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Purpose: This study was designed and conducted to validate the reference values of hematological parameters for healthy adult male
and female residents of Kabul city, Afghanistan.

Methodology: In this cross-sectional study, the samples were collected according to a non-random sampling method. Blood samples
were collected from students and employees of Kabul University. The study included 166 males and 125 females, aged 18—45 years.
The selection and exclusion of participants were carried out according to a questionnaire and the assessment of serum ferritin and
vitamin B, levels. Candidates with lower serum ferritin and vitamin B),, a history of chronic disease, females with menstruation or
pregnancy, and those with chronic abdominal pain were excluded.

Results: Reference ranges for all blood parameters were determined by a non-parametric method. The determined reference values
were compared between males and females by the Z-test. Reference intervals for hemoglobin (4.5-6.3 g/dL for males and 3.66-5.67 g/
dL for females) and hematocrit (36.23-55.93% for males and 30.20-53.86% for females) were significantly (p<0.05) higher in males.
No significant (p<0.05) differences were observed between the reference intervals for the red blood cell count.

Conclusion: Therefore, we conclude that the commonly used reference intervals should be revised for the Afghan population, as our
findings indicated higher reference values for the hemoglobin and hematocrit indices.
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Introduction

Successful therapy is the basic aim of a healthcare system. Scientists are working hard to invent new medicines and more
effective treatment strategies. But all of these efforts can only be successful when there is an accurate diagnosis of the
disease. For accurate diagnosis, along with the signs and symptoms of disease, medical laboratories play a pivotal role.
Good laboratory practices ensure more accurate results. All of the strategies of good laboratory practices aim to establish
the patient as a patient and the healthy individual as healthy. To achieve this aim, although the laboratory equipment,
standards and qualified staff are important, the presence of correct reference ranges is equally important.'

The reference range or reference interval is the range of values of a specific analyte found in 95% of the healthy
reference population. Historically, the term used was the “normal range”, but according to ISO 15189, the use of the term
normal range is now considered incorrect. This is because, first, 5% of healthy individuals do not meet the criteria or their
results are outside the range, and second, “normal” is the term used for the normal distribution in statistics, but the
distribution of findings in the reference interval is not always normally distributed.

A number of factors can affect the results of any analyte while comparing it with the reference range. These include,
age, sex, ethnic group, certain conditions such as pregnancy, athletic lifestyle, and environmental influences. Individual
history and personal information are important to enable comparison of an individual’s results with the right reference

interval. Therefore, it is important that a distinct reference interval is used for each group of people.”
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An accurate reference interval is important not only for diagnostic purposes but also for screening purposes. In
Afghanistan, anemia is a common problems in women of reproductive age and in children; therefore, screening tests are
usually running continuously in different parts of the country to assess the need for new treatments and preventive
strategies.* However, hematological parameters can be affected by different factors, such as age, body build, ethnic
group, nutritional habits, and living environment, especially altitude.’ It is therefore crucial to find out the reference
ranges for the Afghan population.

In Afghanistan, medical laboratories use either the reference intervals from textbooks, usually originating in western countries,
or the reference intervals provided by manufacturing companies, which are imported from different regions of the world. So far,
there has been no validation of reference intervals for the Afghan population.® Thus, in this study, we investigated the ranges of
hematological parameters among the Afghan population and compared them with the reference intervals.

Subjects and Method

The study was performed in accordance with the ethical standards laid down in the Declaration of Helsinki. The
methodology was reviewed and approved by the research committee of the Faculty of Pharmacy, Kabul University,
and the academic council of the Faculty of Pharmacy, Kabul University. For validation purposes, we used the reference
intervals of three well-known laboratories in Kabul city; each of these laboratories uses different reference intervals,
although they cover the same population. Then, according to the CLSI guideline, we analyzed the blood samples of 20
reference individuals to analyze the validity of the existing reference intervals. More than 10% (more than two) were
outside these reference intervals. We collected the blood samples of 20 more reference individuals, and the results of
more than 10% fell outside the existing reference intervals. Thus, we decided to establish the reference intervals of
hematological parameters for the Afghan population. This study is the first to be conducted in Afghanistan for the
analysis of reference intervals of hematological parameters.

The study was designed as a cross-sectional study and conducted from October 2017 to March 2018. Sampling was
performed using a non-random sampling method (convenience sampling), and subjects were selected from the male and
female students and workers at Kabul University. Recruitment was carried out by placing written posters about the
research in different parts of university. Informed written consent forms were signed by all volunteers, and they were
interviewed using a written precoded questionnaire. Candidates with the following criteria were selected for sampling:

e Aged 1845 years

e Do not have a chronic disease, eg, cardiovascular disease, hypertension, diabetes
e Have not had a blood transfusion in the past 3 months

e Have not donated blood in the past 3 months

e Do not have internal or external bleeding

e Females without pregnancy or menstruation

e Do not have a history of abdominal pain (a sign of intestinal parasites)

e Should not be a smoker or an addict.

Blood Sampling
Blood samples were collected using Vacutainers in two distinct tubes (EDTA and gel tubes, 3 mL in each) following
standard phlebotomy techniques.

Determination of Blood Parameters

In blood samples obtained in EDTA tubes, the hemoglobin (Hb), hematocrit (HCT), red blood cell (RBC) count, and
blood indices (mean corpuscular volume [MCV], mean corpuscular hemoglobin [MCH], mean corpuscular hemoglobin
concentration [MCHC]) were determined using a Medonic hematology analyzer. The procedure was carried out three
times for each test and the mean of all three results was selected. If a blood sample was damaged, the candidate was
requested to give another blood sample.
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Determination of Ferritin and Vitamin B,

The blood samples obtained in gel tubes were centrifuged and then stored at —20°C until further analysis. On the day of
analysis, the blood the serum was brought up to room temperature, and serum ferritin and vitamin B, levels were
determined by the ELISA method with an RT2100C microplate reader, following the manufacturer’s guidelines.

Statistical Analysis

The data were arranged in Microsoft Excel and reference intervals were determined using MedCalc (MedCalc statistical
software version 15.2). Reference intervals were determined by a non-parametric method; for data with a normal
distribution, the reference interval was determined as the mean+2SD, and for data that were not normally distributed,
the central 95% of numbers was selected as the reference interval.

Normality was assessed by the Shapiro—Wilk normality test, which is considered the best test of normality for the data
frequency more than 50. For the determination of outliers, the method of Reed 1971 was used. Differences between
males and females were analyzed by the Z test at a significance level of p<0.05.” The reference ranges are shown as box-
and-whisker plots.

Results

In this study, 240 males and 198 females participated; 63 males and 54 females were excluded as a result of the questionnaire,
and 11 males and 19 females were excluded because of low levels of ferritin. The level of vitamin B, was normal in all
participants. Therefore, the results of 166 males and 125 females were analyzed for determination of the reference ranges.

First, we determined the reference ranges for Hb, HCT, and RBC count for both the male and female population. We
used the non-parametric method for the determination of the reference range; for normally distributed data, the reference
range was selected as mean+2SD, and for data that were not normally distributed the reference range was determined as
the middle 95% of data. We also compared the difference of reference ranges of each parameter for both groups of male
and female to determine whether the difference was significant. According to the skewness, kurtosis, results of the
Shapiro—Wilk test, and p values, HCT and RBC were normally distributed for the female population, and HCT was
normally distributed for the male population, while the distribution of other parameters was not normal (Figure 1).

In the male population, the lowest recorded values were Hb 13.4 g/dL, RBC 4.3 million/uL, red blood cell
distribution width (RDW) 9.6%, and HCT 34.1%, while the highest values were Hb 19 g/dL, RBC 7.2 million/pL,
RDW 12.6%, and HCT 56.5%. According to the kurtosis, skewness, and Shapiro—Wilk test using MedCalc software,
only the distribution of Hb was normal, and the reference ranges were determined by the non-parametric method. In
female candidates, the lowest recorded values were Hb 9.3 g/dL, RBC 3.6 million/uL, RDW 7.9%, and HCT 26.5%,
while the highest recorded values were Hb 18 g/dL, RBC 6.2 million/uL, RDW 14.5%, and HCT 56.3%. The results of
these parameters are listed in Table 1.

According to the analyses of kurtosis, skewness, and the Shapiro—Wilk test, the data for all three parameters (Hb,
RBC and HCT) in both male and female candidates, were not normally distributed (Table 1). The results for RBCs were
normally distributed, while all other parameters rejected the normality test; hence, it was preferred to define the reference
range according to the non-parametric method. Therefore, the reference intervals of Hb, RBC, and HCT were determined
by MedCalc software as 90% reference intervals (Table 2).

Levels of blood indices were determined automatically using a Medonic hematology analyzer. For male candidates, the
lowest values of blood indices were recorded as MCV 22.7 fL., MCH 22.7 pg, and MCHC 31.6 g/dL, and the highest
recorded values were MCV 92 fL,, MCH 33.8 pg, and MCHC 39.3 g/dL. For female candidates, the lowest recorded
numbers were MCV 59.8 fL, MCH 19.9 pg, and MCHC 32.3g/dL, and the highest recorded numbers were MCV 97.4 fL,
MCH 33.4 pg, and MCHC 32.3g/dL. The results are listed in Table 3. For the determination of reference ranges of blood
indices, the same statistics were measured. All of the determined blood indices, MCV, MCHC, and MCH, rejected the
Shapiro—Wilk test.

The reference ranges of the blood indices were determined by a non-parametric method using MedCalc software as
90% confidence intervals (Table 4).
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Figure | Box-and-whisker graphs of blood parameters obtained by MedCalc statistical software. (A) is belong to female hemoglobin, most of the data is between 11.9 to 16,
(B) is belong to male Hb, the data is normally distributed therefore the length of whiskers are similar and from graph it is clearly can be observed that the reference interval
is between 13.7-17.7, (C) is belong to the female RBCs the data is normally distributed and the reference range clearly observed from the middle point of whiskers. (D) is
representing the RBCs of male candidates, the majority of data is situated between 4.9 to 6.5. (E) is belonging to the female HCT, most of the data is situated between 34 to
47 and the data is not distributed normally. (F) is representative of male HCT the data is not distributed normally and most of the data is situated between 38 to 52. (G) is
belong to the female RDWY, the data is not distributed normally, (H) is representative of male RDW, the data is not distributed normally. (I) represents female MCYV, data is
not distributed normally, (J) represents MCV for male population, (K) represents MCH for female population, (L) represents MCH for male population, (M) represents
MCHC for female population, (N) represents MCHC for female population.

Discussion

The aim of reference values is to categorize an individual in a real-world health situation as being a patient or a healthy
individual, or to show the real health situation according to the specific parameter; for example, if a person is suspected
as having diabetes, the blood glucose level should really show the difference between the healthy individual and diabetic
patients. According to the CLSI guideline (C28-A3), laboratories may adapt existing references that have been validated
by donor laboratories or manufacturers. For this purpose, a laboratory should analyze a parameter of interest in a small

Table | Statistical Analysis of Blood Parameters for the Determination of Reference Intervals

Hb RBC HCT
Female Male Female Male Female Male
Sample size 125 166 124 166 125 166
Lowest value 26.5 34.1 3.66 437 9.3 13.4
Highest value 56.3 56.5 6.28 7.26 18 19
Arithmetic mean 39.7928 45.43 4.9535 5.54 13.8 15.7
Median 39.2 454 4.88 5.51 13.7 15.7
Standard deviation 4.489 3.89 0.4415 0.46 1.3 1.02
Shapiro—Wilk test for | W=0.9317 W=0.9784 W=0.9854 W=0.9786 W=0.96 W=0.988
normal distribution (p<0.0001) Normality test Normality test Normality test Normality test Normality test
Normality rejected (p=0.010) | accepted (p=0.203) | rejected (p=0.011) | accepted (p=0.00) | accepted (p=0.2)
test rejected

Abbreviations: Hb, hemoglobin; RBC, red blood cell count; HCT, hematocrit.
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Table 2 Lower Limit and Upper Limit of Reference Intervals of Blood Parameters, with 90% Confidence Intervals

Hb RBC HCT
Male Female Male Female Male Female
Lower limit | 13.7561 10.6000 4.5480 4.0838 36.2375 30.2000
90% Cl 13.5290 to 13.9832 | 9.3000 to |1.8000 4.3700 to 4.8900 | 3.6600 to 4.3300 | 34.1000 to 39.1000 | 26.5000 to 34.4000
Upper limit | 17.7740 17.3350 6.7082 6.0000 55.9300 53.8600
90% ClI 17.5469 to 18.0012 | 16.0000 to 18.0000 | 6.3100 to 7.2600 | 5.6700 to 6.2800 | 52.1000 to 56.5000 | 47.0000 to 56.3000

Abbreviations: Hb, hemoglobin; RBC, red blood cell count; HCT, hematocrit.

Table 3 Statistical Analysis of Blood Indices for the Determination of Reference Intervals

MCV MCHC MCH

Female Male Female Male Female Male
Sample size 125 166 124 166 125 166
Lowest value 59.8 66.7 323 31.6 19.9 22.7
Highest value 97.4 92.9 39.3 41.8 338 34.6
Arithmetic mean 79.8384 82.0849 34.9336 34.7313 27912 28.5681
Median 80.5 824 347 347 28.1 28.6
Standard deviation 6.0887 4.0372 1.2449 1.314 2.4233 1.89
Shapiro—Wilk test W=0.9260 W=0.9232 W=0.9697 W=0.9766 W=0.9260 W=0.9715
For normal Normality test Normality test Normality test Normality test Normality test Normality test
distribution rejected (p<0.0001) rejected (p<0.0001) rejected (p=0.0066) rejected (p=0.0066) rejected (p<0.0001) rejected (p=0.0017)

Abbreviations: MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobin concentration; MCH, mean corpuscular hemoglobin concentration.

Table 4 Lower Limit and Upper Limit of Reference Intervals of Blood Indices, with 90% Confidence Intervals

MCHC g/dL MCH pg MCVHl
Female Male Female Male Female Male
Lower limit 32815 325 22.7 24.5225 64.4 72.745
90% Cl 32.3000 to 33.1000 | 31.6000 to 32.8000 | 19.9000 to 23.3000 | 22.7000 to 25.6000 | 59.8000 to 67.9000 | 66.7000 to 76.0000
Upper limit 37.555 37.6 33.095 33.5375 94.2 90.7075
90% Cl 37.3000 to 39.3000 | 36.8000 to 41.8000 | 31.0000 to 33.8000 | 31.3000 to 34.6000 | 86.6000 to 97.4000 | 88.6000 to 92.9000

Abbreviations: MCHC, mean corpuscular hemoglobin concentration; MCH, mean corpuscular hemoglobin concentration; MCV, mean corpuscular volume.

sample size (n=20) of its covered population, and if no more than two (10%) fall outside the reference interval, the

reference interval can be adopted; if more than two fall outside, then another 20 samples should be obtained, and then if

no more than two fall outside the existing reference range it can be adopted; otherwise, the laboratory should establish

a reference interval for its covered population.®

Several studies have been conducted and their results have shown that reference intervals are different for different

populations. For example, the reference ranges for African-American, African and Afro-Caribbean populations are lower

than for Caucasians.” Furthermore, climate and altitude are also known as factors having an effect on blood parameters.’

Kabul, the capital city of Afghanistan, is situated at an altitude of 1800 meters, and the population living in

Afghanistanconsists of numerous ethnolinguistic groups: mainly the Pashtun, Tajik, Hazara, and Uzbek and several

minorities.'® Until now, no research has been conducted to verify whether the reference ranges which are used in

laboratories in Kabul city are valid. Even the reference ranges used in laboratories in the same area were different from

those of the manufacturers of their machines. This research is the first study undertaken in Afghanistan; however, similar

research has been conducted in Iran, Pakistan, Iraq, Turkey, Africa, and Indonesia.
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The reference range for RBC in our research was greater than those determined in Pakistan, Uganda, and South Africa,
while it was similar to that in Turkey. Differences between the reference range of males and females were significant.”'"*'?

The reference range of hemoglobin was significantly different (p<0.05) for males and females; therefore, we suggest
different reference intervals for the two genders. The reference range of the hemoglobin level of the male Afghan
population is higher than the results from populations in Pakistan and Uganda, while it was similar to the reference
ranges of Turkey, Kenya, and South Africa. In the female population, the reference range was higher than in Pakistan and
South Africa, but wider than in Turkey, Kenya, and Uganda, meaning that the lower limit is lower and the higher limit is
higher than in these countries.”""

The reference range for hematocrit was significantly different for the male and female populations, and it was higher
than in Pakistan and Uganda and similar to those in Turkey, Kenya, and South Africa.®'>!3 For RDW, the difference
between the male and female populations was not significant; therefore, the same reference interval can be used for both
sexes. RDW was measured only in the population from Turkey, and their reference range was higher than the Afghan
population and also suggested the same reference interval for both sexes (Ozarda et al, 2017).° The reference range of
MCYV was not significantly different between the genders. In our study, the lower limit for the male population was
higher than in Uganda and the higher limit was lower than in Uganda, and in the female population the reference range
was lower than in Uganda. The reference ranges for East Kenya and South Africa were wider than our results.®'?!* For
MCH, the difference between the sexes was significant, and the reference range was lower than in Pakistan and was
similar to that in Turkey. The difference in the reference range of MCHC was not significant between the sexes, and the

results for Pakistan and Turkey were lower than our result.

Conclusion

The reference intervals for hematological parameters have not been validated in the Afghan population. Even well-
known laboratories are using the reference ranges suggested by the manufacturers of machines and reagents. According
to our results, these reference intervals are not accurate or valid for the Afghan population. We have established reference
intervals for hematological parameters for the Afghan population, particularly those living in Kabul city. However,
further studies are needed with a bigger sample size and random sampling method.

Disclosure
The authors report no conflicts of interest in this work.
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