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Abstract

Background: Blood group antigens have been implicated in susceptibility to various diseases and clinical outcomes. Variations in ABO and Rhesus
(Rh) blood groups may influence disease prevalence, transfusion compatibility, and pregnancy outcomes. Despite the clinical relevance, data on the
relationship between blood group variations and health outcomes in Abia State, Nigeria, remain limited. This study assessed the distribution of ABO
and Rh blood groups and examined their associations with selected health outcomes among patients at Federal Medical Centre, Umuahia, Abia State,
Nigeria.

Materials and Methods: A hospital-based descriptive cross-sectional study was conducted among 421 adult patients selected via systematic ran-
dom sampling. Data were obtained through structured interviewer-administered questionnaires and review of clinical records. ABO and Rh blood
groups were determined using standard agglutination techniques. Health outcomes assessed included malaria, anemia, hypertension, type 2 di-
abetes mellitus, and pregnancy-related complications. Data were analyzed using IBM SPSS version 26.0. Chi-square tests evaluated associations
between categorical variables, while logistic regression controlled for confounders. Statistical significance was set at p < 0.05.

Results: The most prevalent ABO blood group was 0 (53.68%), followed by A (23.27%), B (17.57%), and AB (5.46%). Rh positivity was observed in
89.07% of participants. Significant associations were found between blood group and malaria (x* = 9.84, p = 0.020), anemia (x* = 12.67, p = 0.005),
and pregnancy-related complications (x? = 8.43, p = 0.038). No statistically significant associations were observed with hypertension (p = 0.232) or
type 2 diabetes mellitus (p = 0.106). Mean hemoglobin concentration was 12.48 + 1.26 g/dL, and mean BMI was 25.76 + 4.19 kg/m?.

Conclusion: Blood group variations, particularly in the ABO system, showed significant associations with malaria, anemia, and adverse pregnancy
outcomes in this population. These findings underscore the potential role of blood group typing in risk stratification and preventive health strategies.
Further longitudinal studies are warranted to elucidate underlying mechanisms.
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Introduction

Human blood group systems, especially the ABO and Rhesus
(Rh) systems, represent fundamental inherited markers that influ-
ence transfusion compatibility, maternal-fetal haemolytic risk, and
arange of disease susceptibilities [1]. The ABO system is defined by
carbohydrate antigens on erythrocyte surfaces that differ between
A, B, AB and O phenotypes, while the Rhesus system (principally
the D antigen) determines Rh-positive or Rh-negative status. These
antigenic differences matter clinically because they determine
which blood can be safely transfused, the likelihood of Hemolytic
Disease of the Newborn (HDN), and they also modulate circulat-
ing plasma proteins such as von Willebrand factor and factor VIII
that influence haemostasis. Understanding the distribution of these
blood groups in a given population is therefore a prerequisite for
effective blood-banking, antenatal care and planning for maternal
and neonatal services [2,3].

Beyond transfusion and obstetric implications, an expanding
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body of epidemiologic and mechanistic research links ABO (and,
to a lesser extent, Rh) phenotypes with susceptibility to infectious
diseases, thrombotic and cardiovascular disorders, and certain
cancer risks. For example, multiple studies and systematic reviews
have shown that non-0 blood groups (A, B, AB) are often associat-
ed with higher levels of von Willebrand factor and factor VIII and
an increased risk of venous thromboembolism and some arterial
events relative to group O. Similarly, meta-analyses and large obser-
vational studies have reported associations between ABO pheno-
types and susceptibility or severity for infections such as Plasmo-
dium falciparum malaria and viral infections including SARS-CoV-2
(COVID-19), with group O frequently appearing relatively protec-
tive in several settings and group A (or non-0) showing higher rel-
ative risk in some reports. These biological and epidemiologic links
give plausibility to the hypothesis that blood group variation can
influence a range of measurable health outcomes at both the indi-
vidual and population level [4,5] (Figure 1).

B Rh factor

oL
o0

A Aantigen
A antigen

Figure 1: The Eight Blood types when ABO and Rh Systems are in Combination.

In the Nigerian context, and West Africa more broadly, several
hospital and community studies have documented that blood group
0 is commonly the predominant ABO phenotype, with A and B less
frequent and AB least frequent; Rh D negativity is present but at
substantially lower frequencies than in European populations. Lo-
cal studies from tertiary and university settings have recorded this
0O-dominant pattern repeatedly, which has direct implications for
managing local blood supplies (for example, demand for group O
is high and shortages of specific non-O or Rh-negative stocks can
be problematic). The specific distribution in communities around
Abia State and within health-care seekers at Umuahia is there-
fore important to document: such local frequency data will inform
blood-bank stocking, antenatal antibody screening strategies, and
preparedness for HDN or transfusion-dependent clinical services
at Federal Medical Centre, Umuahia [6].

Several Nigerian studies have specifically explored relation-
ships between ABO/Rh phenotypes and local health challenges. For
infectious diseases, research in Nigeria and nearby countries sug

gests ABO phenotype differences in susceptibility and severity of
malaria: some studies find higher risk or severe disease in groups
A/B/AB and relative protection in group O, consistent with mecha-
nistic work on resetting and erythrocyte-parasite interactions. Oth-
er parasitic or enteric infections have produced mixed results, so lo-
cal, disease-specific inquiry remains necessary. For maternal-child
health, Nigerian antenatal series show a measurable prevalence of
Rh D negativity and report occurrences of ABO-related HDN; local
prevalence estimates help predict the burden of alloimmunization
and guide antenatal prophylaxis and resource allocation. Collecting
contemporaneous, hospital-based data in Umuahia therefore ad-
dresses an actionable gap: how current blood group patterns map
onto infectious disease burden, pregnancy outcomes, transfusion
use and other clinical endpoints in Abia State [7,8].

Cardiometabolic associations are a further reason to study
blood groups locally. Evidence from African and global cohorts
indicate non-O phenotypes may be associated with adverse lipid
profiles, higher levels of clotting factors, and modestly increased
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cardiovascular risk; however, findings are heterogeneous and many
studies are small or regionally limited. Given rising cardiovascu-
lar Disease (CVD) burdens in Nigeria, exploring whether ABO/Rh
phenotypes correlate with CVD risk factors or outcomes among
patients attending Federal Medical Centre, Umuahia could reveal
locally relevant risk stratification insights or generate hypotheses
for larger prospective work. Because genetic background, environ-
mental exposures, and comorbidity patterns differ across popula-
tions, locally derived evidence is essential rather than extrapolating
solely from non-African cohorts [9,10].

Operationally, a focused study at Federal Medical Centre, Umua-
hia can produce multiple practical benefits. First, it can establish
up-to-date ABO and Rh frequency tables for the hospital catch-
ment to support blood-bank inventory management, emergency
transfusion planning and targeted donor recruitment. Second, by
linking blood group data to clinical records (for example, diagno-
ses, transfusion events, maternal and neonatal outcomes, infectious
disease severity, and selected laboratory markers), the study can
empirically assess whether the associations suggested by broader
literature hold in this setting. Third, such evidence can inform an-
tenatal screening policies (e.g., allocation for Rh immune prophy-
laxis), transfusion protocols, and public-health messaging about
disease risk. Finally, the study will add to Nigeria’s epidemiologic
knowledge base and can act as a foundation for longitudinal or
interventional studies (for example, examining whether targeted
management changes based on blood group status improve out-
comes) [4,6]. ABO and Rh blood group systems are clinically and
biologically significant beyond transfusion compatibility; they are
implicated in infectious disease susceptibility, haemostatic balance
and cardiovascular risk, and they have direct obstetric consequenc-
es. Nigeria’s existing but geographically fragmented evidence sug-
gests common regional patterns (predominance of group O, low
but important Rh D negativity) and disease-specific associations
that merit local verification. A rigorous, hospital-based investiga-
tion in Umuahia will therefore produce both practical health-sys-
tem benefits and generalizable epidemiologic insights about how
inherited blood group variation impacts health outcomes in Abia
State [11,12].

Materials And Methods
Study Design

This study employed a hospital-based descriptive cross-sec-
tional design to investigate the association between ABO and
Rhesus (Rh) blood group variations and selected health outcomes
among patients attending Federal Medical Centre, Umuahia, Nige-
ria. The cross-sectional approach was deemed appropriate for as-
sessing the prevalence of blood group types and evaluating their
relationship with various disease conditions within a defined pop-
ulation at a specific point in time.

Study Setting

The research was conducted at Federal Medical Centre (FMC),
Umuahia in Abia State, Nigeria. FMC Umuabhia is a tertiary health-
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care facility and referral center for surrounding communities in
Abia State and neighboring states. It provides a wide range of di-
agnostic, preventive, and curative services, and houses specialized
departments such as Hematology, Internal Medicine, Surgery, Ob-
stetrics and Gynecology, and Pediatrics. The hospital also operates
a fully functional blood bank and hematology laboratory where
routine blood grouping is performed. The hospital’s average pa-
tient attendance ranges from 150-300 outpatients daily, with a
catchment population representing diverse ethnic and socio-eco-
nomic backgrounds.

Study Population

The study population comprised patients aged 18 years and
above who attended Federal Medical Centre, Umuahia for routine
clinical care, laboratory investigations, blood donation, or medical
check-up, and whose ABO and Rh blood group profiles had been
determined in the hospital’s hematology laboratory. Participants
with documented medical histories were included to allow for eval-
uation of the relationship between blood group types and selected
health outcomes.

Inclusion Criteria
Participants were eligible if they:
1) Were aged 218 years.

2) Had documented ABO and Rh blood group results from the
Federal Medical Centre, Umuahia Hematology Laboratory.

3) Provided written informed consent to participate in the study.

4) Had accessible clinical records for relevant health outcome as-
sessment.

Exclusion Criteria
Participants were excluded if they:
1) Were below 18 years of age.
2) Hadincomplete or missing laboratory data on blood grouping.
3) Declined to participate in the study.

4) Had inconclusive or contradictory medical records that could
affect health outcome analysis.

Sample Size Determination

The sample size was calculated based on Cochran’s formula for
population proportion estimation, following the methodology de-
scribed by Ezebuiro et al. [13]:

The formula components are defined as follows:

n = represents the minimum required sample size.
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Z=is setat 1.96, corresponding to a 95% confidence level.

P = denotes the prevalence of the most common blood
group in Nigeria.

e = signifies the allowable margin of error, fixed at 5%
(0.05).

q=1-p
A recent study conducted by Akogu et al. [14] reports the prev-

alence of the most common blood group (blood group 0O) in Nigeria
as 53.6%

P =53.6% = 0.536
q=1-0.536

=0.464
~(1.96)7(0.536x0.464)
(0.05)"

| 3.8416 x(0.2487)

0.0025
n= 0.9554 =382.17
0.0025

Although the initially calculated minimum sample size was 382,
it was increased to 421 to accommodate an anticipated 10% rate of
non-response.

Sampling Technique

A systematic random sampling technique was employed. Daily
laboratory registers at Federal Medical Centre, Umuahia were used
as the sampling frame, and every 3rd eligible participant was se-
lected until the required sample size was achieved. The sampling
interval (3) was determined by dividing the average daily number
of eligible patients by the daily recruitment target as described by
Akwuruoha et al. [15].

Data Collection Instruments and Procedure

Data were collected using a structured interviewer-adminis-
tered questionnaire and a data extraction sheet. The questionnaire
captured:

1) Socio-demographic data (age, sex, ethnicity, occupation, edu-
cation level).

2) Lifestyle factors (smoking, alcohol consumption, physical ac-
tivity).

3) Medical history (family history of chronic diseases, previous
hospitalizations).

4) Self-reported health status.
The data extraction sheet was used to obtain:

1) ABO and Rh blood group results from laboratory records.
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2) Clinical diagnoses from patient case files.

3) Relevant laboratory results (e.g, hemoglobin levels, fasting
blood glucose, lipid profile).

4) Hospital outcome data (e.g., morbidity patterns, transfusion
history, pregnancy-related outcomes for female patients).

Blood grouping and Rh typing were conducted by qualified lab-
oratory scientists using standard agglutination methods with com-
mercially prepared monoclonal antisera (anti-A, anti-B, and anti-D)
following WHO-recommended procedures.

Health Outcomes Assessed
Health outcomes examined included:

1) Incidence of malaria (based on laboratory-confirmed Plasmo-
dium falciparum infection).

2) Prevalence of anemia (based on WHO hemoglobin thresholds).

3) Occurrence of hypertension (BP 2140/90 mmHg or document-
ed diagnosis).

4) Prevalence of type 2 diabetes mellitus (FPG 7.0 mmol/L or
documented diagnosis).

5) Maternal outcomes among obstetric patients (e.g., pregnan-
cy-induced hypertension, haemorrhage, and neonatal out-
comes).

Quality Control
To ensure data accuracy:
1) Data collectors were trained prior to fieldwork.

2) Blood group determination was performed in duplicate for all
participants.

3) Questionnaires were pre-tested on 20 patients at a different
health facility (Umuahia General Hospital) and modified based
on feedback.

4) Completed questionnaires and extraction sheets were re-
viewed daily by the principal investigator for completeness.

Ethical Considerations

Written informed consent was obtained from all participants
after explaining the study objectives, procedures, and confidentiali-
ty measures. Participants were informed of their right to withdraw
at any stage without any consequence to their medical care. All col-
lected data were coded to protect participant identity.

Data Management and Statistical Analysis

Data were entered into IBM SPSS Statistics version 26.0 for
analysis. Descriptive statistics (frequencies, percentages, means,
and standard deviations) were computed for socio-demographic
variables, blood group distributions, and health outcomes. The Chi-
square test was used to assess associations between blood group
types and categorical health outcomes, while independent samples
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t-test or ANOVA was used for continuous variables where applica-
ble. Logistic regression models were applied to control for potential
confounders (age, sex, lifestyle factors) in determining the associa-
tion between blood group variations and specific health outcomes.
Statistical significance was set at p < 0.05.

Results

The study included 421 participants, with the largest propor-
tion aged 28-37 years (29.93%), followed by those aged 38-47
years (23.99%). Females constituted 55.11% of the sample. The
majority were of Igbo ethnicity (79.81%) and had attained tertiary
education (52.73%) (Table 1).

Table 1: Socio-demographic Characteristics of Participants.

Variable Frequency (n =421) Percentage (%)
Age Group (years)
18-27 87 20.66
28-37 126 29.93
38-47 101 23.99
48-57 62 14.73
>58 45 10.69
Sex
Male 189 44.89
Female 232 55.11
Ethnicity
Igbo 336 79.81
Yoruba 39 9.26
Hausa 28 6.65
Others 18 4.28
Education Level
Primary 41 9.74
Secondary 124 29.45
Tertiary 222 52.73
No formal education 34 8.08

The most prevalent ABO blood group was O (53.68%), followed
by A (23.27%),B (17.57%), and AB (5.46%). Most participants were
Rhesus positive (89.07%) (Table 2). Regarding lifestyle factors, the
average frequency of physical activity per week was moderate (3.12
+ 1.08), with relatively low alcohol consumption (2.64 + 1.21) and
cigarette smoking (1.42 * 0.88). Participants self-rated their diet
quality at 3.48 + 0.97 and sleep quality at 3.22 + 1.15 (Table 3).

Table 2: Distribution of ABO and Rh Blood Groups.

Variable Frequency (n =421) Percentage (%)
ABO Group
0 226 53.68
A 98 23.27
B 74 17.57
AB 23 5.46
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Rhesus Factor
Positive (Rh*) 375 89.07
Negative (Rh-) 46 10.93
Table 3: Lifestyle Factors (5-Point Likert Scale).
Variable Mean * SD
Frequency of physical activity/ 312 +1.08
week

Level of alcohol consumption 2.64+1.21

Cigarette smoking frequency 1.42 £0.88

Diet quality (self-rated) 3.48+0.97

Sleep quality (self-rated) 3.22+1.15

Malaria (43.71%) and anemia (31.35%) were the most com-
mon health outcomes, followed by hypertension (23.04%), type 2
diabetes mellitus (14.73%), and pregnancy-related complications
(23.28% among females) (Table 4). The mean hemoglobin concen-
tration was 12.48 + 1.26 g/dL, fasting blood glucose 5.72 + 1.18
mmol/L, systolic blood pressure 126.38 + 14.55 mmHg, diastolic
blood pressure 82.47 + 9.88 mmHg, and BMI 25.76 + 4.19 kg/m?
(Table 5).

Table 4: Prevalence of Health Outcomes by Blood Group

Health Outcome Frequency (n) Percentage (%)
Malaria 184 43.71
Anaemia 132 31.35
Hypertension 97 23.04
Type 2 Diabetes
Mellitus 62 1473
Pregnan_cy-t.'elated 54 23.28
complications*
*Among female obstetric patients only (n = 232)
Table 5: Selected Clinical Parameters.
Parameter Mean * SD
Hemoglobin concentration (g/dL) 12.48+1.26
Fasting blood glucose (mmol/L) 5.72+1.18
Systolic BP (mmHg) 126.38 + 14.55
Diastolic BP (mmHg) 82.47 £9.88
BMI (kg/m?) 25.76 +4.19

Statistically significant associations were observed between
blood group and malaria (p = 0.020), anemia (p = 0.005), and preg-
nancy complications (p = 0.038), but not with hypertension (p =
0.232) or type 2 diabetes mellitus (p = 0.106) (Table 6). Correla-
tion analysis revealed that age was positively associated with BM],
systolic blood pressure, diastolic blood pressure, and fasting blood
glucose, but negatively correlated with hemoglobin concentration.
BMI was positively associated with blood pressure measures, while
hemoglobin showed weak negative correlations with most param-
eters (Table 7).
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Table 6: Association Between Blood Group and Health Out-
comes (n =421).

Health Out- v df e
come
Malaria 9.84 3 0.020*
Anemia 12.67 3 0.005*
Hypertension 4.29 3 0.232
Type 2 Diabetes
Mellitus 6.11 3 0.106
Pregnancy com- 8.43 3 0.038*
plications

*p < 0.05 indicates statistical significance

Table 7: Pearson Correlation Matrix of Selected Continuous
Variables.

V‘;La' Age BMI SBP DBP FBG Hb
Age 1 0216* | 0.394* | 0.312* | 0.284* | -0.165*
BMI | 0.216* 1 0278* | 0.201* | 0.145* | -0.089
SBP | 0.394* | 0.278* 1 0.488* | 0.198* | -0.112
DBP | 0.312% | 0.201* | 0.488* 1 0.142% | -0.074
FBG | 0.284* | 0.145% | 0.198* | 0.142* 1 -0.102
Hb | -0.165% | -0.089 | -0.112 | -0.074 | -0.102 1

*Correlation significant at p < 0.05

Discussion

The present study investigating blood group variations and as-
sociated health outcomes among 421 participants at Federal Medi-
cal Centre, Umuahia reveals a distribution that aligns with broader
Nigerian and regional trends. We observed that blood group O was
the most prevalent (53.68%), followed by A (23.27%), B (17.57%),
and AB (5.46%). This mirrors national patterns, where O consis-
tently emerges as the dominant blood group, with AB being least
common, as documented across Nigeria’s geopolitical zones, in-
cluding the South-South region, by Enosolease and Bazuaye [16],
Falusi et al. [17], Nwauche & Ejele [18], and Ejele et al. [19].

Our cohort also exhibited high Rh positivity (89.07%), consis-
tent with other African contexts where Rh-positive status domi-
nates the population, a trend repeatedly confirmed in transfusion
medicine studies [20-22]. Regarding associations with infectious
and non-communicable conditions, our findings demonstrate sig-
nificant relationships between blood group and several outcomes.
Notably, associations were statistically significant (p < 0.05) for
malaria, anemia, and pregnancy-related complications, but not for
hypertension or type 2 diabetes mellitus.

The link we observed between blood group and malaria/ane-
mia is well supported in the literature. Studies from Taraba State
and other parts of Nigeria have reported that individuals with
blood group A and B are more susceptible to malaria, while blood
group O may confer some protection-a phenomenon attributed
to reduced rosette formation and cytoadherence in group O cells
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[23,24]. A study from Bayelsa State further found that, although
group O harbored more parasites, the relationship was not statis-
tically significant, highlighting the complex interplay between host
blood groups and malaria infection [25]. Our significant association
between blood group and malaria aligns with these findings and
possibly reflects the endemic environment in Abia State.

Concerning pregnancy-related complications, our study re-
vealed a significant association (x* = 8.43; p = 0.038). The litera-
ture presents a nuanced picture: some studies, including a cohort
in Abuja, reported increased susceptibility among AB individuals to
gestational hypertensive disorders [26], while national meta-anal-
yses show inconsistent results-some linking non-O groups with
higher risk of preeclampsia but others finding no clear association
[27,28]. A recent meta-analysis concluded that blood group O may
have a protective role in preeclampsia, whereas AB may elevate risk
[28]. These patterns resonate with our findings and underline the
potential importance of ABO grouping in obstetric risk assessment.

In contrast, our lack of significant association with hyperten-
sion and type 2 diabetes diverges somewhat from broader litera-
ture, where non-0 blood groups have occasionally been linked with
cardiovascular and metabolic disease risk. However, such associ-
ations are often inconsistent, context-specific, and influenced by
confounders like BMI and ethnicity. Additional local studies would
help clarify whether population-specific dynamics are at work. Ex-
amining sociodemographic and lifestyle dimensions, the majority
of participants were young to middle-aged adults (18-47 years;
roughly 75%), predominantly female (55%), and largely of Igbo
ethnicity (nearly 80%), with over half holding tertiary education.
Self-reported lifestyle scores revealed moderate levels of physical
activity and diet quality, low smoking frequency, moderate alco-
hol use, and average sleep quality. Clinical parameters, mean he-
moglobin of 12.48 g/dL, BMI of 25.8 kg/m?, fasting glucose of 5.72
mmol/L, and blood pressures around 126/82 mmHg, reflect gen-
erally normative values. Our Pearson correlation analysis further
confirms expected physiological trends: age positively correlated
with BM], systolic and diastolic blood pressure, and fasting glucose,
while inversely correlating with hemoglobin. These age-associated
patterns resonate with established epidemiological data on meta-
bolic and hematologic changes across the lifespan.

Conclusion

This study’s findings align substantially with national patterns
in blood group distribution and reinforce known associations, par-
ticularly between ABO blood groups and malaria or anemia, and
suggest possible implications for pregnancy management. The sig-
nificant relationship between blood group and pregnancy-related
complications warrants further focused investigation in larger, pro-
spective cohorts, perhaps incorporating genetic ABO genotyping to
refine risk stratification. Moreover, the absence of significant asso-
ciations with hypertension and diabetes observed here invites fur-
ther research to delineate potential modifiers in the local context.
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