



Reference Values of some Haematological Parameters of Healthy Undergraduate Students (Aged 16-35 Years) in South-South, Nigeria 



ABSTRACT 

	Interpretation of laboratory test results with appropriate diagnostic accuracy requires reference or cutoff values.
Aims: This study is aimed at establishing reference values of some haematological parameters among healthy undergraduate students (aged 16-35 years) in South-South Nigeria.
Methodology: A total of One thousand nine hundred and thirty-five healthy students of Ambrose Alli University, Ekpoma were recruited into this study. Only subjects negative for HIV I & II, HBsAg, HCV, VDRL and belonged to Haemoglobin genotype AA, AS or AC were included in this study. Haematological parameters of the subjects were analyzed using Sysmex autoanalyzer.
Results: Our results  showed the reference intervals of 3.6835-5.82, 9.9-15.2, 29.8-44.5, 80.36-86.7, 22.18-30.2, 30.6-36.2, 33.9-45.9 and 11.8-16.1 were obtained for the respective parameters of RBC, PCV, MCV, MCH, MCHC, RDW SD and RDW CV. WBC parameters such as WBC, LYM %, MXD %, NEUT %, LYM (x103/µl), MXD (x103/µl) and NEUT (x103/µl) recorded reference intervals of 3.1-7.8, 23.7625-62.8, 4.7-20.0, 37.78-60.9, 1.3-3.7, 0.2-1.135 and 0.9-4.0 respectively. Furthermore, the Platelets parameters of PLT, PDW, MPV and P-LCR were 80-339.3, 10.2-18.3, 8.9-12.1 and 16.2275-41.7 respectively. With respect to sex, the male subjects had higher RBC, HGB PCV and MXD % than the female subjects. Whereas women had higher RDW SD, WBC, LYM (x103/µl), MXD (x103/µl), NEUT (x103/µl) and PLT than men. On the other hand, MCV, MCH, MCHC, RDW CV, LYM %, NEUT %, PDW, MPV and P-LCR were not affected by sex (P>0.05). Based on age, only the PCV and MCV of the study subjects were affected (P>0.05).
Conclusion: In conclusion, the haematologic reference values of the subjects studied were lower compared to reference ranges elsewhere. Furthermore, some haematological parameters were both affected by sex and age in the study area.
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1. INTRODUCTION 

Haematological components which consist of red blood cells, white blood cells, platelets and certain ratios of these values are valuable in monitoring the health status of an individual (Hammarsten et al., 2010). Haematological parameters are measures of different components of the blood such as red blood cells, white blood cells, platelets, haemoglobin and haematocrit (McGann et al., 2018). These parameters play crucial role in the diagnosis and monitoring of various diseases and conditions, including anaemia, infections, and bleeding disorders (Malenica et al., 2017).
Red blood cells (RBCs) are the cells responsible for carrying oxygen from the lungs to the body’s tissues (Mcgann et al., 2018). The haematological parameter that measures the number of red blood cells is called the red blood cells count. A low RBC count can indicate anaemia, while a high RBC count can indicate dehydration or polycythaemia (Glenn & Armstrong, 2019). White blood cells (WBCs) play a key role in the body’s immune system, defending against infection and disease. The haematological parameter that measures the number of white blood cells in the blood is called the WBC count. A high WBC count can indicate an infection or inflammation, while a low WBC count can indicate a weak immune system (Francis et al., 2019). Platelets are small cell fragments that play a crucial role in the formation of blood clots and the prevention of bleeding. The haematological parameter that measures the number of platelets in the blood is called the platelet count. A low platelet count can indicate a bleeding disorder, while a high platelet count can indicate a blood clotting disorder (Knight et al., 2019).
The concept of a “NORMAL RANGE” coined by Grasbeck and Saris in 1969, is now termed as reference interval (RI) (Ozarda, 2016; Whyte & Kelly, 2018). The RI is the interval between, and including two reference limits, which are values derived from the distribution of the results obtained from a sample of the reference population (Clinical and Laboratory Standards Institute (CLSI), 2010). This reference population is a healthy group of people for a particular age and gender. The interval represents the values found in 95% of the individuals of that group (Daly et al., 2017). These reference population-based RIs are of paramount significance for the accurate clinical understanding of the patient’s health status, and are the most commonly applied tool to determine a management protocol for the patients (Ahmed et al., 2020).
With increasing globalization of clinical research and therapy, ethnic characterization of populations used for reference ranges is critical to data interpretation of clinical studies (Eller et al., 2008). Furthermore, most of the reference values of haematological parameters currently used in Nigeria and Africa are largely derived from data collected from populations living in industrialized countries (Akinbo et al., 2015). In addition, determination of reference values for a given population is important as there might be variation from population to population and even in instruments used for the enumeration (WHO, 2007). Besides, several studies have been carried out to determine the reference values of haematological parameters among blacks in many countries including Nigeria (Ezeilo, 1972; Grantham McGregor et al., 1974. Miri-Dashe et al., 2014; Akinbo et al., 2015) but none has been carried out in Ekpoma, a university town located in the South South geopolitical zone of Nigeria. This study was therefore carried out to establish the normal reference intervals of some haematological parameters of students (aged16-35 years) attending a state-owned university located in South South Nigeria which is intended to serve as a standard for the interpretation of results in this locality.

2. material and methods

2.1 Study Area
This study was carried out in Ekpoma. Ekpoma is the administrative capital of Esan West Local Government Area of Edo State which falls within the rain forest/Savannah transitional zone of South Western Nigeria. The area lies between latitudes 60 431 and 60 81 North of the Equator and longitudes 60 51 and 60 81 East of the Greenwich Meridian. Ekpoma has a land area of 923 square kilometers with a population of 170, 123 people as at the 2006 census (World Gazeetter Nigeria, 2007). Majority of the people in Ekpoma are students, lecturers/teachers, civil servants, farmers, traders, business men/women, doctors, lawyers and self-employed.
2.2 Study population
A total of one thousand and nine hundred 1935 and thirty five apparently healthy students of Ambrose Alli University, Ekpoma, aged 16-35 years and of both sexes were enrolled into the study.
2.3 Ethical Approval
Ethical clearance was obtained from the Ambrose Alli University Health Research and Ethics Committee. Informed consent was obtained from each of the participants.
2.4 Inclusion Criteria
Only apparently healthy students of Ambrose Alli University, Ekpoma, aged 16-35 years and of both sexes who were negative for HIV 1 & II, HBsAg, HCV, VDRL and belonged to Haemoglobin AA, AS or AC who gave consent were included for the study.
2.5 Exclusion Criteria
Individuals who did not meet the inclusion criteria and those who did not give their consent were excluded from the study.
2.6 Sample Collection
Five milliliters (5ml) of whole blood was collected from the antecubital fossa vein by venipuncture from each of the subjects with sterile disposable syringe and needle and dispensed into a well-labelled EDTA tube and mixed properly. All the samples were analyzed few hours after collection.
2.7 Sample analysis 
(1) HIV I & II, Hepatitis B virus, Hepatitis C virus, Syphilis, and Haemoglobin electrophoresis screening were carried out on all the samples before determining the Haematological assay of the samples.
(2) Blood parameters such as red blood cells parameters, white blood cells parameters and platelets parameters were determined using the automated haematology autoanalyzer, Sysmex KX-21N (Sysmex Corporation, Kobe, Japan). The Sysmex KX-21N is an automatic 19-parameters, 3-part differential blood cell counter.
2.8 Statistical Analysis
The reference ranges were calculated using non-parametric methods. The medians were calculated and the reference values were determined at 2.5th and 95th percentile. Mean, standard deviation and median were computed for each of the haematological parameters of the study subjects. Parametric Student’s t-test was used to determine the statistical difference between male and female subjects. Analysis of variance (ANOVA) was used to compare the difference in mean age groups. P<0.05 was considered significant. 

3. results and discussion
3.1 Results
The means, median and reference intervals (2.5th -95th percentile) of the study population is presented in table 1. The reference intervals of 3.6835-5.82, 9.9-15.2, 29.8-44.5, 80.365-86.7, 22.18-30.3, 30.6-36.2, 33.9-45.9 and 11.8-16-1 were obtained for the respective red blood cells parameters of RBC, HGB, PCV, MCV, MCH, MCHC, RDW SD and RDW CV. In a similar fashion, the white blood cells parameters of WBC, LYM %, MXD %, NEUT %, LYM (x103/µl), MXD (x103/µl) and NEUT (x103/µl) recorded the reference intervals of 3.1-7.8, 23.7625-62.8, 4.7-20, 37.78-60.9, 1.3-3.7, 0.2-1.135 and 0.9-4.0 respectively. Furthermore, the platelet parameters of PLT, PDW, MPV and P-LCR were 80-339.3, 10.2-18.3, 8.9-12.1 and 16.2275-41 respectively. 
The means, median and reference intervals for male and female subjects are presented in table 2. Male subjects had higher RBC (3.82-5.97x1012/l versus 3.62-5.65 x 1012/l), HGB (10.2-15.6 versus 9.5-14-75 g/dl) and PCV (30.8-45.2% versus 28.8-42.7%), than the female subjects. Whereas, women had higher RDW SD (34.45-46.35% versus 33.05-45.2%), WBC (3.3-7.9 (x103/µl) versus 3.0 -7.5 x103/µl), MXD % (4.78-19.25% versus 4.7-21.0%), LYM(x103/µl) (0.2-1.1x103/µl  versus 0.2-1.2x103/µl), NEUT (x103/µl ) (1-4.1x103/µl versus 0.9-3.9x103/µl) and PLT (x103/µl) (82.6-346.8x103/µl versus 78.53-320.95x103/µl) than men. On the other hand, the MCV,MCH, MCHC,RDW CV, LYM %, NEUT %, PDW, MPV and P-LCR did reveal statistical  significant differences based on gender (P>0.05).
The haematological parameters of the subjects based on age is summarized in table 3. The haematological parameters of PCV and MCV were affected (P<0-05) by age while the remaining parameters were not affected (P>0.05).

Table 1: Haematological parameters of studied subjects
	Parameters
	Mean ± SD (n = 1935)
	Median
	2.5th – 95th Percentile

	Age
	23.84±3.14
	24
	19-30

	RBC (x106/µl)
	4.80±1.20
	4.74
	3.6835-5.82

	HGB (g/dl)
	12.80±5.00
	12.6
	9.9-15.2

	PCV (%)
	37.27±4.42
	37.1
	29.8-44.5

	MCV (fL)
	63.76±45.91
	78.3
	-80.365-86.7

	MCH (pg)
	25.35±9.12
	27
	-22.18-30.2

	MCHC (g/dL)
	33.94±3.47
	34.2
	30.6-36.2

	RDW SD (%)
	39.65±9.35
	40.2
	33.9-45.9

	RDW CV (%)
	13.78±4.61
	13.3
	11.8-16.1

	WBC (x103/µl)
	5.39±2.07
	5.2
	3.1-7.8

	LYM %
	46.93±10.27
	47.7
	23.7625-62.8

	MXD %
	11.22±5.19
	10.3
	4.7-20

	NEUT %
	37.28±21.97
	41
	37.78-60.9

	LYM (x103/µl)
	2.52±2.20
	2.4
	1.3-3.7

	MXD (x103/µl)
	0.60±0.33
	0.5
	0.2-1.135

	NEUT (x103/µl)
	2.28±1.55
	2.1
	0.9-4.0

	PLT (x103/µl)
	218.37±77.00
	214
	80.339.3

	PDW (fL)
	13.65±2.62
	13.3
	10.2-18.3

	MPV (fL)
	10.64±2.79
	10.6
	8.9-12.1

	P-LCR (%)
	30.08±9.79
	29.8
	16.2275-41.7


KEYS
WBC		- White Blood Cell count (x103/µl)
NEUT		- Neutrophils (%)
LYM		- Lymphocytes (%)
MCH		- Mean Cell Haemoglobin (pg)
MXD		- Mixed cells %
PLT		- Platelet count (x103/µl)
MPV		- Mean Platelet Volume (fL)
PDW		- Platelet distribution width (fL)
RBC		- Red Blood Cell count (x106/µl)
HB		- Haemoglobin concentration (g/dl)
PCV		- Packed Cell Volume (%)
MCV		- Mean Cell Volume (fL)
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Table 2: Haematological Parameters of the subjects with respect to gender
	Parameters
	   Male
n = 903
Mean±SD
	Median
	2.5th-95th Percentile
	Female
n = 1032
Mean±SD
	Median
	2.5th-95th
Percentile
	T-value
	P-value
	Remark

	Age
	24.14±3.21
	24
	18-30
	23.57±3.05
	24
	19-30
	4.0008
	0.0001
	Significant

	RBC (x106/µl)
	5.00±0.63
	5.04
	3.82-5.97
	4.62±1.52
	4.51
	3.62-5.65
	7.0009
	0.0001
	Significant

	HGB (g/dl)
	13.46±4.98
	13.4
	10.2-15.6
	12.22±4.89
	12
	9.5-14.75
	5.5157
	0.0001
	Significant

	PCV (%)
	39.16±4.13
	39.6
	30.8-45.2
	35.62±3.97
	35.1
	28.8-42.7
	19.1980
	0.0001
	Significant

	MCV (fL)
	62.24±48.25
	78.4
	-80.90-86.90
	65.09±43.75
	78.2
	-79.62-86.7
	1.3621
	0.1733
	Not Significant

	MCH (pg)
	25.1±9.67
	27.2
	-24-30.2
	25.49±8.60
	26.75
	-17.63-30.3
	0.7462
	0.4557
	Not Significant

	MCHC (g/dL)
	34.03±2.86
	34.3
	30.35-36.2
	33.86±3.92
	34.1
	30.68-36.3
	1.0760
	0.2821
	Not Significant

	RDW SD (%)
	39.11±10.25
	40.1
	33.05-45.2
	40.13±8.46
	40.4
	34.48-46.35
	2.3965
	0.0166
	Significant

	RDW CV (%)
	13.63±4.07
	13.3
	11.7-15.7
	13.92±5.04
	13.4
	11.9-16.5
	1.3792
	0.1680
	Not Significant

	WBC (x103/µl)
	5.25±1.58
	5
	3-7.5
	5.51±2.41
	5.4
	3.3-7.9
	2.7625
	0.0058
	Significant

	LYM %
	46.79±10.77
	47.55
	22.2-62.7
	47.05±9.82
	48
	26.4-62.9
	0.5552
	0.5788
	Not Significant

	MXD %
	11.74±5.77
	10.7
	4.7-21
	10.76±4.58
	10
	4.78-19.25
	4.1593
	0.0001
	Significant

	NEUT %
	36.62±22.65
	40.6
	-37.3-61
	37.87±21.36
	41.3
	-38.15-60.35
	1.2482
	0.2121
	Not Significant

	LYM (x103/µl)
	2.40±0.74
	2.3
	1.2-3.7
	2.62±2.92
	2.4
	1.4-3.8
	2.2018
	0.0278
	Significant

	MXD (x103/µl)
	0.62±0.34
	0.5
	0.2-1.2
	0.58±0.32
	0.5
	0.2-1.1
	2.6635
	0.0078
	Significant

	NEUT (x103/µl)
	2.21±1.91
	2
	0.9-3.9
	2.35±1.13
	2.2
	1-4.1
	1.9898
	0.0468
	Significant

	PLT (x103/µl)
	208.06±68.67
	205
	78.53-320.95
	227.37±82.59
	224
	82.6-345.8
	5.5440
	0.0001
	Significant

	PDW (fL)
	13.71±2.89
	13.4
	10.2-18.2
	13.59±2.37
	13.2
	10.2-18.2
	1.0028
	0.2161
	Not Significant

	MPV (fL)
	10.70±3.85
	10.6
	8.7-12.2
	10.59±1.29
	10.6
	8.98-12.1
	0.8641
	0.3877
	Not Significant

	P-LCR (%)
	30.03±7.29
	30
	15.8-41.9
	30.12±11.54
	29.6
	16.85-41.35
	0.2017
	0.8402
	Not Significant



Table 3: Haematological Parameters of the subjects based on age
	Parameters
	16-20 years
n=305
Mean±S.D.
	Median/
2.5th-95th
Percentile
	21-25 years
n=1275
Mean±S.D.
	Median/
2.5th-95th
Percentile
	26-30 years
n=313
Mean±S.D.

	Median/
2.5th-95th
Percentile
	31-35 years
n=41
Mean±S.D.
	Median/
2.5th-95th
Percentile
	F-value
	P-Value
	Remark

	Age
	19.47±0.83
	20(17.6-20)
	23.55±1.46
	24(21-25)
	28.12±1.62
	28(26-30)
	32.83±3.05
	31(31-40)
	2295.932
	0.0001
	Sig.

	RBC (x106/µl)
	4.73±0.65
	4.67(3.69-5.76)
	4.79±1.41
	4.71(3.67-5.79)
	4.90±0.62
	4.92(3.99-5.87)
	4.59±0.61
	4.54(3.69-5.7)
	1.500
	0.213
	Not Sig.

	HGB (g/dl)
	12.63±1.65
	12.6(10.1-15.2)
	12.83±6.00
	12.5(9.8-15.2
	12.95±1.73
	13.1(3.97-16.6)
	12.03±1.33
	11.9(10.1-14.2)
	0.621
	0.602
	Not Sig.

	PCV (%)
	37.09±4.34
	37(28.8-44.34)
	37.15±4.42
	36.9(29.88-44.3)
	38.15±4.43
	38.6(4.03-44.99)
	35.77±3.78
	35.4(30-42)
	4.929
	0.002
	Sig.

	MCV (fL)
	63.77±46.51
	78.6(-81.3-86.94)
	64.92±44.20
	78.3(-79.96-86.7)
	56.41±54.27
	77.4(-76.82-85.86)
	79.11±5.47
	79.8(68.8-88)
	4.470
	0.004
	Sig.

	MCH (pg)
	25.79±9.09
	27(2.48-30.48)
	25.41±8.69
	26.95(-21.4-30.2)
	24.45±11.15
	26.9(-76.82-30)
	26.67±2.58
	26.7(21.2-30.2)
	1.697
	0.166
	Not Sig.

	MCHC (g/dL)
	33.89±4.08
	34.2(31.4-36.19)
	33.87±3.51
	34.2(30.29-36.2)
	34.24±2.72
	34.2(-76.82-36.24)
	33.64±1.27
	33.8(31-35.6)
	1.175
	0.318
	Not Sig.

	RDW SD (%)
	40.07±7.01
	40.2(34.08-45.7)
	39.58±9.98
	40.2(33.72-46.04)
	39.24±9.34
	40.1(20.5-44.84)
	41.29±3.39
	40.75(36.77-47.41)
	0.874
	0.454
	Not Sig.

	RDW CV (%)
	14.05±6.35
	13.3(12-16.28)
	13.81±4.71
	13.3(11-16.1)
	13.44±1.34
	13.2(12-15.74)
	13.56±1.07
	13.3(12-16)
	0.955
	0.413
	Not Sig.

	WBC (x103/µl)
	5.52.1.45
	5.3(3.36-8.0)
	5.42±2.28
	5.2(3.1-7.9)
	5.16±1.72
	5(3.45-7.3)
	5.16±1.28
	5.2(3.5-7.3)
	1.926
	0.123
	Not Sig.

	LYM (%)
	46.20±10.81
	46.6(24.84-61.86)
	47.19±10.11
	47.8(24.43-63)
	46.48±10.45
	47.8(3.5-61.54)
	47.86±9.59
	48.5(31.4-61.3)
	1.012
	0.386
	Not Sig.

	MXD (%)
	10.79±4.42
	9.7(4.94-19.88)
	11.27±4.66
	10.5(4.8-19.7)
	11.30±6.72
	10.2(3.5-21.46)
	11.54±10.41
	9.7(4.4-20.1)
	0.786
	0.501
	Not Sig.

	NEUT (%)
	38.41±22.44
	42.1(-37.38-63.66)
	37.23±21.32
	40.8(-36.97-60.1)
	35.58±25.54
	40.8(-31.12-61.48)
	41.91±8.83
	41.2(30.1-58.2)
	1.574
	0.194
	Not Sig.

	LYM (x103/µl)
	2.60±1.34
	2.5(1.36-3.9)
	2.54±2.59
	2.8(1.3-3.7)
	2.36±0.77
	2.3(-31.12-3.6)
	2.44±0.82
	2.3(1.2-3.4)
	0.764
	0.514
	Not Sig.

	MXD (x103/µl)
	0.58±0.27
	0.5(0.2-1.1)
	0.61±0.35
	0.5(0.2-1.13)
	0.57±0.32
	0.5(-31.12-1.1)
	0.56±0.40
	0.5(0.2-1.5)
	1.123
	0.338
	Not Sig.

	NEUT (x103/µl)
	2.40±1.02
	2.2(1.1-4)
	2.30±1.23
	2.1(0.9-4)
	2.15±2.74
	2.1(0.3-3.9)
	2.13±0.78
	2(1.2-3.8)
	1.472
	0.220
	Not Sig.

	PLT (x103/µl)
	216.58±71.66
	217(85.4-331)
	221.60±79.32
	216(86-341)
	209.62±73.62
	205(0.3-339.8)
	198.07±61.42
	186(75-323
	3.106
	0.026
	Sig.

	PDW (fL)
	13.76±2.40
	13.4(10.16-18.4)
	13.60±2.41
	13.3(10.2-18.2)
	13.70±3.56
	13.3(1.1-18.4)
	13.79±2.02
	13.9(10.1-17.4)
	0.473
	0.701
	Not Sig.

	MPV (fL)
	10.98±6.31
	10.7(89-12.2)
	10.56±1.42
	10.6(8.88-12.1)
	10.61±1.00
	10.6(9.25-12.14)
	10.82±0.87
	10.9(8.9-12)
	1.983
	0.115
	Not Sig.

	P-LCR (%)
	31.26±18.29
	30(16.96-43.46)
	28.98±6.34
	28.85(17.18-41.9)
	29.59±7.16
	29.85(9.2-41.6)
	31.12±6.68
	31.7(17.8-40.2)
	0.672
	0.569
	Not Sig.


KEYS:
Sig.-Significant						Not Sig.-Not significant           S.D.- Standard Deviation


3.2 Discussion
Interpretation of laboratory test results appropriately requires standard reference values and it helps in providing quality services in the healthcare delivery (Akinbo et al., 2015). In this study, the mean values of the RBC, HGB and PCV of the male subjects were statistically significantly higher in comparison to their female counterparts. With respect to red cell components, Helman and Rubenstein (1975) and White et al. (1991) reported that the levels in women tend to be significantly lower than those of men. This is in line with the previous reports of Akinbo et al. (2015) who observed that significant differences are more obvious among the female groups when compared to their male groups. They reported that the females showed a markedly lower haemoglobin concentration (HGB), haematocrit values (PCV) and red blood cells (RBCs) than the males which confirmed the role of gender as the cause of variations and this may be due to the variations in hormone types and the effect of erythropoetin release in response to regular menstruation (Usman et al., 2007; Miri Dashe et al., 2014). With respect to reference ranges, the RBC, HGB and HCT values obtained in our study are lower in comparison to the earlier reports of Dacie and Lewis (2001), Kratz and Ferraro (2004), Kibaya et al. (2008), Miri-Dashe et al.(2014) and Akinbo et al. (2015). The different study groups recruited by these authors could be a possible explanation for the higher values obtained by them. The reason for the lower values we found in our study is not clear but this may be attributed to the category of subjects we recruited. For instance, while we recruited apparently healthy students aged 16-35 years, other authors recruited subjects with wider age ranges for their studies. Other reasons are malaria endemicity, intestinal parasitic infestation, dietary, environmental and genetic factors (Essien et al., 1973).
With respect to White blood cells parameters (WBC), the WBC total count of both sexes were not statistically significant. Our result is in accord with the previous studies of Miri-Dashe et al. (2014) and Akinbo et al. (2015). In relation to the reference ranges, the WBC total and differential counts of the subjects studied were lower in comparison to the studies of earlier authors such as Dacie and Lewis (2001), Kratz and Ferraro (2004) and Kibaya et al. (2008). As prior mentioned by Essien et al. (1973), malaria endemicity and other factors may be attributed to this. Furthermore, the age of the subjects we recruited might also have contributed to the lower values we obtained in our study. However, our findings contradicted the reports of Olawumi et al. (2015), Fondoh et al. (2020) and Akinbami et al. (2023) who reported the total WBC of female subjects to be significantly higher compared to males. Bhatia et al. (2014) and Bupp (2015) attributed this to the significant difference in the immune system of men and women associated with the presence of sex hormone receptors on the immune cells. These make women generally more prone to autoimmunity resulting to lower rates of infection and chronic inflammatory disease. Furthermore, hormonal changes in females and the use of oral contraceptives have been reported to elevate leucocyte count in females (England & Bain, 1976; Okoroiwu et al., 2021; Akinbami et al., 2023). Additionally, adrenalin (epinephrine) injection, emotion and smoking can also cause an increase in the leucocyte count (Lewis, 2006).
From the viewpoint of platelet parameters, the mean values of PLT was significantly higher in female subjects compared to their male counterparts. This is consistent with the previous reports of Lugada et al. (2004), Koram et al. (2007), Kibaya et al. (2008), Mine et al. (2011), Miri-Dashe et al. (2014), Olawumi et al. (2015), Fondoh et al. (2020) and Akinbami et al. (2023) in Uganda, Mampong (Ghana), Kericho (Kenya), Southern part of Botswana, Jos (Nigeria), Ilorin (North Central Nigeria, Bamenda (Cameroon) and Lagos (Nigeria) respectively. Miri-Dashe et al. (2014) reasoned that this increase may be due to the effect of erythropoietin release in response to regular menstruation cross-stimulating megakaryopoiesis. The significant differences observed in the platelet counts could also be attributed to the variations in sex, age, race/ethnicity, genetic factors, and/or biological factors such as geographical, seasonal, and lipid variations (Bain, 1996; Buckley et al., 2000; Peng et al., 2004; Hartmann et al., 2005; Segal & Moliterno, 2006).  Furthermore, Stevens and Alexander (1977) stated that in women, the platelet count has been reported to be about 20% higher than in men. On the other hand, our results disagreed with the findings of Akinbo et al. (2015) who found no sex difference in the subjects they studied in Owo, Ondo State, Nigeria. The reason for this is not clear but according to Gilles (1981) and Usman et al. (2007), the reasons might be due to different geographical areas, climate, dietary habits and environmental factors or genetic variations. Based on reference range, the PLT value was lower in the study area compared to the reports of other authors such as Dacie and Lewis (2001), Kratz and Ferraro (2004), Kibaya et al. (2008), Miri-Dashe et al. (2014) and Akinbo et al. (2015). The lower values obtained in our study can be attributed the various factors aforementioned by Essien et al. (1973) as well as the age category (16-35 years) we recruited for this study. Higher values could be attributed to genetic factors compounded by the increased consumption of platelets by plasmodium spp. in malaria-endemic areas (Hoffbrand et al., 2006; Asare-Ntow et al., 2017).

4. Conclusion

In conclusion, the haematologic reference values obtained in the study area were lower compared to reference intervals elsewhere. Furthermore, some haematological parameters were affected by both sex and age while the remainder were not affected. The importance of this study lies in the fact that it has established the normal reference values of some haematological parameters for undergraduate students aged 16-35 years which is intended to serve as a standard for the interpretation of results in the study area.
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