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ABSTRACT
Background: The Complete Blood Count (CBC) is one of the most beneficial biological 
tests used in routine medical practice. The Reference Intervals (RIs) of the hematological 
parameters are of major importance for clinical orientations and therapeutic decisions 
and it is necessary to establish RIs that are population specific. The objective of this study 
was to establish population-specific reference intervals for hematological parameters 
among healthy adult Eritreans.
Method: Using a DXH500 analyzer, CBC values were evaluated in samples taken from 
401 healthy Eritreans in Asmara city, ranging in age from 18 to 60. For the blood tests, a 
sample of venous blood was drawn into a tube containing the anticoagulant EDTA. Data 
analysis was done using SPSS version 25, and a P value of 0.05 or above was deemed 
significant. The upper (97.5th percentile) and lower (2.5th percentile) reference interval 
boundaries with 95% CI were determined using a non-parametric test. The necessity for 
gender-based reference interval partitioning was determined using the Harris and Boyd 
Rule.
Results: The established 95% reference intervals combined median (2.5th-97.5th 
percentile) that represent both males and females as per the suggestion of Harris and 
Boyd WBCs, lymphocytes, monocytes, neutrophils, eosinophils, basophils, MCV, RDW, 
RDW-SD and MPV (fl) were 6.3 (3.62-11.56 × 103/µL), 39.53 (22.10-60.55%), 8.67 (5.70-
13.61%), 49.32 (27.09-69.25%), 1.19 (0.22-7.13%), 0.17 (0.02-0.61%), 88.10 (79.32-96.07 
fl), 13.50 (12.50-15.90%), 37.25 (33.00-43.29%), and 9.29 (7.76-11.51 fl) respectively. 
RBCs, Hb, HCT, MCH, MCHC, and platelets were the parameters that required separate 
RI. Their respective median (2.5th-97.5th percentile) for males vs. females were 5.40 
(4.57-6.21 × 106/µL) vs. 4.88 (4.25-5.61 × 106/µL), 15.66 (13.56-18.13 g/dl) vs. 13.50 
(11.95-15.68 g/dl), 48 (42.02-53.93%) vs. 42.60 (36.40-48.52%), 29.10 (26.02-34.74 pg) 
vs. 28.30 (24.79-31.02 pg), 32.55 (31.60-36.14 g/dl) vs. 32.20 (31.10-33.50 14 g/dl) and 
273.15 (155.67-399.34) vs. 314.35 (113.96-499.55 103/µL).
Conclusion: The reference intervals established in this study differ from currently used 
RIs and thus should be used for the interpretation of laboratory results in diagnosis and 
safety monitoring in clinical trials in Asmara.

Introduction
Complete Blood Count (CBC) is the most frequently 
used laboratory investigation in health care. The most 
important aspect of laboratory test interpretation is 
the concept of Reference Interval (RI), where test val-
ues that fall inside the range are considered normal 
and those occurring outside the range are considered 
abnormal [1], The concept of population-based RI was 
introduced in human medicine in 1969 and is defined 

as the interval within which 95% of a healthy popula-
tion’s values fall. The most commonly used reference 
ranges are based on studies conducted in Western 
countries [2]. However, these reference values vary 
depending on a variety of socio- demographic factors. 
Age, gender, dietary patterns, ethnic differences, and 
altitude all have an impact on the reference ranges for 
different groups [3]. The Western RI may not be ap-
plicable in most regional settings. To avoid misinter-
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pretation of blood count results, the Clinical and Lab-
oratory Standards Institute (CLSI) recommended that 
each country establish its own organic standards [4].
This study was carried out to update the only study of 
normal blood count values in Asmara in 2018 [5]. Our 
research has brought about methodological advance-
ments in sampling and source population selection 
(household study). The goal of this study is to find out 
the Hematological reference values in healthy adult Er-
itreans in Asmara.

Materials and Methods
Methods
Study design: This is a descriptive cross-sectional 
study.
Study site: Asmara is the capital city of Eritrea, a coun-
try in the Horn of Africa. It is located in the Central Re-
gion of the country. It is the world’s sixth-highest cap-
ital by altitude, at an elevation of 2,325 meters (7,628 
feet). The city is situated at the tip of an escarpment 
that separates the Eritrean Highlands from the Great 
Rift Valley in neighbouring Ethiopia. Asmara’s predom-
inant tribe is tigrinya, and the city has a population of 
896,000 people [6].
Volunteer recruitment: The areas from which partici-
pants were drawn were chosen using a multistage sam-
pling technique (Stratified sample). The zone was the 
first-stage sampling unit. Out of several zones in the city, 
we chose one at random. The second stage involved a 
random sub-zone selection. We chose one of the zone’s 
sub-zones at random. The third stage involved a ran-
dom selection of blocks within the sub-zone. We chose 
four blocks at random from the sub-zone. The fourth 
stage involved systematically selecting households 
from a randomly selected reference point. Following 
the identification of a household, the zone administra-
tors were contacted, and one employer was assigned 
to educate the population of the intended blocks about 
the study’s objectives. Recruitment was stratified into 
4 age groups: 18-29, 30-39, 40-49 and 50-60 years.
Reference population: A total of 401 adult Eritreans 
who belong to various social, ethnic, and professional 
groups were involved in this cross-sectional study. The 
participants were targeted for this study according to 
the Clinical and Laboratory Standards Institute Guid-
ance. Our reference sample consisted of 128 men, with 
a mean age of 40 years, and 273 women with a mean 
age of 41 years; the period of study was continued from 
November 2019 until January 2020.
Ethical clearance: The Eritrean Ministry of Health’s 
ethics committee granted ethical approval for this 
study. Before drawing blood, we obtained written in-
formed consent from all participants. The team used 

a questionnaire to collect anthropometric measure-
ments, demographic data, medical status, medical his-
tory, physical activity, and sleeping hours from each 
blood donor. All participants had their blood pressure, 
height, and weight measured, and their BMI was calcu-
lated.
Blood Collection: An early morning visit was sched-
uled from 8 a.m. to 12 a.m. A trained phlebotomist 
collected the blood samples, which were drawn via ve-
nepuncture. For a complete blood count, 2 ml of venous 
blood was collected into Ethylene Diamine Tetra Acetic 
acid (EDTA) vacationer tubes. Within 5 hours of blood 
extraction, blood samples were transported to the Na-
tional Health Laboratory in Asmara, where all analyses 
were performed at the Hematology Department.
Statistical analysis
Analysis was done in SPSS (Version 25) after a careful 
check up on completeness, cleaning, and editing pro-
cesses. Extreme values that might greatly affect the 
result within each gender were identified using the 
D/R ratio, where D is the absolute difference between 
an extreme observation (large or small) and the next 
largest (or smallest) observation, and R is the range 
(maximum-minimum). The identified extreme values 
were deleted if D/R ≥ 1/3 [4]. Descriptive analysis of 
the demographic variables, stratified by gender, was 
performed using mean, median, standard deviation, 
frequencies, and percent, as appropriate. The Clinical 
Laboratory Standards Institute/International Federa-
tion for Clinical Chemistry (CLSI/IFCC) were employed 
to compute the reference intervals. As per the standard, 
a nonparametric method median (IQR), range (Min-
imum and maximum), combined and separate 95% 
RIs (2.5th and 97.5th percentiles), 95% CI for the lower 
limit of RI, and upper limit of RI were computed (using 
1000 bootstrapped simple random sampling). Harris 
and Boyd test vis-à-vis Mann- Whitney U test was per-
formed to determine whether combined or separate 
RIs are needed [7,8].
However, results from Harris and Boyd were finally en-
dorsed. Upon using Harris and Boyd, the statistical Z 
result was compared with a critical Z* value: Where Z= 

( )1/2
 1  2
1 2

Mean Mean
SD SD

−

+

and Z*=3 [(N1+N2)/240]1/2. Separate gender N1 N2, 
specific reference range are needed when Z>Z*.
In order to assess the relationship of the hematologi-
cal parameters with the socio-demographic and basic 
background characteristics, spearman rank correlation 
(for continuous variables), Mann-Whitney u test (cat-
egorical variables having dichotomous outcome), and 
Kruskal-Wallis test (categorical variables having more 
than two outcomes) was employed. Post-hoc analysis 

6J Interdiscip Histopathol • 2023 • Vol 11 • Issue 0



Community-Based Hematological Reference Intervals among Apparently Healthy Adult Eritrean Population in Asmara

3

height and weight were 1.62 (SD=0.09) meters and 
61.51 (12.11) kilograms, respectively. The mean body 
mass index was also 23.42 (SD=4.38) kg/m2. The mean 
(SD) values of SBP and DBP were 118.82 and 76.29 re-
spectively. The mean sleeping hour (per day) was 7.64 
hours. The majority (40.1%) of the participants reached 
secondary education. Married (63.8%) followed by sin-
gle (25.6%) were predominant among the participants. 
More than ninety percent of the participants were from 
the Tigrigna ethnic group (94%) and had three meals 
per day (98%). 20% of them were found to perform an 
exercise. A detailed characterization of the study par-
ticipants stratified by gender is given in Table 1 (con-
tinuous variables) and Table 2 (categorical variables).

using Bonferroni test was also performed for the results 
that were found to be significant using Kruskal-Wallis.
Agreement between the current estimated reference 
intervals and currently used RIs was performed using 
the Kappa statistic. Interpretation of the Kappa statis-
tic was done using Landis and Koch classification [9].

Results
Socio-demographic and basic background char-
acteristics
Most of the study participants were females (68.08%). 
The mean age of the participants was 40.25 (SD=11.68) 
years. The combined mean Socio Demographic (SD) 

Table 1. Socio-demographic and basic background characteristics of the study participants for continuous variables strati-
fied by gender (n=401).

Continuous Variables Combined (n=401) Male (n=128) Female (n=273)
Age (Years)
Mean (SD) 40.25 (11.68) 37.22 (12.31) 41.67 (11.11)
Median (IQR) 40.00 (20.00) 37.00 (22.00) 43.00 (17.00)
Height
Mean (SD) 1.62 (0.09) 1.71 (0.06) 1.58 (0.60)
Median (IQR) 1.61 (0.13) 1.71 (0.08) 1.58 (0.09)
Weight
Mean (SD) 61.51 (12.11) 65.59 (11.83) 59.62 (11.79)
Median (IQR) 60.00 (17.0) 63.50 (19.0) 58.60 (16.0)
Body Mass index (kg/m2)
Mean (SD) 23.42 (4.38) 22.39 (3.60) 23.91 (4.61)
Median (IQR) 22.93 (6.6) 22.03 (6.2) 23.73 (6.8)
SBP
Mean (SD) 118.82 (16.59) 120.58 (14.92) 117.99 (17.28)
Median (IQR) 120.00 (20.00) 120.00 (20) 118.00 (22.00)
DBP
Mean (SD) 76.29 (9.94) 77.80 (8.30) 75.58 (10.56)
Median (IQR) 78.00 (12.00) 80.00 (12.00) 76.00 (10.00)
Sleeping Hours (per day)
Mean (SD) 7.64 (1.07) 7.68 (0.93) 7.61 (1.13)
Median (IQR) 8.00 (1.00) 8.00 (0.0) 8.00 (1.00)
Note: SD: Standard deviation, IQR: Interquartile range

Table 2. Socio-demographic and basic background characteristics of the study participants for categorical variables strati-
fied by gender (n=401).

Categorical Variables Combined (n=401) Male (n=128) Female (n=273)
n % n % n %

Highest Educational level
Illiterate 35 8.7 0 0 35 12.9
Primary 51 12.7 6 4.7 45 16.5
Junior 112 27.9 26 20.3 86 31.6
Secondary 161 40.1 75 58.6 86 31.6
College 41 10.2 21 16.4 20 7.4
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Marital Status
Married 256 63.8 80 62.5 176 64.7
Widowed 17 4.2 0 0 17 6.3
Divorced 19 4.7 0 0 19 7
Separated 5 1.2 0 0 5 1.8
Single/Never married 103 25.6 48 37.5 55 20.2
Ethnic Group
Tigrigna 377 94 119 93 258 94.9
Tigre 11 2.7 5 3.9 6 2.2
Others* 12 2.9 3 2.4 8 3
Exercise
Yes 80 20 47 36.8 33 12.1
No 321 80 81 63.3 240 87.9
Number of meals (per day)
Two 7 1.7 6 4.7 1 0.4
Three 393 98 122 95.3 271 99.3
Four 1 0.2 0 0 1 0.4
Note: Others* include Afar, Saho, and Blen.

Parameters that demand partitioned RI and their 
distribution: The highly recommended test, Harris 
and Boyd test, was used in determining the need for 
partitioning of the reference interval by gender (Table 
3). The critical value (Z*) was found to be significantly 
greater than the calculated value (Z) in six out of the 
16 assessed hematological parameters, suggesting 
partitioning of the reference interval by gender is man-
datory. The six parameters that need partitioning are 
Red Blood Cell (RBC), Haemoglobin (HB), Haematocrit 
(HCT), Mean Corpuscular Haemoglobin (MCH), Mean 
Corpuscular Haemoglobin Concentration (MCHC), and 
platelets.
Table 3. Hematological parameters and need for partition-
ing of reference intervals by gender.

Parameters (Unit) Harris and Boyd Decision
Z Z*

WBCs 103/µL 0.17 3.88 Combined RI

Lymphocytespho-
cytes (%)

0.46 3.88 Combined RI

Monocytes (%) 3.44 3.87 Combined RI
Neutrophils (%) 1.31 3.88 Combined RI
Eosinophil’s (%) 1.76 3.88 Combined RI
Basophils (%) 2.21 3.88 Combined RI
RBCs ×106/μL 12.76 3.88 Separate RI
HB (g/dl) 18.21 3.88 Separate RI
HCT (%) 16.28 3.88 Separate RI
MCV (fl) 3.64 3.88 Combined RI
MCH (pg) 6.33 3.87 Separate RI

MCHC (g/dl) 7.81 3.88 Separate RI
RDW (%) 2.07 3.87 Combined RI
RDW-SD 1.11 3.87 Combined RI
Platelets ×103/µL 4.89 3.87 Separate RI
MPV (FL) 1.77 3.88 Combined RI
Note: Z*, critical value, Z, calculated value, Separate 
RI are needed only when Z is greater than Z*; †S1

2 is 
different from S2

2.
Though separate reference intervals are needed for the 
six hematological parameters, as per this study, the ref-
erence intervals for all the parameters were computed 
separately (males and females) as well as the combined 
data for the sole purpose of making comparisons with 
other countries’ reference intervals.
Depiction of the patterns and distribution of the pa-
rameters that need partitioning (as per Harris and 
Boyd) by gender are given in Figure 1. It is worth not-
ing that the interval plots are graphed after discarding 
the outliers found if D/R ≥ 1/3.
Hematological reference intervals: Table 4 shows 
the mean Standard Deviation (SD), median Inter Quar-
tile range (IQR), range (minimum to maximum), 95% 
reference range (2.5th to 97.5th percentile), 95% CI for 
the lower limit (2.5th percentile), and 95% CI for the 
upper limit (97.5th percentile).
The combined median (2.5th-97.5th percentile) that rep-
resents both males and females as per the suggestion of 
Harris and Boyd for White Blood Cells (WBC), lympho-
cytes, monocytes, neutrophils, eosin, basophils, MCV, 
Red blood cell Distribution Width (RDW), RDW-SD, and 
Mean Platelet Volume (MPV) (FL) were 6.3 (3.62-11.56 
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109/L) vs. 314.35(113.96-499.55 × 109/L) for RBC, HB, 
HCT, MCH, MCHC, and PLATELET respectively.
Relationship of the hematological parameters: 
Spearman’s correlation of the parameters with age 
revealed that basophils (r=0.123, p=0.015), RBC (r=-
0.156, p=0.002), HB (r=-0.126, p=0.013), and HCT 
(r=-0.125, p=0.014), RDW (r=0.109, p=0.032), RDW-SD 
(r=0.160, p=0.002), and PLATELET (r=-0.149, p=0.003) 
were significantly related (Table 5). With an increase 
in age, a significant increase in basophils, RDW, and 
RDW-SD was observed. However, with increased age, a 
significant decrease in RBC, HB, HCT, and platelet was 
observed.

× 109/L), 39.53 (22.10-60.55 × 109/L), 8.67 (5.70-13.61 
× 109/L), 49.32 (27.09-69.25 × 109/L), 1.19 (0.22-7.13 
× 109/L), 0.17 (0.02-0.61 × 109/L), 88.10 (79.32-96.07 
fL), 13.50 (12.50-15.90%), 37.25 (33.00-43.29%), and 
9.29 (7.76-11.51 fL) respectively.
The parameters that demand separate reference ranges 
as per Harris and Boyd are RBC, HB, HCT, MCH, MCHC, 
and platelets. The median (2.5th-97.5th percentile) for 
males vs. females are 5.40 (4.57-6.21 × 1012/L) vs. 
4.88 (4.25-5.61 × 1012/L), 15.66 (13.56-18.13 g/dl) 
vs. 13.72 (11.95-15.68 g/dl), 48.00 (42.02-53.93%) vs. 
42.60 (36.40-48.52%), 29.10 (25.2-39.8 pg) vs. 28.30 
(22.7-32.8pg), 32.55 (31.60-36.14 g/dl) vs. 32.20 
(31.10-33.50  g/dl) and 273.15 (155.67-399.34 × 

 

Figure 1. Axial view of CT abdomen. (Arrows indicate transition points of small 
bowel within pericaecal hernia.)

Table 4. Complete descriptive analysis of the hematological parameters along with the 95% reference range (2.5th to 97.5th 
percentile) and bootstrapped 95% CI lower limit as well as upper limit.

Parameter (Unit) Gender N Median (IQR) 2.5th-97.5th Percentile RI
WBCs 103/µL Combined 401 6.36 (5.16-7.87) 3.62-11.56
Lymphocytes (%) Combined 401 39.53 (32.81-46.47) 22.10-60.55
Monocytes (%) Combined 400 8.67 (7.55-10.06) 5.70-13.61
Neutrophils (%) Combined 401 49.32 (41.75-56.46) 27.09-69.25
Eosinophil’s (%) Combined 401 1.19 (0.70-2.07) 0.22-7.13
Basophils (%) Combined 401 0.17 (0.10-0.28) 0.02-0.61
RBCs × 106/μL Male 128 5.40 (5.10-5.63) 4.57-6.21

Female 273 4.88 (4.64-5.10) 4.25-5.61
HB (g/dl) Male 128 15.66 (15.09-16.35) 13.56-18.13

Female 273 13.72 (13.15-14.36) 11.95-15.68
HCT (%) Male 128 48.00 (46.33-49.80) 42.02-53.93

Female 273 42.60 (40.80-44.40) 36.40-48.52
MCV (fl) Combined 401 88.10 (85.80-90.60) 79.32-96.07
MCH (pg) Male 127 29.10 (28.30-30.10) 26.02-34.74

Female 273 28.30 (27.40-29.20) 24.79-31.02
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MCHC (g/dl) Male 128 32.55 (32.20-33.10) 31.60-36.14
Female 273 32.20 (31.80-32.50) 31.10-33.50

RDW (%) Combined 399 13.50 (13.10-13.90) 12.50-15.90
RDW-SD Combined 400 37.25 (35.43-39.18) 33.00-43.29
Platelets ×103/µL Male 128 273.15 (244.70-312.43) 155.67-399.34

Female 272 314.35 (267.33-370.95) 113.96-499.55
MPV (FL) Combined 401 9.29 (8.62-9.91) 7.76-11.51

Table 5. Spearman’s correlation of the hematological parameters with the continuous background variables (n=401).

Age Height Weight BMI SBP DBP
Parameters r (p-value) r (p-value) r (p-value) r (p-value) r (p-value) r (p-value)
WBCs 103/µL 0.005 

(0.924)
-0.024 
(0.638)

0.105* 
(0.038)

0.115* 
(0.024)

0.009
 (0.860)

0.013 
(0.796)

Lymphocytes-
pho-cytes (%)

0.034 
(0.506)

-0.045 
(0.373)

0.008 
(0.874)

0.016 
(0.755)

0.062 
(0.221)Z

0.059 
(0.244)

M o n o c y t e s 
(%)

-0.074 (0.145) 0.147** (0.004) -0.003488 -0.186*** (<0.001) -0.012 (0.808) -0.003 (0.960)

Neutrophils 
(%)

-0.016 (0.758) 0.009 (0.860) 0.001 (0.980) 0.012 (0.820) -0.053 (0.301) -0.057 (0.265)

Eosinophil’s 
(%)

-0.049 (0.341) 0.052 (0.303) 0.021 (0.684) -0.016 (0.755) -0.036 (0.481) 0.005 (0.914)

Basophils (%) 0.123* (0.015) -0.023 (0.657) 0.120* (0.018) 0.137** (0.007) 0.107* (0.036) 0.071 (0.160)
RBCs ×106/μL -0.156** (0.002) 0.400*** (<0.001) 0.184*** (<0.001) -0.025 (0.622) 0.04 (0.436) 0.097 (0.056)
HB (g/dl) -0.001638 0.477*** (<0.001) 0.202*** (<0.001) -0.053 (0.296) 0.103* (0.043) 0.143** (0.005)
HCT (%) -0.00175 0.455*** (<0.001) 0.200*** (<0.001) -0.042 (0.407) 0.089 (0.080) 0.135** (0.008)
MCV (fl) 0.036 (0.483) 0.091 (0.073) 0.051 (0.316) 0.002 (0.972) 0.042 (0.410) 0.042 (0.411)
MCH (pg) -0.018 (0.726) .191*** (<0.001) 0.064 (0.209) -0.05 (0.329) 0.061 (0.233) 0.056 (0.274)
MCHC (g/dl) -0.096 (0.06) 0.218*** (<0.001) 0.038 (0.461) -0.097 (0.056) 0.05 (0.328) 0.049 (0.339)
RDW (%) 0.109* (0.032) -0.008 (0.873) -0.006 (0.901) 0.012 (0.815) 0.078 (0.124) 0.043 (0.400)
RDW-SD 0.160** (0.002) 0.059 (0.249) 0.031 (0.539) 0.005 (0.929) 0.092 (0.070) 0.049 (0.338)
Platelets 
×103/µL

-0.149** (0.003) -0.251*** (<0.001) -0.066 (0.193) 0.062 (0.220) -0.001651 -0.081 (0.110)

MPV (FL) 0.096 (0.058) -0.075 (0.138) 0.024 (0.641) 0.076 (0.137) 0.028 (0.576) 0.013 (0.795)
Note: *p value <0.05, **p-value <0.01, ***p-value <0.001

Seven out of sixteen hematological parameters were 
found to have a significant correlation with height. 
Positive significant correlation was observed be-
tween height and monocytes (r=0.147, p=0.004), RBC 
(r=0.400, p<0.001), HB (r=0.477, p<0.001), HCT 
(r=0.455, p<0.001), MCH (r=0.191, p<0.001), MCHC 
(r=0.218, p<0.001). On the other hand, a decrease in 
RDW-SD (r=-0.251, p<0.001) was observed with an in-
crease in height.
Weight was found to have a significant correlation with 
six out of sixteen hematological parameters, viz., WBC, 
monocytes, basophils, RBC, HB, and HCT. Out of the six 
significantly related ones, a negative correlation was 
observed between weight and monocytes (r=-0.109, 
p=0.032) only, depicting a decrease in monocytes with 

an increase in weight. The remaining parameters WBC 
(r=0.105, p=0.038), basophils (r=0.120, p=0.018), RBC 
(r=0.184, p<0.001), HB (r=0.202, p<0.001), and HCT 
(r=0.200, p<0.001) were positively correlated with 
weight.
A positive significant increase in BMI (r=0.115, 
p=0.024) and basophils (r=0.137, p=0.007) was ob-
served with an increase in BMI. However, a negative 
correlation was observed between monocytes (r=-
0.186, p<0.001) and BMI. The remaining thirteen he-
matological parameters were not significantly cor-
related with BMI.
Only three hematological parameters were found to 
have a significant correlation with SBP, namely, baso-
phils, HB, and platelet. Out of the three parameters, a 
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significant decrease in platelet (r=0.127, p=0.013) was 
observed with an increase in SBP. However, a signifi-
cant increase in basophils (r=0.107, p=0.036) and HB 
(r=0.103, p=0.043) was observed with an increase in 
SBP.
HB and HCT were significantly related to DBP. A signif-
icant positive relationship was observed between both 
HB (r=0.143, p=0.005) and HCT (r=0.1335, p=0.008) 
and DBP.
Mann-Whitney U test revealed significantly higher 
monocytes (p=0.001), eosin (p=0.019), RBC (p<0.001), 
HB (p<0.001), HCT (p<0.001), MCV (p=0.001), MCH 
(p<0.001), MCHC (p<0.001) among males as com-
pared to females. On the other hand platelet was higher 
among females as compared to males (p<0.001).
Comparison of the hematological parameters with 
currently used RI: The hematological RIs established 
in this study were also compared to the currently used 
hematological RI in Asmara [10-17]. This was per-
formed by computing the percent agreement and kap-
pa concordance and results were interpreted as per the 
Landis and Koch interpretation (Table 6).
Table 6. Comparison of the hematological parameters among 
males and females.

Parameters
Male Female
Md (IQR) Md (IQR) P-value

WBCs 103/µL 6.29 (3.08) 6.39 (2.59) 0.624
Lymphocytes-
pho-cytes (%)

38.66 (12.81) 40.49 (14.36) 0.883

Monocytes 
(%)

9.11 (2.78) 8.52 (2.74) 0.001

Neutrophils 
(%)

50.11 (13.28) 49.00 (16.19) 0.397

Eosinophil’s 
(%)

1.29 (1.59) 1.06 (1.25) 0.019

Basophils (%) 0.16 (0.18) 0.18 (0.19) 0.063
RBCs × 106/μL 5.40 (0.54) 4.88 (0.46) <0.001
HB (g/dl) 15.65 (1.26) 13.72 (1.21) <0.001
HCT (%) 48.00 (3.5) 42.60 (3.6) <0.001
MCV (fl) 89.00 (4.4) 87.70 (4.90 0.001
MCH (pg) 29.10 (1.8) 28.30 (1.8) <0.001
MCHC (g/dl) 32.55 (0.9) 32.20 (0.7) <0.001
RDW (%) 13.40 (0.9) 13.50 (0.7) 0.135
RDW-SD 37.20 (3.8) 37.20 (3.7) 0.481
Platelets × 103/
µL

273.15 (67.7) 314.50 (103.6) <0.001

MPV (fL) 9.24 (1.18) 9.31 (1.36) 0.162
Note: *p value <0.05, **p-value <0.01, ***p-value <0.001

An almost perfect agreement was obtained between the 
estimated RI and currently used RI in Asmara for HCT 
(Kappa=0.84, 95% CI: 0.72, 0.97) and platelet (Kap-

pa=0.82, 95% CI: 0.70-0.95). Substantial agreement 
was observed for RBC (Kappa=0.71, 95% CI: 0.51-
0.90) and MCV (Kappa=0.70, 95% CI: 0.55-0.84). On 
the other hand, a fair agreement was observed for HB 
(Kappa=0.40, 95% CI: 0.27-0.53), MCH (Kappa=0.38, 
95% CI: 0.25-0.50), RDW (Kappa=0.440, 95% CI: 0.22-
0.58), and WBC (Kappa=0.34, 95% CI: 0.22-0.46). 
Slight Agreement (kappa=0.12, 95% CI: 0.04-0.20) 
was observed for MCHC.

Discussion
The purpose of this study was to establish hemato-
logical reference ranges in healthy adult Eritreans in 
Asmara to serve as standards for the interpretation 
of laboratory results in clinical practice for diagnosis 
and follow-up, as well as screening in routine health-
care in Asmara. The researchers also wanted to see 
how age, gender, height, BMI, and systolic and diastol-
ic blood pressure affected hematological variables in 
healthy adults. A comparison was made between our 
findings and currently used RIs, A comparison was 
made between this study and other studies published 
in literature; the comparison of our finding and other 
studies of hematological values in different countries 
were presented in the (Tables 7-10). The careful re-
cruitment of healthy individuals with strict exclusion 
criteria is the study’s main strength. This improves the 
results’ validity.
The median values for MCH, MCHC, and male platelets 
count are comparable to those of Western populations 
(Table 8), which is consistent with other African stud-
ies’ findings [18,19], while RBCs count, Haematocrit, 
Hb, and female Platelets count values appeared to be 
higher in this study. MC V and WBCs were found to 
be lower than Western values. The comparison of our 
finding and other studies of hematological values in 
some African countries were presented in (Table 9). 
The median values for RBCs count, haemoglobin, and 
red cell indices (HCT, MCV, MCH, and MCHC) as well as 
WBCs count greet similarity to the median values have 
been made by other African [10-16] While the platelet 
count values in this study appeared to be higher than 
in other African studies.
The reference intervals in this study varied slightly 
from the only previous made study in Asmara (Table 
10). The lower normal limit of RBCs, MCHC, RDW, male 
(Hb, PCV, and platelet), and female WBCs RIs in this 
study was higher than in the study made by Nijat et al. 
[5]. The lower normal limit of females for (Hb, platelet, 
PCV, MCV, MCH) and male WBCs RIs in this study was 
lower than in Nijat et al. study. The upper normal limit 
of male RBC, MCH, Hb, PCV, MCHC, and platelet RIs in 
this study was higher than Nijat et al. study. The upper 
limit of females for Hb, MCH, PCV, MCV, and RDW RIs 

www.ejmjih.com

https://www.ejmaces.com/


Noury AO, Musa OA, Gasmalbari E, Bakhit BM, Eyasu TH, Abraha DM et al. 

8

in this study was lower than in Nijat et al. study [20].
In the present study we found that with an increase in 
age, there is a significant increase in basophils, RDW, 
and RDW-SD was observed. However, with an increase 
in age, a significant decrease in RBC, HB, HCT, and plate-
let was observed. Similar results have been reported by 
Isabel et al. [21], MCV, MCH, and RDW showed a signifi-
cant positive correlation with age in their study, where-
as haemoglobin, haematocrit, RBC, MCHC, and platelet 
count showed a significant negative correlation. The 
amount of growth hormone secreted decreases with 
age. It is widely assumed that growth hormone stimu-
lates erythropoiesis by increasing oxygen consumption 
of tissues and thus promoting tissue hypoxia, which in 
turn accelerates erythropoietin production by the kid-
neys [22].
In our study, a positive significant correlation was ob-
served between height and monocytes, RBC, HB, HCT, 
MCH, and MCHC. On the other hand, a decrease in 
RDW-SD was observed with an increase in height. In 
previous studies, a significant negative correlation was 
reported between height and platelet count [23] and 
white blood cell count [23] On PubMed search we did 
not find any study which explored the relationship of 
RBCs, Hb, MCV, MCH, and MCHC with height
In our study, we found that monocytes is negatively 
correlated with weight, depicting a decrease in mono-
cytes with an increase in weight. Whereas WBC, ba-
sophils, RBC, HB, and HCT were positively correlated 
with weight. Our finding contradicts Sephal et al. [24], 
who found significant negative correlation between Hb 
and weight and height. 
In this study, a positive significant increase in Body 
Mass Index (BMI) and basophils was observed with 
increase in BMI. However, negative correlation was 

observed between monocytes and BMI. The remaining 
thirteen hematological parameters were not signifi-
cantly correlated with BMI. Our results agreed with Mi-
traet et al. study that reported a poor positive correla-
tion between BMI and haematocrit WBCs and platelets 
among participants [25] on other hand Farhangi et al. 
[26] found that the levels of platelet counts were sig-
nificantly higher among obese participants. Contrary 
to our findings Han et al. [27] study shows a positive 
correlation between WBC count and BMI.
In our study, we found HB and HCT were significantly 
related to DBP. A significant positive relationship was 
observed between Hb, HCT, and DBP. Only three hema-
tological parameters were found to have a significant 
correlation with Spontaneous Bacterial Peritonitis 
(SBP), namely, basophils, HB, and platelet. Out of the 
three parameters, a significant decrease in platelet was 
observed with an increase in SBP. However, a signifi-
cant increase in basophils and Hb was observed with 
an increase in SBP. Jacob et al. [28] found a significant 
increase in both systolic and diastolic blood pressure 
with higher values of haematocrit, haemoglobin, and 
red blood count. On the other hand, the findings of Kun 
Yang et al. [29] show a negative relationship between 
platelet counts with DBP.
In this study, we found that males had significantly high-
er levels of monocytes, eosin, RBC, HB, HCT, MCV, MCH, 
and MCHC than females. The causes of these differenc-
es have been attributed to factors such as the androgen 
hormone’s influence on erythropoiesis and menstrual 
blood loss in females [29]. On the other hand platelet 
was higher in females than in males. The higher plate-
let count in females from puberty could be explained 
by estragon promoting platelet production [29].

Table 7. Agreement between the estimated and currently used RIs for selected parameters.

Parameters Normal classi-
fication using 
MoH

Normal classification using 
estimated RI

Percent 
a g r e e -
ment

Kappa (95% CI) Landis and Koch 
interpretation

No n (%) Yes n (%)

RBC*1012/L No 10 (2.5) 0 (0) 98.00% 0.71 (0.51-0.90) Substantial

Yes 8 (2.0) 383 (95.5)

HB (g/dl) No 19 (4.7) 48 (12.0) 88.00% 0.40 (0.27-0.53) Fair

Yes 0 (0) 334 (83.3)

HCT (%) No 17 (4.2) 6 (1.5) 98.50% 0.84 (0.72-0.97) Almost perfect

Yes 0 (0) 384 (94.3)

MCV (fl) No 20 (5.0) 16 (4.0) 96.00% 0.70 (0.55-0.84) Substantial

Yes 0 (0) 365 (91.0)
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MCH (pg) No 20 (5.0) 54 (13.5) 86.50% 0.38 (0.25-0.50) Fair

Yes 0 (0) 327 (81.5)

MCHC (g/dl) No 11 (2.7) 100 (24.9) 74.30% 0.12 (0.04-0.2) Slight

Yes 3 (0.7) 287 (71.6)

RDW (%) No 11 (2.7) 23 (5.7) 92.70% 0.40 (0.22-0.58) Fair

Yes 6 (1.5) 361 (90.0)

WBC*109/L No 18 (4.5) 58 (14.5) 85.50% 0.34 (0.22-0.46) Fair

Yes 0 (0) 325 (81.0)

Platelets × 103/
µL

No 20 (5.0) 7 (1.7) 98.00% 0.82 (0.70-0.95) Almost perfect

Yes 1 (0.2) 373 (93.0)

Note: MoH: Ministry of Health

Table 8. Comparison of the hematological parameters referanace interval with international reference interval(10).

Total reference value 
Median and 95% reference range (2.5th–95th percentiles)

Parameter Males females
Present study International Present study International

RBC*1012/L 4.57-6.21(5.39) 3.80-5.50 (4.7) 4.25-5.61 (4.89) 3.60–4.80 (4.2)
HB (g/dl) 13.56-18.13 (15.74) 13.0-17.0 (15) 11.95-15.68 (13.75) 12.0-15.0 (13.5)
HCT (%) 42.02-53.93 (47.94) 45(40-50) () 36.40-48.52 (42.62) 40(35-45) ()
MCV (fl) 81.35-96.43 (89.10) 92(83-101) () 78.16-95.30 (87.5) 92(83-101) ()
MCH (pg) 26.02-34.74 (29.34) 29(26-32) () 24.79-31.02 (28.22) 29(26-32) ()
MCHC (%) 31.60-36.14 (32.85) 33(31-35) 31.10-33.50 (32.21) 33(31-35)
RDW (%) 12.52-14.88 (13.49) 12.50-16.80(13.69)
WBC*109/L 3.19-12.29 (6.65) 4-11 (7.5) 3.80-11.37 (6.69) 4-11 (7.5)
Platelets
× 103/µL

98.00% 98.00% 98.00% 98.00%
155.67-399.34 
(277.3)

120-410 (275) 113.96-499.55 
(317.7)

120-410 (275)

Table 9. Comparison of the hematological parameters reference interval in Asmara with African values.

Total reference value
Median and 95% reference range (2.5th–95th percentiles)

Parameter Present study Sudan((10,11)) Ethiopia(13) Ghana(15) Togo(16) Z i m b a bwe -
an(17)

RBC*1012/L

Males 4.57-6.21 
(5.39)

5.08 (3.94-
6.13)

5.1 (4.8-5.5) 3.79-5.96
(4.8)

3.3-6.4 (5) 4.4-6.7 (5.5)

females 4.25-5.61 
(4.89)

4.52 (3.67-
5.44)

4.5 (4.2-4.8) 3.09-5.30
(4.3)

(3.1-6) 4.5 3.9-5.9 (4.7)

www.ejmjih.com

https://www.ejmaces.com/


Noury AO, Musa OA, Gasmalbari E, Bakhit BM, Eyasu TH, Abraha DM et al. 

10

HB (g/dl)

Males 13.56-18.13
(15.74)

15.1 (11.3-
17.4)

15.3 (14.2-
16.5)

11.3-16.4
(13.9)

10-18.4
(15.1)

13.2-18.3
(15.9)

females 11.95-15.68
(13.75)

12.6 (9.3-
15.6)

13.1 (12.1-
14.3)

8.8-14.4
(12.3)

10.3-17.1
(13)

10.2-
15.9 (13.5)

HCT (%)

Males 42.02-53.93
(47.94)

44.5 (34.3-
56.8)

46.2 (43.6-
49.2)

33.2-50.5
(42)

28-54 (43) 42.0-55.1
(48.5)

females 36.40-48.52
(42.62)

38.1 (30.2-
48.5)

39.9 (37.6-
43.5)

26.4-45
(37)

28-47 (38) 33.9-48.7
(41.7)

MCV (fl)

Males 81.35-96.43
(89.10)

88.1 (73.9-
108)

90.1 (87-93) 70-98 (87) 80-99 (85) 72.8-102 (88)

females 78.16-95.30
(87.57)

85.5 (70.8-
101)

73-96 (86) 80-95 (84) 68.8-100 (88)

MCH (pg)

Males 26.02-34.74
(29.34)

29.7 (21.6-
33.9)

30 (28.1-
31.7)

22.3-33.6
(28.6)

26-36
(29.5)

22.9-33.5
(29.4)

females 24.79-31.02
(28.22)

28.2 (20.3-
32.9)

22.6-33.5
(28.6)

25-37 
(29.3)

20.7-32.1
(28.4)

MCHC(g/d)

Males 31.60-36.14
(32.85)

33.2 (28.0-
37.1)

33.9 (30.5-
35.1)

30.6-36
(33.1)

29-39
(35.1)

29.8-35.4
(32.7)

females 31.10-33.50
-32.21

32.6 (27.5-
36.8)

33.9 (30.5-
35.1)

30.4-36.5
-33.1

30-41
-35.1

29.2-34.3
-32.1

WBC*109/L

Males 3.19-12.29
-6.65

4.969 6.1 (4.8-7.7) 3.5-9.2
-5.5

1.9–10.1
-4.1

2.8–8.1 (4.6)

females 3.80-11.37
-6.69

5.138 6.1 (4.8-7.7) 3.4-9.3
-5.3

1.9–10.1
-4.1

3.3-8.3 (5.2)

Platelets ×103/µL
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Table 10. Comparison with the only study done in Asmara.

Parameters Gender Currently used Nejat et al.
Kappa (95% CI) Landis and Koch 

interpretation
Kappa (95% CI) Landis and Koch 

interpretation
RBC Male 0.398 (-0.021, 

0.715)
Fair 0.525 (-0.013, 

0.849)
Moderate

Female 0.161 (0.000, 
0.492)

Slight 0.523 (0.148, 
0.818)

Moderate

HB Male 0.038 (-0.061, 
0.151)

Slight 0.650 (0.227, 
0.919)

Substantial

Female 0.501 (0.268, 
0.704)

Moderate 0.454 (0.214, 
0.682)

Moderate

HCT Male 0.269 (-0.025, 
0.571)

Fair 0.656 (0.000, 
1.00)

Substantial

Female 0.554 (0.228, 
0.792)

Moderate 0.399 (0.131, 
0.623)

Fair

MCV Male 0.311 (-0.038, 
0.602)

Fair 0.193 (-0.045, 
0.436)

Slight

Female 0.588 (0.374, 
0.763)

Moderate 0.087 (-0.001, 
0.185)

Slight

MCH Male 0.436 (0.200, 
0.642)

Moderate 0.342 (0.151, 
0.522)

Fair

Female 0.327 (0.186, 
0.469)

Fair 0.298 (0.105, 
0.487)

Slight

MCHC Male 0.343 (0.104, 
0.572)

Fair 0.241 (-0.025, 
0.494)

Fair

Female 0.147 (0.051, 
0.252)

Slight 0.272 (0.000, 
0.523)

Fair

WBC Male 0.337 (0.112, 
0.537)

Fair 0.440 (0.177, 
0.665)

Moderate

Female 0.334 (0.185, 
0.479)

Fair 0.233 (0.075, 
0.381)

Fair

PLATELET Male 0.656 (0.000, 
1.000)

Substantial 0.108 (-0.053, 
0.275)

Fair

Female 0.68 (0.468, 
0.855)

Substantial 0.159 (0.080, 
0.249)

Fair

Males 155.67-
399.34
-277.34

200-291
-245

239 (186–
293)

88–352
-208

120–443
-236

125–357
-229

females 113.96-
499.55
-317.72

243-347
-295

239 (186–
293)

89–403
-224

150–436
-247

163-431
-268

Conclusion
This study allowed us to establish the reference inter-
vals of the complete blood count for healthy adults Er-

itrean in Asmara. The hematological reference values 
for healthy adults in Asmara established in this study 
differ considerably from the reference values recom-
mended by the Eritrean ministry of health. Gender, 
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height, weight, BMI, and blood pressure parameters 
have all been shown to influence hematological param-
eters. More research is needed to establish hematolog-
ical reference values for children, adolescents, the el-
derly and pregnant women in order to avoid diagnostic 
errors and allow clinicians to more precisely interpret 
hematological examinations and improve the quality of 
medical care provided to patients.
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