


Evaluation of Selected Haemostatic Biomarkers among Blood Donors at University College Hospital, Ibadan, Oyo State, Nigeria

Abstract
Background: In many underdeveloped nations, routine blood donor screening procedures place a greater emphasis on hemoglobin estimation and infectious illness markers than on hemostatic profile. Even blood donors who appear to be in good condition may have mild changes in coagulation and fibrinolysis, which could have an impact on donor health and transfusion safety. Therefore, a thorough assessment of hemostatic biomarkers is necessary to guarantee the safety of both donors and recipients, especially in areas with a lack of baseline hemostatic reference data.
Aim and Objectives: The purpose of this study was to assess a number of hemostatic biomarkers among voluntary blood donors at the University College Hospital (UCH), Ibadan, Nigeria, including platelet count, fibrinogen concentration, prothrombin time (PT), international normalized ratio (INR), activated partial thromboplastin time (aPTT), and D-dimer levels. Additionally, the study sought to ascertain the frequency and distribution of abnormal findings.
Materials and Methods: In a cross-sectional study, 180 willing blood donors were chosen from the UCH Blood Bank in Ibadan. Samples of venous blood were drawn aseptically and placed in tubes containing EDTA and trisodium citrate anticoagulants. A coagulometer was used to assess PT and aPTT, an automated hematology analyzer (Sysmex) was used to count platelets, and an enzyme-linked immunosorbent assay (ELISA) was used to quantify fibrinogen and D-dimer levels in accordance with normal protocols. Results were displayed as means, frequencies, percentages, and standard error of means (S.E.M.) after data analysis was completed using SPSS version 26.0.
Results: Most donors had haemostatic parameters within normal reference ranges, including platelet count (79.4%), fibrinogen (92.8%), PT (62.8%), INR (62.8%), aPTT (80.0%), and D-dimer (93.9%). Mean ± S.E.M values were: platelet 191.1 ± 5.38 ×10³/µL; fibrinogen 345.3 ± 32.43 mg/dL; PT 13.91 ± 0.04 s; INR 1.08 ± 0.09; aPTT 34.70 ± 0.33 s; and D-dimer 639.2 ± 23.77 ng/mL. A minority exhibited abnormalities suggestive of hyper- or hypocoagulable states, including shortened PT (35.0%), prolonged aPTT (11.7%), and elevated D-dimer (2.8%).
Conclusion: Most donors showed normal hemostatic function, indicating that they were suitable for safe blood donation. However, a tiny percentage showed moderate hemostatic problems, highlighting the significance of include specific coagulation and fibrinolytic markers in evaluations of donor health. Regular screening for important hemostatic biomarkers may improve transfusion outcomes, increase donor safety, and make it easier to identify subclinical coagulation abnormalities early.
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1.0 Introduction
A crucial physiological mechanism, hemostasis preserves the delicate equilibrium between fibrinolysis and coagulation, preventing excessive bleeding and preventing the production of harmful clots (1). Platelets, coagulation factors, and the vascular endothelium interact in a coordinated manner. Bleeding disorders and thrombotic events, which are linked to severe morbidity and mortality and have substantial therapeutic implications, can arise from any disturbance in this equilibrium (2). 
Assessing hemostatic biomarkers like platelet count, fibrinogen concentration, prothrombin time (PT), international normalized ratio (INR), activated partial thromboplastin time (aPTT), and D-dimer offers vital information about a person's blood coagulation condition and general hemostatic integrity (3).
Ensuring the physiological fitness of blood donors is essential in blood transfusion therapy for both the donors' own health and the safety of recipients (4). Hemoglobin estimation, blood group determination, and infectious disease markers including HIV, hepatitis B and C, and syphilis are usually the main topics of standard pre-donation screening procedures. Even though they are frequently asymptomatic, hemostatic abnormalities can occur in donors who appear to be in good condition and may have an impact on the quality of donated blood products, transfusion outcomes, and post-donation recovery (5). While donors with undiagnosed hypocoagulable conditions may experience excessive bleeding or delayed clotting after donation, those with latent hypercoagulable tendencies may be at risk for thrombotic problems (6).
Evaluation of coagulation and fibrinolytic profiles among blood donors has received little attention in many low- and middle-income countries, despite the therapeutic significance of hemostatic assessment (5). Routine donors often retain acceptable hemostatic levels, according to studies from Europe and Asia; but, geographical differences in genetics, nutrition, exposure to the environment, and access to healthcare can affect these parameters (4). The necessity for localized reference values was highlighted by a research conducted at the Lagos State University Teaching Hospital in Nigeria, which found that a significant percentage of potential donors had subnormal haematological parameters. The significance of context-specific data for clinical applications was also highlighted by research conducted in Burkina Faso, which established reference values for fibrinogen, activated partial thromboplastin time, and prothrombin time (7).
A significant tertiary referral institution and blood donation hub in southwest Nigeria, the University College Hospital (UCH) in Ibadan receives a significant volume of voluntary donors each year. Therefore, the purpose of this study was to assess a few hemostatic indicators among blood donors at UCH, Ibadan: platelet count, fibrinogen, PT/INR, aPTT, and D-dimer. Establishing baseline values, determining the frequency of subclinical abnormalities, and offering evidence-based suggestions for incorporating hemostatic screening into standard donor evaluation and transfusion safety procedures are the objectives of the results. By identifying potential concerns related to donor hemostatic characteristics and improving donor selection criteria, this thorough investigation aims to improve transfusion safety (8).













2.0 Materials and Methods
2.1 Study Design and Setting
A descriptive cross-sectional study was conducted at the University College Hospital (UCH) Blood Donation Unit in Ibadan, Oyo State, Nigeria. UCH is a tertiary referral and teaching hospital that serves as one of the primary regional centers for clinical treatment, education, and research in southwest Nigeria. Assessing particular hemostatic biomarkers in consenting blood donors who utilize the hospital's blood transfusion services was the aim of the study.

2.2 Study Population
The study population consisted of willing, unpaid blood donors who came to the UCH blood bank to donate throughout the study period and who fulfilled the standard eligibility conditions for blood donations. A total of 180 donors were gathered and screened after meeting the inclusion criteria and providing their informed consent.
2.3 Inclusion and Exclusion Criteria
2.3.1 Inclusion Criteria
Participants were eligible if they met the following criteria:
· Voluntary, non-remunerated blood donors within the standard UCH age range (males: 18–60 years; females: 18–49 years).
· Body weight ≥50 kg with acceptable hemoglobin levels and normal vital signs.
· Negative screening results for transfusion-transmissible infections (HIV, hepatitis B and C, syphilis).
· Provided written informed consent to participate in the study.
2.3.2 Exclusion Criteria
Donors were excluded if they met any of the following conditions:
· Age <18 years or >60 years, body weight <50 kg, or low hemoglobin concentration.
· Abnormal blood pressure, pulse, or temperature at screening.
· Positive serologic results for HIV, HBV, or HCV.
· History of chronic systemic illness (e.g., diabetes mellitus, hypertension, malignancy).
· Current use of anticoagulant or antiplatelet therapy.
· Pregnancy, lactation, or within six weeks postpartum.
· Recent blood donation (<12 weeks).
· Refusal or inability to provide informed consent.

2.4 Sample Size Determination
Using a prevalence estimate from a prior related study on hemostatic profiles among healthy donors, the minimum sample size was determined using Cochran's method for cross-sectional studies. The minimum target sample size, assuming a 10% attrition rate, was roughly 136 donors. The study eventually recruited 180 participants, going above and beyond the minimum requirement to increase the accuracy and generalizability of the results (9).
Using the Cochran’s formula for sample size calculation: N= (Z)2   P (1-p)/d (10)

Where;
Z=Standard normal value corresponding to 95% Confidence Limit (set at 1.96)
D =degree of freedom = 5% (0.05)
P= proportion to be used on estimation from the previous work 16.5%
N= (Z)2 P(1-P)/ d2
N= (1.96)2(0.088) (0.912)/0   0 .5 2
N =123.3
N =123.3
The sample size is approximately 123.3 blood donors from UCH. 10% of the attrition rate for the respondents was calculated using the formula above was added the total sample size Thus: 10% of 123.3 = 12.3
123.3 + 12.3 = 135.6, which is approximately 136

2.5 Sample Collection and Laboratory Analysis
Five milliliters of venous blood were aseptically collected from each donor and distributed into two tubes:
· Trisodium citrate (3.2%) tube for coagulation studies, and
· EDTA tube for complete blood count (CBC) and platelet estimation.

Platelet-poor plasma was obtained by centrifuging the citrated samples for 15 minutes at 3,000 rpm. Within two hours, a semi-automated coagulometer was used to measure the prothrombin time (PT) and activated partial thromboplastin time (aPTT). The plasma aliquots used for the D-dimer and fibrinogen tests were kept at -20°C for a maximum of 14 days prior to batch analysis using enzyme-linked immunosorbent assay (ELISA) kits. Using an automated Sysmex KX-1000N hematology analyzer, the CBC and platelet count were ascertained within two hours of collection.
The ELISA procedures were carried out according to the manufacturer's instructions, which included standard preparation, conjugate incubation, washing, substrate addition, and optical density (OD) measurement using a microplate reader at 450 nm. Every assay was carried out twice with appropriate internal quality controls. Regular instrument calibration and the use of quality assurance techniques were conducted in accordance with standard laboratory protocols.

2.6 Data Management and Statistical Analysis
The Statistical Package for the Social Sciences (SPSS) version 26.0 (IBM Corp., Armonk, NY, USA) was used to code, enter, and analyze all of the data. Variables were summarized using descriptive statistics. Frequencies and percentages were used to express the variables. In light of the study's methodology and dataset constraints, a descriptive investigation of the connections between demographic and hemostatic characteristics was conducted. A tabular summary of the findings was provided, together with the relevant statistical footnotes.
2.7 Ethical Considerations
The University College Hospital Ethical Review Committee in Ibadan, Nigeria, granted ethical approval for this investigation. It was completely voluntary to participate. Prior to recruitment, each donor provided written informed consent. Every procedure complied with the Declaration of Helsinki's (2013 revision) ethical guidelines. Throughout the study, donor privacy and confidentiality were upheld.














3.0 Results

180 willing blood donors in all were gathered and examined. SPSS version 26.0 was used to process the data, and the findings are shown as mean ± standard error of mean (S.E.M.), frequencies, and percentages. Tables 1–5 provide a summary of the findings.

3.1 Socio-demographic characteristics
Most respondents (32.2 %) were aged 26–35 years, while 26.7 % were < 25 years. The study population was predominantly male (83.3 %), married (57.8 %), and of Yoruba ethnicity (91.7 %). Christianity (58.9 %) and trading (79.4 %) were the predominant religion and occupation respectively (Table 1).
Table 1. Socio-demographic characteristics of blood donors (n = 180)
	Variable
	Category
	Frequency
	%

	Age (years)
	< 25
	48
	26.7

	
	26–35
	58
	32.2

	
	36–45
	42
	23.3

	
	> 46
	32
	17.8

	Gender
	Male
	150
	83.3

	
	Female
	30
	16.7

	Marital status
	Single
	76
	42.2

	
	Married
	104
	57.8

	Religion
	Christian
	106
	58.9

	
	Islam
	74
	41.1

	Ethnicity
	Yoruba
	165
	91.7

	
	Igbo
	11
	6.1

	
	Others
	4
	2.2

	Education
	None
	9
	5.0

	
	Secondary
	96
	53.3

	
	Tertiary
	75
	41.7

	Occupation
	Trader
	143
	79.4

	
	Civil servant
	23
	12.8

	
	Unemployed
	14
	7.8

	

3.2 Knowledge of haemostatic biomarkers
There was little understanding of fibrinolysis and coagulation. Just 3.3% have heard of these procedures before, mostly from schools (1.1%) or medical facilities (2.2%). While 84.4% of respondents thought haemostatic disorders exclusively happened in those with overt blood ailments, less than 2% acknowledged that haemostatic biomarkers could help with clinical diagnosis (Table 2).

Table 2. Knowledge of coagulation and fibrinolysis (n = 180)
	Variable
	Response
	n
	%

	Heard of coagulation/fibrinolysis
	Yes
	6
	3.3

	
	No
	174
	96.7

	Source of information
	Health facility
	4
	2.2

	
	School
	2
	1.1

	Biomarkers assist diagnosis
	Yes
	3
	1.7

	
	No
	175
	97.2

	
	Don’t know
	2
	1.1

	“Haemostatic disorders occur only in people with blood diseases.”
	Yes
	152
	84.4

	
	No
	28
	15.6



	
	
	













3.3 Medical history
The majority of donors said they had no acute or chronic illnesses. Just 2.8% had diabetes or hypertension, and 2.8% were being treated for malaria. At the time of donation, none were menstruation or pregnant. The frequency of hepatitis B/C and HIV was very low (≤3%) (Table 3).
Table 3. Medical history of respondents (n = 180)
	Variable
	Yes n (%)
	No n (%)
	Don’t know n (%)

	Hypertension
	5 (2.8)
	169 (93.9)
	6 (3.3)

	Diabetes
	5 (2.8)
	167 (92.8)
	8 (4.4)

	HIV infection
	0 (0.0)
	175 (97.2)
	5 (2.8)

	Hepatitis B/C
	0 (0.0)
	172 (95.6)
	3 (1.7)

	On malaria/other therapy
	5 (2.8)
	175 (97.2)
	–

	Family bleeding/clotting history
	4 (2.2)
	171 (95.0)
	5 (2.8)

	Anticoagulant use
	3 (1.7)
	172 (95.6)
	5 (2.8)

	Past surgery/trauma
	5 (2.8)
	171 (95.0)
	4 (2.2)










3.4 Distribution of haemostatic biomarkers
The majority of donors had results within the normal laboratory range, according to an analysis of six hemostatic parameters (platelet count, fibrinogen, PT, INR, aPTT, and D-dimer) (Table 4).
Table 4. Distribution of haemostatic biomarkers among donors (n = 180)
	Parameter
	Category
	n
	%
	Interpretation

	Platelet count (×10³/µL)
	Low
	18
	10.1
	Thrombocytopenia – bleeding risk

	
	Normal
	143
	79.4
	Adequate platelet reserve

	
	High
	19
	10.5
	Mild thrombocytosis

	Fibrinogen (mg/dL)
	Low
	5
	2.8
	Hypofibrinogenemia

	
	Normal
	167
	92.8
	Normal clotting

	
	High
	8
	4.4
	Possible inflammation/thrombosis

	Prothrombin time (s)
	Shortened
	63
	35.0
	Hypercoagulable state

	
	Normal
	113
	62.8
	Normal extrinsic pathway

	
	Prolonged
	4
	2.2
	Factor deficiency

	INR
	Low (< 0.8)
	63
	35.0
	Faster clotting

	
	Normal (0.8–1.2)
	113
	62.8
	Normal range

	
	High (> 1.2)
	4
	2.2
	Bleeding tendency

	aPTT (s)
	Shortened
	15
	8.3
	Hypercoagulable

	
	Normal
	144
	80.0
	Normal intrinsic pathway

	
	Prolonged
	21
	11.7
	Possible factor deficiency

	D-dimer (ng/mL)
	Low
	6
	3.3
	Low fibrinolytic activity

	
	Normal
	169
	93.9
	Adequate clot dissolution

	
	High
	5
	2.8
	Possible subclinical thrombosis




3.5 Mean ± S.E.M. of haemostatic biomarkers
The donor population's satisfactory hemostatic function was confirmed by the aggregate mean values (Table 5) falling within accepted reference intervals.
Table 5. Mean ± S.E.M. values of haemostatic biomarkers (n = 180)
	Biomarker
	Mean ± S.E.M.
	Reference range
	Interpretation

	Platelet (×10³/µL)
	191.1 ± 5.38
	150–450
	Normal

	Fibrinogen (mg/dL)
	345.3 ± 32.43
	200–400
	Normal

	PT (s)
	13.91 ± 0.04
	11–16
	Normal

	INR
	1.08 ± 0.09
	0.8–1.2
	Normal

	aPTT (s)
	34.70 ± 0.33
	25–40
	Normal

	D-dimer (ng/mL)
	639.2 ± 23.77
	10–1600
	Normal















4.0 Discussion

This study provides a comprehensive evaluation of selected haemostatic biomarkers among voluntary blood donors at the University College Hospital (UCH), Ibadan, Nigeria. The overall results indicate that most participants exhibited haemostatic parameters within normal physiological ranges for platelet count, fibrinogen concentration, prothrombin time (PT), international normalized ratio (INR), activated partial thromboplastin time (aPTT), and D-dimer. These findings suggest that the studied donor population was generally healthy and that the donor selection and pre-donation screening procedures were effective in ensuring the recruitment of suitable candidates (11). The mean platelet count (191.1 ± 5.38 × 10³/µL) and fibrinogen concentration (345.3 ± 32.43 mg/dL) closely align with established international reference standards, reflecting preserved haemostatic balance and optimal physiological function (5). Nonetheless, a subset of donors presented minor deviations, such as thrombocytopenia in 10.1% and elevated D-dimer levels in 2.8%, which may indicate subtle or subclinical haemostatic variations requiring further clinical or laboratory follow-up (12).
The observed haemostatic profile corresponds with previous reports showing that the majority of voluntary donors maintain normal coagulation parameters, including platelet indices, fibrinogen concentration, and clotting times (4). The similarity of these results with existing literature reinforces the notion that healthy individuals possess stable haemostatic mechanisms under physiological conditions (13). However, the detection of mild thrombocytopenia and elevated D-dimer in a small proportion of donors suggests potential early or transient coagulation irregularities (14). This observation underscores the relevance of consistent monitoring of donor health to ensure both donor safety and transfusion quality (15).
The patterns identified in this study mirror findings from similar investigations conducted in Iraq, Ghana, and Sudan, where 80–90% of donors demonstrated normal coagulation profiles, and a minority exhibited mild fluctuations suggestive of temporary hyper- or hypocoagulable states (15). Approximately 35% of donors with shortened PT and INR values might represent a transient hypercoagulable tendency related to dehydration, high vitamin K intake, or elevated procoagulant activity (16). Conversely, prolonged PT values observed in 2.2% of participants may reflect mild deficiencies of clotting factors or early hepatic dysfunction (17). Likewise, the occurrence of prolonged aPTT in 11.7% of donors could be attributed to partial deficiencies of intrinsic coagulation factors such as VIII, IX, or XI, or the presence of lupus anticoagulants (5). These findings highlight the delicate balance and complex regulation of coagulation pathways, emphasizing the importance of periodic haemostatic assessments even among apparently healthy individuals (18).
The evaluation of D-dimer levels showed that 93.9% of donors had values within the normal range, suggesting adequate fibrinolytic function and the absence of significant thrombotic or inflammatory activity. Elevated D-dimer concentrations in 2.8% of donors may signify ongoing fibrin degradation, subclinical inflammation, or latent infection (19). Although minor elevations in D-dimer can occur physiologically during tissue repair, markedly increased levels are often linked with venous thromboembolism, systemic inflammation, or heightened mortality risk (20). Hence, the inclusion of D-dimer screening in donor evaluation could strengthen transfusion safety by identifying individuals with subclinical coagulative or inflammatory anomalies before donation (20).
Overall, the present findings reaffirm that Nigerian voluntary blood donors generally maintain normal haemostatic function, reflecting both their suitability for donation and the efficiency of current selection practices. However, the study also reveals the need for improved donor education, as fewer than 5% of participants demonstrated awareness of basic haemostatic principles. Implementing limited coagulation profiling—including PT/INR, aPTT, and D-dimer assays—during routine donor evaluation, particularly for repeat donors or those with borderline results, would enhance early detection of haemostatic disturbances and align local transfusion practices with global safety standards. Moreover, subtle haemostatic deviations such as prolonged clotting times or increased fibrinogen concentrations may serve as early indicators of metabolic disorders, including diabetes, which has been associated with altered coagulation and increased fibrin formation even among asymptomatic individuals (21). Continuous monitoring and public education would therefore promote donor health, enhance transfusion safety, and support the overall integrity of the national blood supply system.
[bookmark: _GoBack]5.0 Conclusion

The majority of voluntary blood donors at the University College Hospital in Ibadan, according to this study, had hemostatic biomarker levels that were within normal physiological bounds. The results show that coagulation and fibrinolytic processes were balanced among donors, as evidenced by the essentially normal levels of indices such platelet count, fibrinogen concentration, prothrombin time, international normalized ratio, activated partial thromboplastin time, and D-dimer. There are minor, subclinical haemostatic abnormalities that may go undetected during conventional donor screening, as seen by the small percentage of people with aberrant findings, especially those with raised D-dimer, delayed aPTT, or shortened PT/INR.
Despite being rare, these anomalies highlight the significance of ongoing laboratory surveillance and health monitoring of blood donors in order to guarantee the highest level of donor safety and transfusion quality. The findings generally confirm that Nigerian voluntary donors are a generally healthy population; however, focused hemostatic assessment may improve donor health and transfusion medicine practice even more.

















6.0 Recommendations

1. Integration of selective haemostatic screening: To increase transfusion safety and the early detection of coagulation disorders, routine donor screening should be extended to include selected haemostatic markers like PT/INR and D-dimer, particularly for repeat donors or those with prior abnormal findings. 
2. Donor health education: To raise public knowledge and donor comprehension of hemostatic health, comprehensive education programs should be put in place. These programs should highlight the importance of balanced coagulation and fibrinolysis for general well-being and donation safety.
3. Establishment of local reference values: To improve the interpretation of donor laboratory results and lessen diagnostic bias related to imported standards, population-specific reference ranges for hemostatic biomarkers among Nigerian and African populations must be developed. 
4. Follow-up and referral procedures: To avoid unfavorable donor outcomes or possible post-donation issues, donors with aberrant coagulation profiles should receive the proper counseling, be temporarily postponed, and be referred for clinical examination.
5. Additional research: To better understand local differences and to guide evidence-based donor management methods, larger multicenter studies that take into account genetic, dietary, and environmental factors impacting donors' hemostatic biomarkers are advised.
















7.0 Contribution to Knowledge
This study offers the first thorough assessment of important hemostatic biomarkers among willing blood donors at a large tertiary hospital in southwest Nigeria, including platelet count, fibrinogen, prothrombin time (PT), international normalized ratio (INR), activated partial thromboplastin time (aPTT), and D-dimer. The information identifies baseline reference values and patterns of prevalence for fibrinolytic and coagulation markers in a healthy Nigerian donor community. This work provides important evidence in favor of the possible inclusion of selective haemostatic screening in blood donor evaluation procedures by detecting a small subset of donors with subclinical haemostatic abnormalities. The results provide empirical support for enhancing donor health surveillance and transfusion safety, thereby addressing a significant knowledge vacuum in transfusion medicine in sub-Saharan Africa. Additionally, the study establishes a solid basis for future investigations into the effects of genetic, environmental, and metabolic factors on coagulation profiles in African populations, as well as for the establishment of locally relevant reference intervals for hemostatic markers.
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