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Background: Hematology laboratory analyses are essential in the diagnosis of and making
decisions on clinical cases. Hematology results are only meaningful when reference made to
a normal range of values for a particular population. These values are affected by race, diet,
and lifestyle the society.

Objective: To establish the hematological reference values for adult residents of the city of
Sulaymaniyah, Iraq.

Methods: Blood samples collected from 1133 healthy males and female volunteers were
analyzed for complete blood count, serum iron, and vitamin B12 concentrations. After
applying the exclusion criteria, the hematology results from 762 individuals comprising
313 males and 449 males were included in the study.

Results: The mean red blood cell count, hemoglobin concentration, hematocrit, and serum
iron concentration were higher in males than females while the neutrophil and platelet counts
and plateletcrit were higher in females than males.

Conclusion: This study for the first time recorded hematological reference intervals for
residents of the city of Sulaymaniyah.
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Introduction

The normal ranges for blood parameters vary significantly among those reported
because of the high diversity in the characteristics of samples within and between
populations. Thus, the range of values of the blood cell parameters for the normal
and abnormal cases may overlap, making the differentiation of marginal values for
the normal and pathological states problematic. Other factors that can produce
inconsistencies in the establishment of the range of normal values include nation-
ality, diet, and lifestyle of the individuals providing blood samples. For these
reasons, there is no true normal, thus, the terms “normal value” and “normal
range” have been replaced by reference values and the reference range, respec-
tively. In diagnostic testing, reference limits are also used to represent data obtained
from measurements on the reference population.’

Proper and accurate reference intervals are vitally important for the medical
assessment of patients. The reference interval is defined as the interval between 2
values in which 95% of the results for apparently healthy individuals would fall,
usually this implies between 2.5 and 97.5 percentiles of the distribution of test
results for a reference population. Ideally, each laboratory should establish its

databank of reference values that takes account of all variables affecting blood
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parameters. This is particularly true for diagnostic labora-
tories were the results of a patient’s test is expressed and
interpreted relative to the normal range of values.”

The Clinical and Laboratory Standards Institute (CLSI)
recommends that the establishment of a reference interval
of a laboratory to be done by testing at least 120 samples
from non-diseased individuals for each gender and age
group.? If this is not possible, the laboratory can adopt
by transference verified reference intervals established by
a different method. If the analyte is tested in the labora-
tory, it can also adopt another laboratory’s or the manu-
facturer’s reference interval.’

This study aims to establish the normal hematology
intervals for residents of the

reference city of

Sulaymaniyah, Iraq.

Methods

Study Location

This study conducted between December 2018 and
June 2019, recruited 1133 healthy individuals aged 18 to
95 years. All participants provided informed consent to
participate in this study from various health, educational,
and social centers in the Sulaymaniyah city, Northern Iraq.

Pre-Analytical and Analytical Phases

The pre-analytical and analytical phases of our study were
conducted according to the recommendations of the
International Federation of Clinical Chemistry Laboratory
Medicine (IFCC-LM) and the Clinical and Laboratory
Standards Institute (CLSI).> The study was performed
following the Declaration of Helsinki and approved by
the College of Medicine, University of Sulaimani,
Sulaymaniyah, Iraq with the approval number of COM/
UNIVSUL/2018/1140.

Inclusion Criteria

The participants were healthy adults, regardless of ethni-
city and religion, of various socioeconomic and profes-
sional groups, who were residents of the Sulaymaniyah
city.

Exclusions Criteria

Excluded from this study are individuals with any of the
following characteristics: pregnant, lactating, smoker,
alcoholic, donated blood in the last 6 months, sick with
major diseases such as cancer, undergoing chemotherapy,
renal disease, hypertension, diabetes mellitus, family

history of thalassemia, with skin tattoo, diarrhea in the
past 2 weeks, or had been vaccinated in the last 4 weeks.
Also exclude from the study were individuals with the
following test results: hemoglobin (Hb) concentration
<10 g/dL (2.5% of the normal population have Hb con-
centration lower than this value), white blood cell (WBC)
count <3.0 or >12.0 x 10? cells/L, serum iron <50 or >150
pg/dL, erythrocyte sedimentation rate (ESR) >25 mm/hour
for male or >35 mm/hour for female, vitamin B12 con-
centrations <190 pg/mL, and serum iron concentrations
<50 pg/dL.

The above exclusion criteria were applied after physi-
cal examinations of the participants and performed labora-
tory tests to exclude these abnormalities.

Blood Sampling

Blood sampling was done according to the CLSI
guidelines® for complete blood count and biochemical
analyses to determine serum iron and vitamin B12 con-
centrations. To avoid the effect of diurnal variations on
blood parameters and the effect of physical exercise, sam-
pling was done in the morning between 9:00 am - 12:00
pm. Approximately, 5.0 mL blood sample was withdrawn
from the antecubital vein into K3-EDTA or clot activator
gel tubes (BD Vacutainer® tubes from Becton, Dickinson,
United Kingdom). The blood samples were analyzed on
the same day and within 6 hours of collection. All analyses
were done at the Sulaymaniyah Public Laboratory,
Sulaymaniyah city, Northern Iraq.

Hematological Analysis

Complete blood count (CBC) was performed using the
automated hematological analyzer (Orphee Mythic 22
CT- 5Diff, Switzerland) to analyze for red blood cell
(RBC) count, hemoglobin (Hb) concentration, hematocrit
(Hct), mean cell volume (MCV), mean cell hemoglobin
(MCH), mean cell hemoglobin concentration (MCHC),
RBC distribution width (RDW), white blood cell (WBC)
count, WBC differential count (including neutrophils,
eosinophils, basophils, lymphocytes, and monocytes), pla-
telet counts, and plateletcrit (PCT).

Biochemical Analysis

Serum from blood samples in clot activator gel tubes was
subject to iron and vitamin B12 estimation using the
Elecsys kits (Roche Diagnostics, United Kingdom) and
a chemistry analyzer using Cobas e411 and cllchemistry
analyzer (Roche Diagnostics Ltd, United Kingdom).
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Statistical Analysis

The data were analyzed using IBM SPSS 20.0 (Illinois,
Chicago, USA). The studied groups were distributed
according to age (18-39 years, 40-59 years, and 60-95
years) for both sexes. The distribution of variables was
determined using Kolmogorov—Smirnov test. Quantitative
variables were expressed as mean + standard deviation,
and the 2.5th and 97.5th percentiles were used as the limits
for the reference intervals. Statistically significant was
defined by p < 0.05.

Results
Seven hundred and sixty-two (762) blood samples, com-
prising of 313 from males and 449 females, were subjected
to hematological and biochemical analyses. The results of
these analyses are presented in Table 1. The mean age of
males was slightly higher than female participants. The
mean platelet, neutrophil counts, and PCT were higher in
females than males, while the RBC count, Hb concentra-
tion, hematocrit, and serum iron concentration were higher
in males than females (p=0.001).

Data from the male and female cases were divided into
3 different age subgroups (18-39, 40-59, and 60-95
years). Only Hb value was statistically significant
(p=0.01) among age groups of males in which it decreased
with increasing of age (Table 2). However, this difference

was not seen in female age groups (Table 3).

Discussion
Complete blood cell count is the most frequently requested
laboratory analysis by a clinician for the diagnosis and
follow-up of clinical cases.* The determination of the
pathological states of patients is based on the comparison
with reference values or reference interval for the normal
population.” The establishments of these reference inter-
vals are dependent on the pre-analytical and analytical
methods used to obtain the values. Several inherent factors
can cause variability in the values, which include age, sex,
weight, environment, race and ethnic origin, biorhythms,
pregnancy, nutritional state, lifestyle, medication, and
tobacco and alcohol consumption.® Thus, a set of reference
intervals developed by a laboratory in a particular region
of the world may not be applicable for use in other labora-
tories elsewhere.

There is currently no established set of reference values
and intervals for hematological parameters that could be
used in the diagnosis of illness in patients of the Kurdistan

Region of Iraq. The current practice in the region is the use
of references established by other laboratories in Western
countries, values in brochures provided with diagnostic
kits, and reported reference intervals in literature. Since
these values are established elsewhere on populations with
entirely different characteristics from the Kurds, reference
to these values will certainly contribute to inaccuracies in
disease diagnosis and clinical decisions.

To establish the reference range for the hematological
parameter in our study, we recruited healthy adult males
and females from the city of Sulaymaniyah, Kurdistan,
Iraq. In this study, males were shown to have higher
RBC parameter values than females, while females had
higher WBC and platelet counts than males. These find-
ings are similar to those reported in other countries such as
Ghana,7’8 Turkey,9 Malaysia,lo China,11 and the United
Kingdom.'? It is well known that the differences in RBC
values between males and females are primarily due to the
influence of the androgenic hormone on erythropoiesis and
the menstrual blood loss in females."?

Based on the WBC counts in this study, it appears that
females would be more resistant to infection and inflam-
mation than males.'* However, contrary to our findings,
studies in Ghana showed no difference in WBC para-
meters among sexes.”” It is expected that because of
differences in race, diet, and lifestyle, the range of values
will differ among countries as shown by the differences
among the Africans, Caucasians, and Caribbeans.'> Even
within the same country like the United States of America
(USA), white Americans had higher Hct, Hb, MCV, and
WBC counts than blacks.'® The Kurds in our study also
showed higher mean RBC and platelet parameter values
than Africans.'* After excluding contributions from
genetic factors, this finding is expected because residents
of Kurdistan are less afflicted with nutritional challenges
and diseases than many countries of the African continent.

The reference intervals of WBC differential cell counts
are identical in males and females except for the absolute
neutrophil account which is higher in females than males.
This result is consistent with the study conducted in the
USA. The reasons for this difference might be attributed to
higher non-pathologic or sub-clinical inflammatory states
in healthy females than males. Generally, the absolute
neutrophil count was significantly lower in the black popu-
lation than in all of other groups.'’

In respect to various age groups; in males, lower Hb,
Hct, and platelet count were reported among older age
groups compared to younger ages (18-39 vs. 40-59 vs.
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Table | Reference Intervals for Hematological and Serum Biochemical Parameters for Male and Female Adults

Parameters Male (n=313) Female (n=449)

MeantSD 95% CI MeantSD 95% CI
Age (years) 40.9+14.6 39.3-425 38.5+13.1 37.3-39.7
RBCs (10'%/L) 5.2%+0.4 5.1-5.2 45404 4546
Hb (g/L) 155%+9 154-156 1368 135-137
Het (L/L) 0.452*+0.21 0.449-0.455 0.397+0.29 0.395-0.400
MCV (fL) 86.6+3.9 86.2-87.1 87.314.1 86.9-87.6
MCH (pg) 29.71.6 29.6-29.9 29.9+1.6 29.8-30.1
MCHC (g/L) 342+7 342-343 3427 342-343
RDW (%) 13.5 +0.9 13.4-13.6 13.9+1.0 13.9-14
Platelets (10°/L) 226.1%£50.9 220.4-231.8 263.5+59.3 258-269
MPV (fL) 8.9 0.9 8.8-9.0 9.1£1.0 9.0-9.2
PCT (%) 0.2* +0.04 0.2-2.0 0.8+12.0 0.3-1.9
WBC (total) (10%/L) 6.9£1.5 6.7-7.0 7.3%1.7 7.1-75
Neutrophils (10%/L) 3.8%t1.1 3.7-39 4.2+1.3 4.1-44
Lymphocytes (10%/L) 2.310.6 22-24 2.30.6 2.3-24
Monocytes (10%/L) 0.5+0.2 0.5-0.5 0.5£0.1 0.5-0.5
Eosinophils (10°/L) 0.1£0.1 0.1-0.2 0.1£0.1 0.0-0.1
Basophils (10°/L) 0.01+0.03 0.01-0.01 0.01+0.03 0.01-0.03
Fe (ug/dL) 110.4%+24.3 107.7-113.1 87.4+24.6 85.1-89.7
Vit BI2 (ng/mL) 353.8+101.6 342.5-365.1 366.9+106.7 356.1-375.7

Notes: *For each parameter, significance differences between means for males and females (p<0.05) using independent T-test.
Abbreviations: Cl, confidence interval; RBC, red blood cells; Hb, hemoglobin; Hct, hematocrit; MCV, mean cell volume; MCH, mean cell Hb; MCHC, mean cell Hb
concentration; RDW, erythrocyte distribution width; MPV, mean platelet volume; PCT, plateletcrit; WBC, white blood cells; Fe, Iron; Vit BI2, vitamin BI2.

Table 2 Differences in the Reference Intervals Among Adult Males Classified by Age at 2.5 and 97.5 Percentiles

Parameters RI 18-39 Years (N= 146) Rl 40-59 Years (N= 128) RI 60-95 Years (N= 39) p-value
WBC(103/dL) 4.4-10.6 4.2-104 44-88 0.596
Hb (g/dL) 13.6-17.4 13.3-17.0 13.0-17.0 0.017
Hct (%) 39.4-51.5 38.9-50.9 39.0-50.5 0.407
Plt (103/dL) 139.3-339.2 141.2-354.3 106-322.6 >0.001
Abbreviations: Rl, reference interval; WBC, white blood cell; Hb, hemoglobin; Hct, hematocrit; Plt, platelet.
Table 3 Differences in the Reference Intervals Among Adult Females Classified by Age at 2.5 and 97.5 Percentiles
Parameters Rl 18-39 Years (N = 230) Rl 40-59 Years (N = 197) RI 60-95 Years (N = 22) p-value
WBC (103/dL) 4.6-11 4.2-10.5 4.4-10.9 0.287
Hb (g/dL) 11.9-15.5 11.8-15.9 12-15 0.310
Het (%) 34.3-45.6 33.8-46.5 34.4-44.1 0.322
Plt(103/dL) 158-405.1 162-393.6 196-337 0.611

Abbreviations: Rl, reference interval; WBC, white blood cell; Hb, hemoglobin; Hct, hematocrit; Plt, platelet.

60-95). This is mostly contributed to a decline in the
hematopoietic activity with the age, which is in agreement
with a recently conducted study in Morocco.'® This dif-
ference was not observed in the female’s population that
might be contributed to the small sample size in our study
compared to others."”

This is the first report on the establishment of reference
intervals for hematological parameters for residents of the
city of Sulaimaniyah, Iraq. The limitation of the study is that
the compilation of data is not comprehensive. Other blood
parameters should have been analyzed because they are of
equal importance and essential blood parameters for disease
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diagnosis such as serum transferrin saturation (TS), serum

ferritin, erythrocyte sedimentation rate (ESR), and C-reactive

protein (CRP). It is suggested the information would serve

the medical community better had the study been extended to

the whole country on a much large number of samples and all

blood parameters relevant for disease diagnosis and prog-

nosis and the determination of the effect of treatments.

Regarding the rest of Iraqi cities, we found some other

researchers reported normal reference values, like that

done in Hila of Babil about the normal reference ranges

in neonatal cord blood.?’

Conclusion

This is

an initial study in the development of

a comprehensive set of blood parameter reference intervals

for residents of the city of Sulaymaniyah, Iraq. This study

shows, because inherent sex differences, separate refer-

ence intervals should be used for males and females in

the diagnosis of diseases.
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