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Effects of donors’ Education level, ABO/Rhesus blood groups, and Donation time on adverse reactions at Kisumu Regional Blood Transfusion Centre, Kenya
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ABSTRACT 
	Blood donation-related adverse reactions (BDRARs) remain a key concern in transfusion medicine due to their potential impact on donor safety and retention. This study assessed the effects of donors’ education level, ABO/Rhesus blood groups, and time of donation on the occurrence of adverse reactions among voluntary blood donors at the Kisumu Regional Blood Transfusion Centre, Kenya. A cross-sectional study design was employed involving 542 voluntary donors, with data collected using standardized questionnaires and BDRAR reporting forms. Descriptive and inferential statistics were analyzed using SPSS version 27.
Overall, 5.7% (n = 31) of donors experienced adverse reactions, while 94.3% (n = 511) reported no complications, confirming the generally safe nature of blood donation. Blood group A donors exhibited the highest proportion of adverse reactions (9.5%), whereas group O donors had the lowest (4.1%); however, no statistically significant association was found between ABO blood group and adverse reactions (χ² = 4.854, p = 0.183). Similarly, Rhesus status showed no significant association (p = 0.333). With respect to education level, adverse reactions occurred in 6.2% of donors with secondary education and 4.6% among tertiary-level donors, but this difference was not statistically significant (χ² = 0.842, p = 0.839). Donation time also showed no significant influence on adverse reactions (χ² = 1.268, p = 0.867), although slightly higher proportions were observed in morning sessions (7.7%).
Sweating (2.0%) and dizziness (0.7%) were the most common adverse reactions reported. The majority of donors (86.2%) were first-time donors, and younger individuals constituted the largest proportion of participants.
In conclusion, while BDRARs were infrequent, none of the studied factors demonstrated a statistically significant association with their occurrence. These findings highlight the need to explore other determinants of donor reactions while reinforcing the safety of blood donation.
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1. INTRODUCTION 
Blood transfusion remains a cornerstone of modern healthcare, playing a vital role in the management of trauma, surgical procedures, obstetric emergencies, and hematological conditions (World Health Organization, 2023). The effectiveness of transfusion services is largely dependent on the availability of safe and adequate blood supplies, which are primarily sustained through voluntary, non-remunerated blood donors. However, many low- and middle-income countries, including Kenya, continue to face significant challenges in meeting blood demand, resulting in critical shortages that compromise timely patient care (WHO, 2023; Bates et al., 2022). Ensuring donor safety and promoting a positive donation experience are therefore essential strategies for enhancing donor retention and maintaining a stable blood supply.
Although blood donation is generally safe, a proportion of donors’ experience blood donation-related adverse reactions (BDRARs), which may occur during or shortly after the donation process (Shaz et al., 2021). These reactions range from mild symptoms such as dizziness, nausea, sweating, and lightheadedness to more severe manifestations including syncope, hematoma formation, and, in rare cases, complications requiring medical attention (Newman, 2022). While the incidence of BDRARs is relatively low, their impact on donor experience is significant. Studies have shown that donors who experience adverse reactions are less likely to return for subsequent donations, thereby negatively affecting donor retention and the sustainability of blood donation programs (Brunson et al., 2022; Veldhuizen et al., 2023).
Previous research has extensively examined the association between BDRARs and non-modifiable socio-demographic factors such as age, sex, and donation history. Younger donors, females, and first-time donors have consistently been identified as having a higher risk of experiencing adverse reactions (Wang et al., 2019; Goldman et al., 2023). However, the focus on non-modifiable factors limits opportunities for intervention. In contrast, modifiable or potentially adjustable factors such as donors’ level of education, ABO/Rhesus blood groups, and the timing of donation remain underexplored, despite their potential to inform targeted strategies for improving donor safety and experience (Thijsen et al., 2019; Schreiber et al., 2021).
In sub-Saharan Africa, the challenge of maintaining an adequate and safe blood supply is further compounded by socio-cultural beliefs, limited awareness, and fear of adverse reactions associated with blood donation (WHO, 2023; Tagny et al., 2022). Kenya continues to experience a substantial gap between blood demand and supply, highlighting the need for context-specific, evidence-based interventions that address both donor recruitment and retention. Understanding the determinants of adverse reactions within this setting is therefore critical for strengthening blood transfusion services and enhancing donor confidence. While immunological mechanisms underlie adverse reactions, non-immunological and contextual factors such as education level may indirectly influence donor behavior, anxiety, and compliance with pre-donation guidelines, which can affect reaction occurrence. The study contributes to the scientific community by exploring under-investigated, potentially modifiable determinants of donor safety within a sub-Saharan African context. This provides complementary evidence to immunological perspectives and supports a more holistic, donor-centered approach to hemovigilance.
This study examines the effects of donors’ education level, ABO/Rhesus blood groups, and donation time on the occurrence of adverse reactions among voluntary blood donors at the Kisumu Regional Blood Transfusion Centre. By focusing on these less explored and potentially modifiable factors, the study contributes to the growing body of evidence on blood donation safety and provides insights that may inform policy development, improve hemovigilance systems, and enhance the overall effectiveness of blood transfusion services in Kenya. 



2. material and methods 

2.1 Study Design
This study adopted a cross-sectional analytical design to assess the relationship between donors’ education level, ABO/Rhesus blood groups, and time of donation with the occurrence of blood donation-related adverse reactions (BDRARs). A cross-sectional approach was considered appropriate as it allows for the assessment of exposure and outcome variables simultaneously within a defined population (Setia, 2016).

2.2 Study Area and Setting
The study was conducted at the Kisumu Regional Blood Transfusion Centre in Kenya, a key facility mandated to collect, process, and distribute safe blood and blood products within the region. The center operates under national blood transfusion service guidelines aligned with global standards for blood safety (WHO, 2023).

2.3 Study Population and Sampling
The study population consisted of voluntary, non-remunerated blood donors who presented for donation during the study period. Eligible participants were those who met the standard criteria for blood donation, including age, weight, hemoglobin levels, and general health status (WHO, 2023). Donors who declined consent or were deferred due to medical conditions were excluded. A total of 542 donors were recruited using a systematic sampling approach to ensure representativeness and minimize selection bias (Etikan & Bala, 2017).

2.4 Data Collection Procedures
Data were collected using a structured questionnaire and standardized hemovigilance reporting forms. Information obtained included socio-demographic characteristics such as age, sex, and education level, as well as donation-related variables including time of donation and donation history. ABO and Rhesus blood group data were extracted from laboratory records. The occurrence of BDRARs was monitored and documented by trained healthcare personnel during and immediately after the donation process. Adverse reactions were classified based on clinical presentation, including dizziness, sweating, nausea, syncope, and hematoma, in accordance with established hemovigilance guidelines (ISBT, 2021).
2.5 Data Analysis
Data were entered, cleaned, and analyzed using the Statistical Package for the Social Sciences (SPSS) version 27. Descriptive statistics, including frequencies and percentages, were used to summarize the data. Inferential statistics were applied to assess associations between independent variables (education level, ABO/Rhesus blood group, and time of donation) and the dependent variable (BDRARs). The Chi-square (χ²) test was used to determine statistical significance, with a p-value of <0.05 considered statistically significant (Kirkwood & Sterne, 2010).

2.6 Ethical Considerations
Ethical approval was obtained from the relevant institutional review board, and permission to conduct the study was granted by the Kisumu Regional Blood Transfusion Centre. Informed consent was obtained from all participants prior to inclusion in the study. Confidentiality and anonymity were maintained throughout the research process in line with ethical standards for biomedical research involving human participants (WHO, 2023).

2.7 Study Limitations
This study was limited to donors at Kisumu Regional Blood Transfusion Centre, and therefore the findings may not be generalized to other blood transfusion centre in Kenya due to differences in donor characteristics, staffing, and operational procedures. In addition, the limited number of donors in some blood groups, especially rare blood groups, may have reduced the ability to detect statistically significant associations. Lastly, since the study was conducted within a limited time frame and in one donation setting, temporal and operational variations that could affect donor reactions may not have been captured.

3. results 

3.1 [bookmark: _Toc226285905]Introduction
This manuscript presents the findings of the study on the effects of donors’ education level, ABO/Rhesus blood groups, and time of donation on adverse reactions among voluntary blood donors at Kisumu Regional Blood Transfusion Centre. Data is presented using tables, charts, and descriptive as well as inferential statistics.
3.2 [bookmark: _Toc226285906]Response Rate
A total of 542 respondents participated in the study. All questionnaires were completely filled and returned, giving a response rate of 100%.
3.3 [bookmark: _Toc226285907]Socio-Demographic Characteristics of Respondents
[bookmark: _Toc226285908]Table 1. Gender Distribution
	Gender
	Frequency (n)
	Percentage (%)

	Male
	302
	55.7

	Female
	240
	44.3

	Total
	542
	100.0


The gender distribution of respondents showed that males constituted 55.7% (n = 302), while females accounted for 44.3% (n = 240).
[bookmark: _Toc226285909]Table 2. Age Distribution of Donors
	Age Group (Years)
	Frequency (n)
	Percentage (%)

	11–20
	352
	64.9

	21–30
	103
	19.0

	31–40
	51
	9.4

	41–50
	28
	5.2

	51–60
	8
	1.5

	Total
	542
	100.0


The age distribution of respondents indicates that the majority of donors were within the younger age categories. Specifically, donors aged 11–20 years constituted 64.9% (n = 352) of the total sample, followed by those aged 21–30 years at 19.0% (n = 103). Participants aged above 40 years represented a relatively small proportion of the study population.

3.3.1 [bookmark: _Toc226285910]Body Weight Distribution
Table 3. Body Weight Distribution of Respondents
	Body Weight (kg)
	Frequency (n)
	Percentage (%)

	41–50
	10
	1.8

	51–60
	129
	23.8

	61–70
	238
	43.9

	71–80
	103
	19.0

	81–90
	39
	7.2

	91–100
	14
	2.6

	Above 100
	8
	1.5

	0–10
	1
	0.2

	Total
	542
	100.0


The distribution of respondents by body weight revealed that the majority fell within the 61–70 kg category, accounting for 43.9% (n = 238). This was followed by donors weighing 51–60 kg (23.8%) and 71–80 kg (19.0%).

3.3.2 [bookmark: _Toc226285911]Number of Previous Donations
Table 4. Number of Previous Donations
	Number of Donations
	Frequency (n)
	Percentage (%)

	0
	467
	86.2

	1
	30
	5.5

	2
	16
	3.0

	3
	8
	1.5

	4
	7
	1.3

	5 and above
	14
	2.5

	Total
	542
	100.0


The analysis of donation history revealed that a substantial proportion of respondents were first-time donors. Specifically, 86.2% (n = 467) reported no previous donations.

3.3.3 [bookmark: _Toc226285912]Level of Education
Table 5 Level of Education of Respondents
	Education Level
	Frequency (n)
	Percentage (%)

	None
	1
	0.2

	Primary
	4
	0.7

	Secondary
	385
	71.0

	Tertiary
	152
	28.0

	Total
	542
	100.0


The majority of respondents had attained secondary education, accounting for 71.0% (n = 385), followed by those with tertiary education at 28.0% (n = 152). Very few respondents had primary or no formal education.




3.4 [bookmark: _Toc226285913]Association Between ABO/Rhesus Blood Groups and Adverse Reactions
[bookmark: _Toc226285914]Table 6. Association Between ABO Blood Group and Occurrence of Adverse Reactions
	ABO Blood Group
	Adverse Reaction (Yes) n (%)
	No Adverse Reaction n (%)
	Total n (%)

	A
	12 (9.5%)
	114 (90.5%)
	126 (23.2%)

	B
	6 (5.0%)
	113 (95.0%)
	119 (22.0%)

	AB
	2 (6.9%)
	27 (93.1%)
	29 (5.4%)

	O
	11 (4.1%)
	257 (95.9%)
	268 (49.4%)

	Total
	31 (5.7%)
	511 (94.3%)
	542 (100%)


A cross-tabulation analysis was conducted to examine the association between ABO blood group and the occurrence of blood donation-related adverse reactions. The results indicate that out of 542 donors, 31 (5.7%) experienced adverse reactions, while the majority (94.3%) did not. Blood group A donors had the highest proportion of adverse reactions (9.5%), whereas blood group O donors had the lowest (4.1%).
A Chi-square test of independence was conducted to determine whether there was a statistically significant association between ABO blood group and the occurrence of blood donation-related adverse reactions.


	Chi-Square Tests

	
	Value
	df
	Asymptotic Significance (2-sided)

	Pearson Chi-Square
	4.854a
	3
	.183

	Likelihood Ratio
	4.453
	3
	.217

	N of Valid Cases
	542
	
	

	a. 1 cells (12.5%) have expected count less than 5. The minimum expected count is 1.66.


The results indicated that there was no statistically significant association between ABO blood group and adverse reactions (χ² (3, N = 542) = 4.854, p = 0.183). The likelihood ratio test similarly showed no significant association (χ² = 4.453, df = 3, p = 0.217), confirming the robustness of the findings.

3.4.1 [bookmark: _Toc226285915]Association Between ABO Blood Group and Type of Adverse Reaction
A further cross-tabulation was performed to evaluate the relationship between ABO blood group and the type of adverse reaction experienced.

Table 7. Association Between ABO Blood Group and Type of Adverse Reaction

	ABO Blood Group
	No Reaction n (%)
	Dizziness/
Lightheadedness
	Fainting (Syncope)
	Sweating
	Hematoma
	Other Combinations
	Total

	A 
	114 (90.5%)
	2 (1.6%)
	2 (1.6%)
	2 (1.6%)
	1 (0.8%)
	5 (4.0%)
	126

	B 
	113 (95.0%)
	0 (0.0%)
	0 (0.0%)
	3 (2.5%)
	1 (0.8%)
	2 (1.7%)
	119

	AB 
	27 (93.1%)
	0 (0.0%)
	0 (0.0%)
	1 (3.4%)
	0 (0.0%)
	1 (3.4%)
	29

	O 
	257 (95.9%)
	2 (0.7%)
	1 (0.4%)
	5 (1.9%)
	1 (0.4%)
	2 (0.7%)
	268

	Total 
	511 (94.3%)
	4 (0.7%)
	3 (0.6%)
	11 (2.0%)
	3 (0.6%)
	10 (1.8%)
	542


Among the recorded reactions, sweating was the most common (2.0%), followed by “other combinations” of symptoms (1.8%), dizziness/lightheadedness (0.7%), fainting/syncope (0.6%), and hematoma formation (0.6%). Blood group O, which constituted the largest proportion of the sample (n=268), also accounted for the highest absolute number of participants with no reaction (95.9%) and had low rates of adverse events overall.
Group A showed slightly higher frequencies of dizziness/lightheadedness and fainting (each 1.6%) compared to other groups, while group B and AB demonstrated very few or no cases of dizziness or syncope. However, given the low event counts across all groups and the relatively small sample size for group AB (n=29), no clear pattern of clinically meaningful differences in adverse reaction profiles across ABO blood groups is evident from the descriptive data.

	Chi-Square Tests

	
	Value
	df
	Asymptotic Significance (2-sided)

	Pearson Chi-Square
	59.873a
	57
	.372

	Likelihood Ratio
	56.283
	57
	.502

	N of Valid Cases
	542
	
	

	a. 76 cells (95.0%) have expected count less than 5. The minimum expected count is .05.


The Chi-square test was used to examine the association between ABO blood group and the type of reaction observed.
The Pearson Chi-Square test showed no statistically significant association between ABO blood group and type of reaction (χ² = 59.873, df = 57, p = 0.372). Similarly, the Likelihood Ratio test also indicated no significant relationship (LR = 56.283, df = 57, p = 0.502). With an alpha level of 0.05, these p-values suggest that any observed differences in reaction patterns across blood groups are likely due to chance rather than a true underlying association.

3.5 [bookmark: _Toc226285916]Association Between Level of Education and Adverse Reactions
3.5.1 [bookmark: _Toc226285917]Association Between Donor’s Level of Education and Occurrence of Adverse Reactions
A cross-tabulation analysis was conducted to examine the relationship between donor’s level of education and the occurrence of blood donation-related adverse reactions among 542 donors. Overall, 31 donors (5.7%) experienced adverse reactions, while 511 (94.3%) did not.

Table 8. Association Between Level of Education and Adverse Reactions

	Level of Education
	Adverse Reaction Yes n (%)
	No Adverse Reaction n (%)
	Total n (%)

	Primary
	0 (0.0%)
	4 (100.0%)
	4 (0.7%)

	Secondary
	24 (6.2%)
	361 (93.8%)
	385 (71.0%)

	Tertiary
	7 (4.6%)
	145 (95.4%)
	152 (28.0%)

	None
	0 (0.0%)
	1 (100.0%)
	1 (0.2%)

	Total
	31 (5.7%)
	511 (94.3%)
	542 (100%)


Secondary education accounted for the majority of participants (n = 385, 71.0%), followed by tertiary education (n = 152, 28.0%), primary education (n = 4, 0.7%), and no formal education (n = 1, 0.2%). Among those who experienced adverse reactions, the majority were from the secondary education group (77.4%), followed by tertiary education (22.6%). No adverse reactions were recorded among donors with primary education or no formal education; however, this is likely due to the very small sample sizes in these categories. Within-group proportions showed that adverse reactions occurred in 6.2% of secondary-level donors and 4.6% of tertiary-level donors, indicating only slight variation across education levels.



	Chi-Square Tests

	
	Value
	df
	Asymptotic Significance (2-sided)

	Pearson Chi-Square
	.842a
	3
	.839

	Likelihood Ratio
	1.146
	3
	.766

	N of Valid Cases
	542
	
	

	a. 4 cells (50.0%) have expected count less than 5. The minimum expected count is .06.


A Chi-square test of independence was conducted to determine whether there was a statistically significant association between level of education and occurrence of adverse reactions. The results showed no statistically significant association between level of education and adverse reactions (χ²(3, N = 542) = 0.842, p = 0.839). The likelihood ratio test also confirmed this finding (p = 0.766). 

3.5.2 [bookmark: _Toc226285918]Association Between Donor’s Level of Education and Type of Adverse Reaction
A further cross-tabulation was performed to determine whether donor’s level of education was associated with the type of adverse reaction experienced.

Table 9. Association Between Donor’s Level of Education and Type of Adverse Reaction


	Donor’s Level of Education
	No Reaction n (%)
	Dizziness/Lightheadedness
	Fainting (Syncope)
	Sweating
	Hematoma
	Other Combinations
	Total

	Primary
	4 (100.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	4

	Secondary
	361 (93.8%)
	7 (1.8%)
	0 (0.0%)
	3 (0.8%)
	3 (0.8%)
	11 (2.9%)
	385

	Tertiary
	145 (95.4%)
	1 (0.7%)
	2 (1.3%)
	0 (0.0%)
	0 (0.0%)
	4 (2.6%)
	152

	None
	1 (100.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	1

	Total
	511(94.3)
	      8 (1.5%)
	2 (0.4%)
	3 (0.6%)
	3 (0.6%)
	15 (2.8%)
	542




Among the 542 donors, the majority (94.3%) did not experience any adverse reaction. Secondary education donors constituted the largest proportion of the sample (n = 385, 71.0%), followed by tertiary education (n = 152, 28.0%), while primary (n = 4, 0.7%) and no formal education (n = 1, 0.2%) groups were minimally represented.
Dizziness/lightheadedness was the most frequently reported reaction (1.5%), followed by “other combinations” of symptoms (2.8%), sweating (0.6%), hematoma (0.6%), and fainting (0.4%). Secondary education donors accounted for most of the recorded adverse events due to their larger sample size, including dizziness (1.8%), sweating (0.8%), hematoma (0.8%), and combined symptom presentations (2.9%). Tertiary education donors showed few isolated cases of dizziness (0.7%), fainting (1.3%), and mixed symptoms (2.6%), while primary and no-formal-education groups had no observed variation due to extremely small sample sizes.


	Chi-Square Tests

	
	Value
	df
	Asymptotic Significance (2-sided)

	Pearson Chi-Square
	22.822a
	57
	1.000

	Likelihood Ratio
	28.719
	57
	.999

	N of Valid Cases
	542
	
	

	a. 78 cells (97.5%) have expected count less than 5. The minimum expected count is .00.



A Chi-square test of independence was conducted to assess whether there was a statistically significant association between donor’s level of education and the type of adverse reaction experienced following blood donation. The results showed no statistically significant association between donor’s level of education and the type of adverse reaction experienced (χ²(57, N = 542) = 22.822, p = 1.000). The likelihood ratio test similarly confirmed the absence of a significant relationship (p = 0.999).

3.6 Association Between ABO/Rhesus Blood Group and Adverse Reactions
[bookmark: _Toc226285919]4.5.1 Association Between Rhesus (Rh) Blood Group and Adverse Reactions
A cross-tabulation analysis was conducted to examine the relationship between Rhesus (Rh) blood group and the occurrence of blood donation-related adverse reactions among 542 donors.

Table 10. Association Between ABO/Rhesus Blood Group and Adverse Reactions

	Rhesus Blood Group
	Adverse Reaction Yes n (%)
	No Adverse Reaction n (%)
	Total n (%)

	Positive
	31 (5.9%)
	496 (94.1%)
	527 (97.2%)

	Negative
	0 (0.0%)
	15 (100.0%)
	15 (2.8%)

	Total
	31 (5.7%)
	511 (94.3%)
	542 (100%)


The results show that the majority of donors were Rh positive (97.2%), while only a small proportion were Rh negative (2.8%). Among Rh-positive donors, 5.9% experienced adverse reactions, whereas no adverse reactions were recorded among Rh-negative donors. 
	Test
	Value
	df
	Asymptotic Significance (2-sided)

	Pearson Chi-Square
	0.936
	1
	0.333

	Continuity Correction
	0.163
	1
	0.687

	Likelihood Ratio
	1.793
	1
	0.181

	Fisher’s Exact Test
	
	
	1.000 (2-sided), 0.408 (1-sided)

	N of Valid Cases
	542
	
	



A Chi-square test of independence was performed to determine whether there was a statistically significant association between Rh blood group and adverse reactions. The Pearson Chi-square test indicated no statistically significant association between Rh blood group and adverse reactions (χ²(1, N = 542) = 0.936, p = 0.333). This was supported by the likelihood ratio test (p = 0.181) and Fisher’s Exact Test (p = 1.000, two-sided), which is more appropriate given that 25% of cells had expected counts less than 5.

4.5.2 [bookmark: _Toc226285920]Association Between Rhesus (Rh) Blood Group and Type of Adverse Reaction
A cross-tabulation analysis was conducted to examine the relationship between Rhesus (Rh) blood group and the type of adverse reaction experienced following blood donation.


Table 11. Association Between Rhesus (Rh) Blood Group and Type of Adverse Reaction



	Rhesus Blood Group
	No Reaction n (%)
	Dizziness / Lightheadedness
	Fainting (Syncope)
	Sweating
	Hematoma
	Other Combinations
	Total

	Positive
	496 (94.1%)
	10 (1.9%)
	3 (0.6%)
	10 (1.9%)
	3 (0.6%)
	5 (0.9%)
	527

	Negative
	15 (100.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	15

	Total
	511 (94.3%)
	10 (1.8%)
	3 (0.6%)
	10 (1.8%)
	3 (0.6%)
	5 (0.9%)
	542



The most frequently observed reaction category overall was no reaction (94.3%). Among Rh-positive donors, small proportions of isolated and combined symptoms were observed, including dizziness (0.2%), sweating (0.6%–0.9%), fainting (0.4%), hematoma (0.2%–0.4%), and mixed symptom presentations (0.2%–0.8%). However, these occurrences were rare and widely dispersed across categories. Rh-negative donors showed no variation in reaction types, with all participants reporting no adverse reaction.

	Chi-Square Tests

	
	Value
	df
	Asymptotic Significance (2-sided)

	Pearson Chi-Square
	.936a
	19
	1.000

	Likelihood Ratio
	1.793
	19
	1.000

	N of Valid Cases
	542
	
	

	a. 38 cells (95.0%) have expected count less than 5. The minimum expected count is .03.



A Chi-square test was performed to assess statistical significance of the association. The results indicated no statistically significant association between Rh blood group and type of adverse reaction (χ²(19, N = 542) = 0.936, p = 1.000). The likelihood ratio test similarly confirmed no significant relationship (p = 1.000). However, 95.0% of cells had expected counts less than 5, with a minimum expected count of 0.03, indicating a severe violation of Chi-square assumptions. Therefore, the validity of the test is limited, and the results should be interpreted with caution.

4.6 [bookmark: _Toc226285921]Association Between Time of Donation and Adverse Reactions
[bookmark: _Toc226285922]4.6.1 Association Between Time of Donation and Occurrence of Adverse Reactions
A crosstabulation analysis was conducted to determine whether the time of blood donation was associated with the occurrence of adverse reactions among donors.
Table 12. Association Between Time of Donation and Occurrence of Adverse Reactions
	Donation Time
	No Adverse Reaction n (%)
	Adverse Reaction n (%)
	Total

	0900–1100 hrs
	48 (92.3%)
	4 (7.7%)
	52

	1101–1300 hrs
	120 (94.5%)
	7 (5.5%)
	127

	1301–1500 hrs
	136 (93.2%)
	10 (6.8%)
	146

	1501–1700 hrs
	206 (95.4%)
	10 (4.6%)
	216

	Beyond 1700 hrs
	1 (100.0%)
	0 (0.0%)
	1

	Total
	511 (94.3%)
	31 (5.7%)
	542


The results show that the majority of donors across all time periods did not experience adverse reactions (94.3% overall). The proportion of adverse reactions varied slightly across time intervals, ranging from 4.6% in the 1501–1700 hrs period to 7.7% in the 0900–1100 hrs period. The highest number of adverse reactions was observed in the 1301–1500 hrs and 1501–1700 hrs periods (10 cases each), but these differences reflect the larger number of donors in those time slots rather than a clear increase in risk. The single donor recorded beyond 1700 hrs reported no adverse reaction.


	Chi-Square Tests

	
	Value
	df
	Asymptotic Significance (2-sided)

	Pearson Chi-Square
	1.268a
	4
	.867

	Likelihood Ratio
	1.302
	4
	.861

	N of Valid Cases
	542
	
	

	a. 3 cells (30.0%) have expected count less than 5. The minimum expected count is .06.



A Chi-square test of independence was performed to determine whether there was a significant association between the time of blood donation and the occurrence of adverse reactions. The results showed no statistically significant association between donation time and adverse reaction occurrence (χ²(4, N = 542) = 1.268, p = 0.867). The likelihood ratio test also confirmed the absence of a significant relationship (p = 0.861). This indicates that the occurrence of adverse reactions is independent of the time at which donation took place.


4.6.2 [bookmark: _Toc226285923]Association Between Time of Donation and Type of Adverse Reaction 
A cross-tabulation analysis was conducted to examine whether the time of blood donation was associated with the type of adverse reaction experienced among donors.

Table 13. Association Between Time of Donation and Type of Adverse Reaction
	Donation Time
	No Reaction n (%)
	Dizziness / Lightheadedness
	Fainting (Syncope)
	Sweating
	Hematoma
	Other Combinations
	Total

	0900–1100 hrs
	48 (92.3%)
	0 (0.0%)
	2 (3.8%)
	0 (0.0%)
	0 (0.0%)
	2 (3.9%)
	52

	1101–1300 hrs
	120 (94.5%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	7 (5.5%)
	127

	1301–1500 hrs
	136 (93.2%)
	2 (1.4%)
	1 (0.7%)
	3 (2.1%)
	1 (0.7%)
	3 (2.1%)
	146

	1501–1700 hrs
	206 (95.4%)
	0 (0.0%)
	1 (0.5%)
	3 (1.4%)
	2 (0.9%)
	4 (1.8%)
	216

	Beyond 1700 hrs
	1 (100.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	1

	Total
	511 (94.3%)
	2 (0.4%)
	4 (0.7%)
	6 (1.1%)
	3 (0.6%)
	16 (3.0%)
	542


The findings show that most donors (94.3%) did not experience any adverse reaction across all donation time periods. The distribution of specific adverse reactions such as dizziness, fainting, sweating, and hematoma was very low and scattered across all time categories without a consistent pattern. The 1501-1700 hrs and 1301-1500 hrs periods recorded slightly more varied adverse reaction types; however, these differences reflect the larger number of donors in these time slots rather than a meaningful increase in risk. The early morning period (0900–1100 hrs) showed isolated cases of fainting and combined reactions, while the remaining periods showed minimal or no variation in reaction types.

	Chi-Square Tests

	
	Value
	df
	Asymptotic Significance (2-sided)

	Pearson Chi-Square
	78.670a
	76
	.394

	Likelihood Ratio
	66.999
	76
	.760

	N of Valid Cases
	542
	
	

	a. 96 cells (96.0%) have expected count less than 5. The minimum expected count is .00.


A Chi-square test of independence was conducted to determine whether there was a statistically significant association between the time of blood donation and the type of adverse reaction experienced among donors.
The results showed no statistically significant association between donation time and type of adverse reaction (χ²(76, N = 542) = 78.670, p = 0.394). The likelihood ratio test also confirmed the absence of a significant relationship (p = 0.760). This indicates that the type of adverse reaction experienced is independent of the time of donation.

4. DISCUSSION
This study assessed the influence of donors’ education level, ABO/Rhesus blood groups, and donation timing on the occurrence of blood donation-related adverse reactions (BDRARs) among voluntary donors at the Kisumu Regional Blood Transfusion Centre. The overall prevalence of BDRARs was 5.7%, indicating that blood donation is generally a safe procedure. This finding aligns with global reports, which estimate the incidence of BDRARs among whole blood donors to range between 2% and 8% (WHO, 2023; Goldman et al., 2023). The low prevalence observed in this study reflects the effectiveness of current donor selection procedures, pre-donation screening, and monitoring practices employed at the center, emphasizing that adherence to international safety standards can substantially mitigate the risk of complications.
The most frequently reported adverse reactions were sweating and dizziness, which are classic signs of vasovagal responses. Vasovagal reactions are triggered by transient hypotension or bradycardia in response to anxiety, pain, or the sight of blood, and have been consistently reported as the most common complications during blood donation (Newman, 2022; Veldhuizen et al., 2023). Although such reactions are typically mild and self-limiting, their occurrence can negatively impact donor experience and willingness to return for subsequent donations (Brunson et al., 2022). This underscores the importance of continuous donor education, supportive staff presence, and reassurance during donation to reduce anxiety and prevent vasovagal reactions, particularly among first-time donors who may be unfamiliar with the donation process.
The study explored whether ABO blood group influenced the likelihood of experiencing adverse reactions. Donors with blood group A recorded a slightly higher proportion of reactions compared to other blood groups, while group O donors had the lowest proportion. However, the association was not statistically significant, consistent with recent findings suggesting that ABO blood group is not a reliable predictor of donor adverse reactions (Schreiber et al., 2021; Goldman et al., 2023). Likewise, Rhesus status did not demonstrate any significant relationship with BDRARs, indicating that immunohematological characteristics have limited clinical relevance in predicting adverse donor outcomes. These results suggest that routine blood group screening may not provide actionable insights for donor risk stratification regarding adverse reactions.
Donors’ education level was also examined as a potential determinant of adverse reactions. Slightly higher rates were observed among donors with secondary education compared to those with tertiary education, but this difference was not statistically significant. Education has been hypothesized to influence donor behavior by affecting awareness, anxiety levels, and compliance with pre-donation guidelines (Tagny et al., 2022). The absence of a significant association in this study suggests that education alone may not strongly predict BDRARs, and that physiological, psychological, and environmental factors may play a more central role in influencing donor reactions.
The timing of donation was considered as a potential modifiable factor. Although slightly more reactions occurred during morning donation sessions, the difference was not statistically significant. Prior studies have suggested that factors such as hydration status, fasting, circadian rhythms, and donor fatigue can influence susceptibility to vasovagal events (Wang et al., 2019; Newman, 2022). The findings from this study indicate that donation time in isolation may not be a reliable predictor of adverse reactions, highlighting the multifactorial nature of donor responses.
An important observation in this study was that first-time donors constituted the majority of participants. Literature consistently reports that first-time donors are at higher risk of BDRARs due to anxiety, unfamiliarity with the procedure, and physiological factors such as lower blood volume or lower body mass index (Veldhuizen et al., 2023; Goldman et al., 2023). Although not the primary focus of this research, this factor likely contributed to some of the adverse reactions observed and underscores the need for targeted interventions aimed at supporting first-time donors.
Overall, the findings suggest that while BDRARs occur at a relatively low frequency, the studied variables; education level, ABO/Rhesus blood group, and donation time, do not significantly predict their occurrence. This highlights the need to explore additional determinants, including donor anxiety, hydration status, body mass index, previous donation experience, and procedural factors such as phlebotomy technique. Strengthening hemovigilance systems, implementing donor-centered care strategies, and providing education and reassurance during donation remain critical for minimizing adverse reactions, improving donor satisfaction, and enhancing retention. These measures are essential for sustaining a safe and reliable blood supply in Kenya and across sub-Saharan Africa.

5. Conclusion
This study demonstrates that blood donation is generally safe, with a low prevalence of adverse reactions among voluntary donors at the Kisumu Regional Blood Transfusion Centre. Education level, ABO/Rhesus blood group, and donation time were not significant predictors of adverse reactions. The findings highlight the importance of donor-centered care, hemovigilance, and targeted support for first-time donors to enhance safety, satisfaction, and retention, ultimately strengthening the blood transfusion system in Kenya.

Definitions, Acronyms, Abbreviations

BDRARs: Blood Donation-Related Adverse Reactions; BMI: Body Mass Index; DBP: Diastolic Blood Pressure; EBV: Estimated Blood Volume; FFP: Fresh Frozen Plasma; HB: Hemoglobin level; KMLTTB: Kenya Medical Laboratory Technicians and Technologist Board; MOH: Ministry of Health; NACOSTI: National Commission for Science, Technology and Innovation; PDMP: Plasma Derived Medicinal products; RBTC: Regional Blood Transfusion Centers; SBP: Systolic Blood Pressure; SPSS: Statistical Package for Social Sciences; TIVET:Technical Industrial Vocational and Entrepreneurship Training;TTIs:Transfusion-Transmissible Infections; TVET: Technical and Vocational Education and Training; WHO: World Health Organization.
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