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Background: Reference intervals are an important method tool for identifying 
abnormal laboratory test results. Complete blood count reference values 
are useful to interpret complete blood count (CBC) results and make clinical 
decisions, but these values have not been established for geriatrics in Asella 
town. Therefore, this study aimed to establish reference intervals (RIs) for 
complete blood count (CBC) parameters from geriatric participants/subjects in 
Asella town, Southeast Ethiopia.

Methods: A community-based cross-sectional study was conducted from 
December 2019 to May 2020. An interviewer-administered questionnaire was 
used to collect data on sociodemography and other characteristics from 342 
eligible geriatric participants. Weight, height, and vital signs were measured, and 
8  mL of blood sample was collected. Screening tests such as HIV, HBsAg, HCV, 
syphilis, stool examination, and urinalysis were performed. The hematological 
parameter was measured using a Sysmex kx-21 hematology analyzer. The data 
were analyzed using SPSS version 21 software. The non-parametric independent 
Kruskal–Wallis test and Wilcoxon rank-sum test (Mann–Whitney U test) were 
used to compare the parameters between age groups and genders. The 97.5 
and 2.5th percentile were the upper and lower reference limit for the population.

Results: According to the study’s findings, the reference intervals of red blood 
cell, white blood cell, platelet count, hemoglobin (HGB), and hematocrit (HCT) 
in male geriatrics were 3.8–5.85  ×  1012/L, 3.1–9.66  ×  109/L, 115.8–353  ×  109/L, 
12.4–17.76  g/dL, and 35.06–50.2%, respectively. The respective values for 
women were 3.94–5.48  ×  1012/L, 3.13–8.4  ×  109/L, 137.5–406  ×  109/L, 12.5–
16.4  g/dL, and 36.09–48.2%. Most of the hematological parameters showed 
significant differences between the two genders (p value <0.05).

Conclusion: Accurate gender and age-specific reference intervals are crucial in 
managing patient health. The current study offers essential CBC hematological 
parameters that can assist clinicians in interpreting laboratory results and can 
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improve healthcare quality in the geriatric population. Therefore, it is more 
relevant to use the current RIs in the geriatric set-up.
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reference interval, hematological parameters, geriatrics, Southeast Ethiopia, complete 
blood count

Introduction

The most important facet of laboratory test interpretation is the 
concept of reference interval (RI), where test values that fall inside the 
range are considered normal and those occurring outside the range 
are considered abnormal (1). The World Health Organization (WHO), 
the International Federation for Clinical Chemistry (IFCC), and the 
Clinical Laboratory Standard Institute (CLSI) define reference interval 
as the group of results obtained by observation or quantitative 
measurement of an analyte in a selected healthy group of a participant, 
based on well-defined criteria (2). According to Ceriotti’s definition, 
reference interval “is an interval that, when applied to the society 
serviced by the established reference interval, should correctly include 
most of the subjects with characteristics similar to the reference group 
and excludes the others” (3).

Moreover, reference interval for many laboratory tests is defined 
by threshold values between which the test results of a specified 
percentage (usually 95%) of apparently healthy individuals would fall. 
The threshold or limiting values for the reference interval are usually 
0.025 and 0.975 fractiles of the test result distribution in the reference 
population. This definition results in the exclusion of the 2.5% of 
individuals with the lowest results and the 2.5% of individuals with the 
highest results from the reference interval (4). To establish RI, 
reference individuals form the reference sample group for 
measurement of the values from the reference population. Through 
statistical analysis of the distribution of the obtained values, the 
reference limits are calculated. These limits then define the reference 
interval and include them (5).

It has been recommended that RI should be  established by 
selecting a statistically sufficient group (a minimum of 120) of healthy 
reference subjects. However, it is noted in the guideline that “health is 
a relative condition lacking a universal definition (6).” However, the 
selection and recruitment of the appropriate number of reference 
subjects is difficult, time-consuming, and requires a high price (7). 
Reference intervals are affected by several factors including age, sex, 
dietary patterns, altitude, race, and lifestyle among others. For 
example, hemoglobin concentration, hematocrit, and the other RBC 
indices reflect the same biological parameters and show similar 
variability throughout life. Male and female levels were similar in early 
childhood and increased slowly until 10 years of age before sex 
differences were observed (8). For that purpose, their determination 
for every country, even every region, is very crucial.

The determined RI is primarily used for the accurate 
interpretation of laboratory test results, identifying abnormal and 
normal results and helping in patient diagnosis and clinical 
management (9). The hematological test result in a clinical 
laboratory is a decision-making process, and reference intervals 
(RIs) produced in the laboratory have an important role in guiding 

the clinician in interpreting patient results with reference values 
established from apparently healthy subjects. Therefore, careful 
establishment or determination of RIs by the laboratory for use in 
the patient population it serves is important to ensure their proper 
utility. Most laboratories do not have their own RI for 
hematological parameters. They are often selected from 
manufacturer information sheets or outdated publications and 
may not always be  representative of the local population or 
laboratory setting. However, CBC parameters vary with age and 
sex, therefore requiring RI which is specific for the society it serves 
(10). A community-based cross-sectional study conducted in 
Southwest Ethiopia for the determination of hematological 
reference interval in the geriatric age group shows that men had 
higher median and 95% RI for RBC, Hct, and Hgb values than 
women (11).

Mostly, the reference population widely used includes young 
adults, and using this may not be appropriate for an elderly patient 
because there are significant age-related changes observed in 
hematological parameters (12). Deriving reference values for the older 
population is particularly problematic. Most laboratories had no 
specific RI for the geriatric population because this population has a 
relatively high prevalence of chronic pathologies such as diabetes, 
dyslipidemia, renal disease, and anemia, and also has comorbidities 
and regularly takes prescription medications. This makes it difficult to 
find healthy reference individuals to establish a reference interval 
(13–16). Reference intervals for African populations are not readily 
available, and the values used in most African countries including 
Ethiopia are usually based on the results of measurements in 
developed countries, which are taken from the literature or package 
inserts that accompany reagent kits. However, these parameters even 
in the healthy state are affected by many factors including age, gender, 
ethnicity, and altitude (17–19). Thus, adopting non-Ethiopian 
reference values for Ethiopians might be misleading, and adopting 
adult reference values for geriatrics may impede the detection of 
pathologies in older populations, so it would be useful to establish 
age-specific reference values. Given this background, a community-
based cross-sectional study was performed to establish common 
hematological reference values for the geriatrics population in 
southeast Ethiopia, Oromia regional state, Asella town.

Materials and methods

Study setting, study design, and period

A community-based cross-sectional study design was conducted 
to establish reference intervals for complete blood count parameters 
from apparently healthy geriatrics in Asella town from December to 
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May 2019. Asella Town is located in the Arsi Zone of the Oromia 
Region, 126 km (78 mi) south of Addis Ababa.

Population

The source population for the study consisted of individuals aged 
60 years and older, who had been living in the area for at least 
6 months. The study population was composed of participants who felt 
subjectively well and met the eligibility criteria.

Eligibility criteria

All geriatrics who were aged 60 years and older, feeling 
subjectively well, free of common bacterial and viral infectious 
diseases after being screened, and lived for at least 6 months were 
included. However, geriatrics with known chronic illnesses such 
as diabetes, hypertension, arthritis, history of TB, history of 
chronic liver or kidney disease, history of being a hospital 
inpatient, known history of hematological disorder such as 
malignancy, and those who are taking pharmacologically active 
agents, smokers, known carrier state for HBV, HCV, Syphilis, or 
HIV were excluded.

Determination of sample size

According to the CLSI recommendation, the sample size was 
determined using well-defined exclusion and portioning criteria for 
the selection of the reference individuals. Thus, based on this 
guideline, the minimum sample size required for RI determination 
will be 120 healthy individuals for each partitioning (20).

However, according to previous large-scale studies on other 
African countries, approximately 30% (21) did not meet the inclusion 
criteria for the establishment of RI for various reasons when screened 
for common bacterial and viral infectious diseases. Moreover, the 
minimum sample size will be:

 N 100 30 120% %−( ) =

 N 70 120%( ) =

 N 0 7 120.( ) =

N = 171, this was for one partition, so the value has to 
be multiplied by 2 which gives 342 for both men and women. The 
required geriatrics for both genders to achieve a minimum sample 
size will be 342.

Sampling method

Five kebeles were selected randomly by the lottery method from 
eight kebeles in Asella town, and non-probability convenient type 

sampling techniques were used to recruit all volunteer geriatric 
individuals from selected kebeles until the sample size was reached. 
Accordingly, approximately 34 individuals for one partition and 68 for 
two partitions were selected from each of the five selected kebeles.

Data collection procedure

Structured and standardized questionnaires were used to collect 
information on consenting participants to determine the 
sociodemographic characteristics and health features of study 
participants. In total, 4 mL of blood samples in 
ethylenediaminetetraacetic acid (EDTA) vacutainer tubes for full 
blood count (FBC), Hepatitis B surface antigen (HBsAg), HCV, HIV, 
and syphilis and 4 mL of blood samples in gel separator for various 
chemistry tests, stool, and urine samples were also collected and 
transported to the main laboratory of Arsi University for hematological 
analysis and screening tests to determine the health characteristics of 
the study participants. Anthropometric measurements (height and 
weight) and related physical examination data such as blood pressure 
were taken on-site. Complete blood count (CBC) and differential 
blood count will be performed on the blood sample using Sysmex 
KX-21 N, an automated three-part differential hematology analyzer. 
Hepatitis B virus was screened using the One Step HBsAg test, and 
HCV and HIV were screened using the One Step HCV antibody and 
HIV antibody tests. The interviews and the blood sample collections 
were performed from 1 January 2020 to 30 April 2020.

Sample collection procedure

Each participant fasted from food and water for at least 8 h, as 
common clinical chemistry tests were also determined for this study 
participant. Blood from each participant was drawn from the cubital 
vein into appropriate blood collection tubes using vacuum tube 
needles aseptically. K2EDTA tubes were used for CBC analyses. SST 
was used for serology and common clinical chemistry tests. Samples 
collected in SST tubes were separated by centrifugation at 3,000 rpm 
for 10 min to investigate anti-HCV, anti-HIV, syphilis, and HBsAg 
levels. All study participants provided urine samples for urinalysis in 
the red top containers or urine cups and stool samples into the stool 
cup for stool examination. Samples were transported and tested within 
4 h after collection. The stool was examined by wet mount and formal-
ether concentration method, and urinalysis was performed using 
urine dipstick and microscopy.

Principle of hematological assay

The principle of hematological assay was the impedance or coulter 
principle, which was based on the detection and measurement of 
changes in electrical resistance produced by a particle suspended in a 
conductive liquid as it was drawn through a small aperture. The blood 
sample is diluted in saline, which is a good conductor of electrical 
current. DC is applied between the two electrodes. Electrical resistance 
or impedance occurs as the cells pass through the aperture causing a 
change in voltage. The change in voltage generates a pulse. Each cell 
momentarily increases the electrical resistance between two electrodes. 
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The amplitude and size of the pulse depend on the cell volume. A 
complete blood count (CBC) was performed on the blood sample 
using Sysmex KX-21 N, an automated three-part differential 
hematology analyzer. The machine automatically dilutes 50 μL of whole 
blood sample in the CBC/differential mode, lyses, and directly 
measures WBC, RBC, HGB, HCT, PLT, LYM #, MIXED #, and NEUT 
#. The remaining parameters such as MCV, MCH, MCHC, MPV, 
RDW-CV, and RDW-SD, and differential percentages of LYM%, 
MIXED%, and NEUT% are calculated or derived from directly 
measured parameters. The KX-21 N evaluated the counts and sizes of 
red blood cells (RBC) and platelets (PLT) using electronic resistance 
detection (Figure 1).

Variables of the study

Dependent variables
The reference interval of common hematological parameters is the 

dependent variable.

Independent variables
In this study, factors that were used as independent variables were 

age and sex.

Operational definition

Healthy: An individual who has no signs and symptoms and 
history of any disease and a negative result for the screening tests.

Geriatric: Individuals of the age group of 60 years and older (≥60).
Hematological parameters: WBC differentials and absolute count, 

RBC, and platelet parameters.
Reference interval (RI): The 95 percentile interval between the 

97.5 and 2.5 percentile which forms the upper and lower 
reference limit.

Data quality control

To ensure the quality of the data, a pretest was performed on 5% of 
the total study population at AURTH to ensure the agreement of the data 
abstraction format. The data collectors were trained before the data 
collection process. Supervision and checking were performed to ensure 
the completeness and consistency of the data. The gathered data were 
examined for completeness and consistency during data extraction.

Data analysis procedure

All the data were coded and checked for completeness, then 
entered into Epidata, and analyzed using SPSS version 21 statistical 
software for Windows. The data were tested for normality of 
distribution using the Kolmogorov–Smirnov test; therefore, the 
non-parametric methods for the determination of RI were used as 
recommended by CLSI. Median, central 95 percentile, and 90% 
confidence interval (CI) were calculated. The 97.5 percentile and 2.5 
percentile were the upper and lower reference limit for the population. 
The data for the hematological parameters were collected and analyzed 
using SPSS version 21 software. The point estimate of the mean and 

the median with an interval estimate of 2.5 percentile and 97.5 
percentile were provided as the reference values. The significant 
difference between sex groups was determined using the Wilcoxon 
rank-sum test (Mann–Whitney U test). p value <0.05 was considered 
statistically significant.

Results

Sociodemographic characteristics

From 342 geriatrics, 70 individuals (20.5%) were excluded with 
different exclusion criteria and only 272 geriatrics participated in the 
study. Among the 272 individuals, 134 (49.3%) were women and 138 
(50.7) were men. In total, 36% attained primary education level and 
73.2% were orthodox christen followers (Table 1). The mean and age 
range of the study participants was 65.82 and 60–90 years, respectively. 
Age categories were grouped by age standardization of a new WHO 
standard (22).

Hematological reference intervals

Frequency histograms were prepared to check for normality of 
some of the hematological parameters and they showed the Gaussian 
distribution. The following figures showed the Gaussian distribution 
of the PLT, RBC, and WBC among men and women in the histogram 
(Figure 2).

The means, median, and reference interval (2.5–97.5 percentile) for 
male and female geriatric populations are presented in Table 2. The 
reference intervals were calculated based on the IFCC and the CLSI 
guidelines. Most of the hematological parameters showed significant 
differences across genders. Men had higher WBC (3.1–9.66 × 109/L vs. 
3.13–8.4 × 109/L), RBC (3.80–5.85 × 1012/L vs. 3.94–5.48 × 1012), HGB 
(12.4–17.76 g/dL vs. 12.5–16.4 g/dL), HCT (35.06–50.2% vs. 36.49–
48.2%), NEU% (24.06–70.5% vs. 23.67–67.86%), and MIX cell number 
(0.3–1.56 × 109/L vs. 0.3–1.4 × 109/L) than women, whereas women had 
higher PLT (137.5–406.0 × 109/L vs. 115.8–353 × 109), and LYM % 
(21.88–64.79% vs. 18.84–59.2%) than men. On the other hand, the 
MIX% cells, absolute lymphocyte number, RDWCV, PDW, and MPV did 
not show statistically significant differences among the genders (p > 0.05).

FIGURE 1

Electrical impedance principle of Sysmex kx-21. WBC: DC detection 
method. RBC: DC detection method. HGB: Non-cyanide 
hemoglobin analysis method.
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In the Table  3, the determined RI for MCV, MIX%, LYM 
NUMBER, RDWCV, PDW, and MPV was combined since they were 
insignificant among men and women. However, for the rest of the 
parameters, the RI was established separately because they were 
significant among the two genders.

As shown in Table 4, the reference interval was compared to the 
existing reference interval which is derived from the manufacturer and 
the manual book of Sysmex kx-21. These values are currently used in our 
laboratory. The lower limits of the NEU%, absolute NEU count in both 
women and men, and platelet count in men were comparably lower than 
the existing RIs. Both the lower and the upper limits showed an 
increment with the WBC and MCH in men and RBC, MCHC, HGB, 
HCT, LYM%, LYM Numbers, and slightly mixed count cell values in 
both men and women when compared to existing reference interval. 
MCV, PLT, MIX%, and PDW in both women and men and NEU% in 
women showed a mild decrease in the upper limits as compared to the 
laboratory RI. In addition, HGB showed the maximum percentage of the 
study individuals (76% of women and 57% of men) outside the existing 
reference values, followed by RBC (58.64% of women and 15.5% of men).

Discussion

Reference interval studies are scarce on the elderly in Africa. 
Existing publications on RI in Africa are generally limited to specific 
sub-populations: usually children or individuals of ≤60 years. The 
absence of precise and dependable reference intervals for Africans 
including the Ethiopian geriatric population has led numerous clinical 
laboratories to rely on reference values provided by in vitro diagnostic 
company kit inserts, textbooks, or published literature. This practice 
can potentially lead to erroneous interpretation of laboratory test 
results, resulting in the misdiagnosis of patients. Recognizing the 
significance of addressing these crucial problems, this study was 
conducted to establish reference intervals for hematological complete 
blood count parameters in healthy geriatric populations in Asella, 
Southeast Ethiopia. The lower reference limits for RBC and HGB 
count in this study are lower in male population and higher in female 
population (RBC 3.8 vs. 4.1 × 1012/L in men and 3.94 vs. 3.7 × 1012/L in 
women), (HGB 12.4 vs. 13 in men and 12.5 vs. 11.1 in women) than 
those reported from the study on complete blood count reference 
intervals and patterns of changes across pediatric, adult, and geriatric 
ages in Korea (23).

Gender differences in RBC, HGB, and HCT observed in this study 
were also similar to studies in six geographical regions in China, a 
study conducted to establish a reference interval in Canada and 
population-based hematology reference ranges for older people in 
rural south-west Uganda, which showed that women had lower values 
than men (8, 24, 25). This trend was also observed in another study 
conducted among the healthy Ugandan population, where RBC 
parameters such as RBC, Hgb, and Hct values showed decrement 
among women (26). Meanwhile, the much lower HGB levels in 
women were attributed to decreased metabolic demand, decreased 
muscle mass, and lower iron stores due to menstruation (27).

This is to compare mean HGB, HCT and RBC between our 
study with other study. These findings reflected that RBC 
parameters are affected by altitude. In the current study, the 
finding was lower when compared to the study in three high-
altitude towns, namely, Cojata, Ananea, and Rinconada which are 
located at greater than 4,355, 4,660, and 5,500 m, respectively, 
which was higher than our study area which was located at 
2,430 m above the sea level (28).

In this study, having a higher mean value of PLT count in women 
than in men was similar to another study from Chennai, Southern 
India, which aimed to establish reference intervals for the 
hematological parameters among individuals aged 18–70 years, which 
include geriatric population (29). This could be due to a hormonal 
influence on their regulation. The process by which megakaryocytes 
proceed to proplatelet formation and platelet production is reportedly 
under the influence of autocrine estrogen (30). Additionally, estrogen-
receptor antagonists inhibit platelet production in vivo, supporting the 
role of estrogens in platelet production (31).

Men have also a higher mixed count and neutrophils than women 
and appeared to be consistently lower in women than in men across 
all age groups, which was similar to the study on aging and the 
hematological profile of the Australian community (12). The difference 
in mixed count may be due to the presence of allergic and parasitic 
diseases in the healthy elderly subjects, which is not excluded during 
screening tests such as parasitic examination or while filling 

TABLE 1 Sociodemographic distribution of the study population.

Variable Sociodemographic 
characteristics

Frequency Percentage

Sex

M 138 50.7

F 134 49.3

Total 272 100

Age group

60–64 138 50.7

65–69 64 23.5

70–74 38 14

75–79 15 5.5

≥80 17 6.3

Total 272 100

Educational 

status

Illiterate 36 13.2

Read and Write 37 13.6

Primary 1–8 98 36

Secondary 9–12 53 19.5

College Diploma and above 48 17.6

Total 272 100

Religion

Catholic 2 0.7

Protestant 13 4.8

Muslim 58 21.3

Orthodox Christian 199 73.2

Total 272 100

Occupation

Private employee 20 7.4

Farmer 32 11.8

Governmental employee 44 16.2

Housewife 79 29

Others like pension 97 35.7

Total 272 100
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FIGURE 2

Frequency histogram for selected hematological parameters among men and women in a healthy geriatric population in Asella town, Southeast 
Ethiopia.
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questionnaires, falsely making negative for individuals with allergic 
conditions (32).

Compared to other reference values established in the Canada 
Health Measures Survey, the currently established reference 
interval was lower for the lower limit of PLT (115.8–353 × 109/L) 
vs. (151.8–324 × 109/L) for men and (137.5–406 × 109/L) vs. 
(153.2–361 × 109/L) for women and also have both upper and 
lower limit WBC (3.1–9.66 × 109/L vs. 3.8–10.4 × 109/L) for men 

and (3.13–8.4 × 109/L vs. 3.8–10.4 × 109/L) for women and NEU 
number (1.14–6.5 × 109/L vs. 2.0–6.4 × 109/L) for men and both 
upper and lower limit of NEU number (0.84–5.32 × 109/L vs. 
2.0–6.4 × 109/L) for women (8). It was also observed in our study 
that the complete blood count medians of WBC, RBC, HGB, HCT, 
and platelet were lower than the study conducted in population-
based hematology reference ranges for old people in rural south-
west Uganda (25).

TABLE 2 Mean, medians, and 95% (2.5 and 97.5th percentiles) for the upper and lower limit about sex among health geriatrics in Asella town, Southeast 
Ethiopia.

Parameter Sex Unit No* Median Mean Min Max 95% p value

2.5th 97.5th

WBC
M

109/L
133 6.1 6.22 2.7 10.2 3.1 9.66

0.015
F 133 5.5 5.71 3 9 3.13 8.4

RBC
M

1012/L
135 5 4.93 3.6 5.95 3.8 5.85

0
F 133 4.7 4.68 3.69 5.6 3.94 5.48

HGB
M

g/dL
133 15.5 15.38 11.7 18.3 12.4 17.76

0
F 130 14.35 14.29 11.4 17.4 12.5 16.4

HCT
M

%
134 44 43.9 34 50.8 35.06 50.2

0
F 131 41.3 41.5 34.6 51.3 36.49 48.2

MCV
M

FL
138 89 89.07 79.4 98.6 81.64 98.15

0.215
F 131 88 88.49 80.5 98.6 82.39 97.36

MCH
M

Pg.
138 31.3 31.3 26.2 35.6 27.78 34.8

0
F 129 30.4 30.5 26.9 34.7 27.25 34.1

MCHC
M

%
133 35 35.04 33.2 37.1 33.5 36.56

0
F 127 34.5 34.5 32.6 36.7 32.72 36.26

PLT
M

109/L
135 224 233 93 364 115.8 353

0.025
F 134 246.5 253.5 66.8 412 137.5 406

LYM%

M

%

138 36.1 37.35 11.9 68 18.84 59.2

0.002F 133 40.2 41.3 17.8 65.3 21.88 64.79

NUE%
M

%
138 52.5 50.64 20.8 73.6 24.06 70.5

0.02
F 134 48.6 47.4 16.4 69.9 23.67 67.86

MIX%
M

%
133 11.6 11.77 1.6 22.2 4.6 21.56

0.23
F 133 10.4 11.17 4.9 21.9 5.3 21

LYM NUMBER
M

109/L
134 2.1 2.24 0.6 4 1.14 3.6

0.554
F 132 2.3 2.28 1.1 4 1.2 3.8

NUE NUMBER
M

109/L
137 3.2 3.3 0.7 6.9 1.14 6.5 0.004

F 134 2.85 2.8 0.7 5.5 0.84 5.32

MIX NUMBER M 109/L 133 0.7 0.72 0.1 1.7 0.3 1.56 0.003

F 132 0.6 0.63 0.3 1.5 0.3 1.4

RDW CV M % 133 13.1 13.02 11.1 14.9 11.47 14.66 0.194

F 129 12.9 12.95 11.4 15.7 11.6 15.6

PDW M Fl 134 12.9 13.2 8.5 18.3 10.33 17.1 0.82

F 129 13.2 13.23 9.3 18 10.42 17.3

MPV M Fl 137 10.6 10.61 8.7 13.4 8.84 12.67 0.709

F 133 10.6 10.65 8.5 13.2 9.03 12.96

*The number of study samples shown in the above table was outlier-cleaned data for each parameter.
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The lower and upper limits of the WBC, PLT, and RDWCV in 
both men and women, the upper limit of RBC, HCT, and HGB in 
women, the upper and lower limit of HGB and HCT in men, and 
the upper limit of MCV in both women and men decreased slightly 
when compared to other reports conducted in southwest Ethiopia. 
However, the lower limit of RBC, HCT, and HGB in women, lower 
limit of MCV in both sexes, and lower limit of absolute neutrophil 
show slight increment (11). This difference in hematological 
parameters within one country could be  due to differences in 
geographical factors, habits of lifestyle, age group, dietary pattern, 
and altitude. The overall decrease could be due to the gradual loss 
of androgens, which stimulate increased production of erythrocytes 
(33, 34).

Both the upper and lower limits of WBC in both men and women, 
the upper and lower limits of RBC, HCT, and HGB in men, and the 
upper limit of HGB and HCT in women in this study were lower when 
compared to the study established reference intervals for hematology 

test parameters from apparently healthy geriatric individuals in 
Southwest Ethiopia (11).

The RI established in this study for WBC, RBC count, Hgb, Hct, 
MCV, MCH, MCHC, LYM number of mixed cell count, platelet, and 
RDW differed from the existing reference intervals utilized in Asella 
Referral and Teaching Hospital, which were taken from the manual book 
of Sysmex kx-21 (35). The established reference interval for the above 
parameters was higher than the existing reference interval. This might 
be due to differences in the study area and setting and the genetics of the 
study participant. The strength of this study was assessing the disease 
(acute and chronic) condition of each participant and selecting only 
eligible participants after performing screening tests for each with 
challenges such as COVID-19, which makes it difficult while some of the 
data collected after COVID-19 and processing of laboratory tests.

The study had certain limitations. A fundamental limitation is 
that the study participants were selected on the basis of their 
willingness to participate in the study by the convenient sampling 

TABLE 3 Established reference interval of hematological parameters among healthy geriatrics in Asella town, Southeast Ethiopia.

Parameter Unit Sex Sample 
number

Lower 
limit

Upper 
limit

Lower 90% 
CI

Upper 
90% CI

p value

WBC 109/L M 133 3.1 9.66 2.86–3.34 9.42–9.9 0.015

F 133 3.13 8.4 2.93–3.33 8.2–8.6

RBC 1,012/L M 135 3.8 5.85 3.73–3.87 5.78–5.91 0.000

F 133 3.94 5.48 3.89–3.99 5.43–5.53

HGB g/l M 133 12.4 17.76 12.2112.58 17.58–17.94 0.000

F 130 12.5 16.4 12.37–12.63 16.27–16.53

HCT % M 134 35.06 50.2 34.57–35.55 49.71–50.69 0.000

F 129 36.49 48.2 36.11–36.86 47.82–48.57

MCV fL M/F 269 81.95 97.9 81.56–82.3 97.5–98.3 0.215

MCH Pg M 138 27.78 34.8 27.55–28.0 34.57–35.03 0.000

F 129 27.25 34.1 27.02–27.48 33.87–34.33

MCHC Pg M 133 33.5 36.56 33.38–33.62 36.44–36.68 0.000

F 127 32.72 36.26 32.6–32.8 36.11–36.14

PLT 109/L M 135 115.8 353 107–124 344–361 0.025

F 134 137.5 406 128–147 396–415

LYM% % M 139 18.84 59.2 17.39–20.3 57.7–60.6 0.002

F 133 21.88 64.79 20.4–23.4 63.3–66.3

NEU% % M 138 24.06 70.5 22.5–25.7 68.9–72.1 0.02

F 134 23.67 67.86 22.0–25.3 66.2–69.5

MIX% % M/F 266 5.1 21.2 4.7–5.5 20.8–21.6 0.154

LYM NUMBER 109/L M/F 266 1.2 3.6 1.1–1.3 3.54–3.66 0.547

NEU NUMBER 109/L M 137 1.14 6.5 0.9–1.3 6.3–6.7 0.004

F 134 0.84 5.32 0.68–1.0 5.16–5.48

MIX NUMBER 109/L M 133 0.3 1.56 0.26–0.34 1.52–1.6 0.003

F 132 0.3 1.4 0.26–0.34 1.36–1.44

RDWCV % M/F 262 11.6 14.74 11.56–11.7 14.66–14.82 0.194

PDW fl M/F 263 10.4 17.1 10.2–10.6 16.9–17.3 0.8

MPV fl M/F 270 8.97 12.9 8.8–9.06 12.8–12.99 0.838
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method. These factors might create selection bias which may limit the 
possibility of generalizing the result obtained in this study to the 
entire geriatrics population in Asella town. Furthermore, it was also 
not possible to screen for all medical conditions such as 
inflammation-related disease, drugs, and occupational exposure 
which may have an influence on the results obtained. Irrespective of 
the highlighted shortcomings, it is our position that the established 
RI may have utility for diagnostic laboratories in Asella town. The 
other limitation is that due to the limitation of resources, RIs for 

other hematological parameters such as coagulation profiles and ESR 
were not included in this study.

Conclusion

Accurate gender and age-specific reference intervals are crucial in 
managing patient health. The current study offers essential CBC 
hematological parameters that can assist clinicians in interpreting 

TABLE 4 Established reference interval, existing reference interval, and percentage of the outlier of study participants from existing reference interval 
among healthy geriatric population in Asella town, Southeast Ethiopia.

Parameter Sex Number Established RI (2.5–
97.5) percentiles

Existing RI % of individuals 
outside the existing 

RI

WBC
M 133 3.1–9.66 2.6–8.8 6.76

F 133 3.13–8.4 3.1–10.3 N/A

RBC
M 135 3.8–5.85 3.6–5.3 15.5

F 133 3.94–5.48 3.2–4.6 58.64

HGB
M 133 12.4–17.76 11.3–15.7 57

F 130 12.5–16.4 9.9–13.6 76

HCT
M 134 35.06–50.2 32.6–47.5 14.9

F 131 36.49–48.2 30.2–42.3 38.16

MCV
M 138 81.64–98.15 80.3–103.4 2.17

F 131 82.36–97.36 78.6–102.2 2.29

MCH
M 138 27.78–34.8 26–34.4 3.6

F 129 27.25–34.1 25.2–34.7 N/A

MCHC
M 133 33.5–36.56 31.8–36.3 4.5

F 127 32.72–36.26 31.3–35.4 10.23

PLT
M 135 115.8–353 134–377 4.4

F 134 137.5–406 128–434 N/A

LYM%
M 138 18.84–59.2 17.5–47.9 17.39

F 133 21.88–64.79 15–45.8 31.57

MIX%
M 133 4.6–21.56 1.9–24.6 N/A

F 133 5.3–21.0 1.3–25.9 N/A

NEU%
M 138 24.06–70.5 38.3–69 23.9

F 134 23.67–67.86 43.7–77.1 33.58

LYM NUMB
M 134 1.14–3.6 0.8–2.7 23.13

F 132 1.2–3.8 0.9–2.8 16.66

MIX NUMB
M 133 0.3–1.56 0.1–1.5 2.25

F 132 0.3–1.4 0.1–1.6 N/A

NEU NUMB
M 137 1.14–6.5 1.2–5.3 8

F 134 0.84–5.32 1.6–6.9 13.43

RDW-CV
M 133 11.47–14.66 10.8–14.9 N/A

F 129 11.6–15.6 10.6–15.7 N/A

PDW
M 134 10.33–17.1 9.8–18.0 0.74

F 129 10.42–17.3 9.8–18.0 0.77

MPV
M 137 8.84–12.67 8.1–12.4 2.18

F 133 9.03–12.96 8.1–12.4 5.26

N/A, Not available.

https://doi.org/10.3389/fmed.2024.1373283
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Hashim Harka et al. 10.3389/fmed.2024.1373283

Frontiers in Medicine 10 frontiersin.org

laboratory results and can improve healthcare quality in the geriatric 
population. Therefore, it is more relevant to use the current RIs in the 
geriatric set-up.
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Glossary

CBC Complete blood count

CD4 Cluster of differentiation 4

CI Confidence interval

CLSI Clinical Laboratory Standard Institute

DC Direct current

DERC Departmental Ethical Review and Research Committee

EDTA Ethylene diamine tetra acetic acid

FBC Full blood count

HBsAg Hepatitis B surface antigen

HBV Hepatitis B virus

HCT Hematocrit

HCV Hepatitis C virus

Hgb Hemoglobin

HIV Human immunodeficiency virus

IFCC International Federation for Clinical Chemistry and Laboratory Medicine

LYM Lymphocyte

MCH Mean corpuscular hemoglobin

MCHC Mean corpuscular hemoglobin concentration

MCV Mean cell volume

MPV Mean platelet volume

MIXED Basophil, eosinophil, and monocyte

NEUT Neutrophil

PCV Packed cell volume

PDW Platelet distribution width

PLT Platelet

RBC Red blood cell

RDW-CV Red blood cell distribution width coefficient of variation

RDW-SD Red blood cell distribution width standard deviation

RI Reference interval

SOP Standard operating procedure

SST Serum separator tube

WBC White blood cell

WHO World Health Organization
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