological and haemostatic parameters to improve interpretation of pregnancy laboratory results.
• The predictive model identified in this study should be externally validated in larger, multicentre longitudinal populations before being considered for incorporation into routine antenatal risk-assessment protocols.
• Further research should investigate correlations between haematological and haemostatic parameters and specific pregnancy complications and evaluate additional biomarkers such as fibrinogen, coagulation factors, inflammatory markers and cytokines.
• Given the high antenatal patient turnout reported at the study facility, strengthening obstetric staffing and improving the patient-to-doctor ratio should be considered to support timely antenatal assessment and follow-up.
7. Limitations
The study was conducted at a single hospital and involved a relatively small sample of 79 pregnant women, which may limit generalisability to other populations. The predictive model was developed within the same study population and therefore requires external validation before clinical implementation. The study also focused on a defined set of routine haematological and haemostatic parameters and did not include other potentially informative biomarkers such as fibrinogen, specific coagulation factors, inflammatory cytokines or viscoelastic measures.
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