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Abstract

Objectives: The reference interval is the primary tool used
to interpret laboratory test results. Each laboratory should
determine reference intervals (RIs) that reflect their popu-
lation. In this study, it was aimed to determine the RIs of
hemogram routine and advanced clinical test parameters
for our hospital and region by indirect method and to
compare these calculated RIs with the limits recommended
by the current manufacturer and the literature.
Methods: The hemogram results of patients aged 18–65
years who applied to Kastamonu Training and Research
Hospital between July 2020 and June 2022, were included in
the study. Hemogram analyzes were performed on Sysmex
XN-1000 (Kobe, Japan) hematology auto analyzers. The RIs
were determined by indirect method from the obtained
data using the non-parametric percentage estimation
method. Harris-Boyd method was used to decide on sub-
group separation based on gender.
Results: All parameters had non-parametric distribution.
RBC, HGB, HCT, MCH, MCHC, PLT, RDW-CV, RDW-SD, PCT,
monocytes count, eosinophils count, monocytes % and
macroR parameters which required gender-spesific RIs
were determined separately for genders.
Conclusions: When the results are evaluated, it shows that
the manufacturer’s recommendations together with the
studies in the literature do not fully reflect the RIs of our

population. Therefore, it is very important for each labora-
tory to determine its own RIs due to the differences in pop-
ulation, diet, technical equipment used and reference group.
In addition, we think that our study will make a significant
contribution to the literature, since there is insufficient data
in the literature on RIs for advanced clinical parameters.

Keywords: advanced clinical parameters; hemogram; indi-
rect reference intervals; Sysmex XN-1000

Introduction

Clinical laboratory results play a decisive role in disease
diagnosis, treatment, and follow-up. Reference intervals
(RIs) reported with test results are indispensable for clini-
cians in assessing an individual’s health or disease status
and are highly guiding in the clinical decision process.
Therefore, reporting accurate and reliable RIs with test re-
sults is crucial for excellent clinical care [1, 2].

The reference interval (RI) consists of reference values
obtained using certain statistical methods from the sample
reference distribution formed by reference individuals [3].
The International Federation of Clinical Chemistry (IFCC)
and the Clinical and Laboratory Standards Institute (CLSI)
recommend using the direct method in the determination of
reference individuals. The direct method for determining
RIs is the selection of individuals from the population by
direct sampling according to the criteria determined. In this
method, the questionnaire forms prepared according to the
defined criteria are filled. The sample is taken after the
preparation period to prevent situations that need attention
and are thought to affect the measurement result [4, 5].

For the direct method, 120 reference individuals
reflecting a healthy population with informed consent are
necessary. However, due to the disadvantages, such as the
necessity of bringing together 120 healthy individuals for
each group’s subgroups and the high cost, the direct method
could not be used widely and has led many researchers
to find more applicable methods. Indirect methods have
been developed and many studies have been carried out by
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selecting data per certain rules from the laboratory infor-
mation management system (LIS) where patient test results
are recorded [6–11].

Parametric and non-parametric statistical methods
are used to determine RIs, depending on the distribution
type, homogeneity, and number of data obtained by direct
or indirect methods. While IFCC recommends parametric
and non-parametric methods, CLSI recommends the non-
parametric method. Non-parametric methods are gener-
ally preferred in RI studies [3, 12–17].

Currently, the values determined by the manufacturer
and presented in the reagent package inserts are generally
used as the RI in laboratories. IFCC and CLSI recommended
that each laboratory determine its own RIs due to popula-
tion, diet, technical equipment, and reference group differ-
ences. These international organizations issued a series of
guidelines on methods. However, it is a labor-intensive and
costly process for each laboratory to determine the RIs for
each test. Therefore, many clinical laboratories use the
values suggested by the manufacturer or obtained from the
literature instead of determining and using their RIs [3, 4].

Clinicians often request hemogram parameters that
provide information about the blood cells’ number, shape,
and structure for diagnosis, follow-up, and screening of
many diseases, such as anemia, infection, bleeding disor-
ders, and cancer. Flow cytometric techniques are used in
modern hematology analyzers. This technology gives us
important information regarding the developmental pro-
cesses and functional status of erythrocytes, leukocytes,
platelets, and their subgroups. Today’s hematology auto
analyzers contain over 20–30 routine and clinical and
research hemogram parameters. These advanced clinical
and research parameters have been associated with immu-
nological response and specific diagnoses or immunological
response patterns in recent years [18–23]. However, data on
the RIs of these parameters are limited and new studies are
carried out [24, 25].

The aim of this study was to determine the RIs of the
routine parameters (white blood cell count (WBC), red
blood cell count (RBC), hemoglobin concentration (HGB),
hematocrit (HCT), mean corpuscular volume (MCV), mean
corpuscular hemoglobin (MCH), mean corpuscular hemo-
globin concentration (MCHC), platelet count (PLT), red blood
cell distribution width-coefficient of variation (RDW-CV),
red blood cell distribution width-standard deviation
(RDW-SD), platelet distribution width (PDW), mean platelet
volume (MPV), plateletcrit (PCT), neutrophils (# (absolute
cell count) and % (percentage of a cell population)), lym-
phocytes (# and %), monocytes (# and %), eosinophils (# and
%), basophils (# and %) and advanced clinical parameters
(platelet large cell ratio (P-LCR), nucleated red blood cells

(NRBC # and %), immature granulocytes (IG # and %),
microcytic red blood cells (microR) andmacrocytic red blood
cells (macroR)) of the complete blood count using the non-
parametric percentage estimation method using the patient
results studied in our laboratory and to compare the results
obtainedwith the currentmanufacturer’s recommended RIs
and the literature.

Materials and methods

This study used hemogram results of 68,316 patients aged 18–65 years
who applied to Kastamonu Training and Research Hospital outpatient
clinics between July 2020 and June 2022. Hemogram data were obtained
from LIS records retrospectively. The study did not include data from
hospitalized patients and patients from nephrology, hemodialysis,
gastroenterology, endocrine, hematology, oncology, radiation oncology,
obstetrics, COVID-19 and emergency outpatient clinics. Only the first test
results of patients with the same test performed more than once a year
were included. Repeated test results of these patients were excluded.
The study was approved by Kastamonu University Clinical Research
Ethics Committee (approval number: 2022-KAEK-86, date: 08.24.2022).

Hemogram tests were performed on Sysmex XN-1000 (Kobe, Japan)
hematology auto analyzers. The analytical process was evaluated with
three different levels of internal quality control samples (Sysmex XN
Check) daily and external quality assessment programs (KBUDEK,
İstanbul, Turkey) monthly during the study period, and acceptable re-
sults were obtained.

Hemogram data for all parameters were analyzed with Statistical
Package for Social Sciences 18.0 (SPSS Inc., Chicago, IL, USA). Values were
sorted in ascending order for each parameter and analyzed with the
Kolmogorov-Smirnov test. All parameters had non-parametric distribu-
tion. Therefore, the log transformation of the original values was per-
formed first; outliers were identified and excluded from the study using
stem-leaf and box plots in SPSS. This software first calculates the inter-
quartile range (IQR) between thedistribution’s lower andupper quartiles.
Then it indicates the data lying outside the three IQRs from the first (Q1)
and third (Q3) quartiles, i.e., outliers. This process was repeated until
there were no outliers. The values were then converted to original values
with an anti-logarithmic procedure, and extremes were omitted again.

A non-parametricmethodwas used to determine the indirect RIs of
each parameter. The lower and upper limits of the reference intervals,
i.e., rank numbers of the 2.5th and 97.5th percentiles, were determined
using formulas 0.025(n+1) and 0.975(n+1), respectively. In light of the
IFCC’s recommendations, 90 % confidence intervals (CIs) were calcu-
lated for the lower and upper reference limits.

The Harris-Boydmethodwas used to determine which parameters
required gender-specific RIs. Z values were calculated by substituting
the standard deviation (s), mean (x), and data number (n) in the Harris-
Boyd equation (Figure 1). Calculated Z compared to critical Z values.

Figure 1: Harris–Boyd equations (Zcalculated and Zcritical).
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The fact that the Zcalculated is greater than the Zcritical indicates
that the means of the groups differ. Zcritical is the threshold value
determined in response to 120 data from each subgroup. The value z=3
in the Zcritical formula shows that the difference between subgroups is
large/significant enough to separate the groups [26]. Then, separate
reference intervals for males and females were determined for the
parameters that were determined to be different between the sexes.
The methods part of our study was summarized with a flowchart
(Figure 2).

Results

In total, 68,316 hemogram results were included in this study
according to patient selection criteria. Among 68,316 pa-
tients, 41,432 (60.6 %) were female, and 26,884 (39.4 %) were
male. Themean age ± standard deviation (SD) of the patients
was 40.9 ± 14 years. All parameters had non-parametric
distribution. Therefore, a logarithmic transformation was
performed for each parameter, and it was observed that the
kurtosis/skewness statistics approached zero. The SPSS
explore/outliers step was used until no extreme values
remained. Then, the values were converted to normal values
by anti-logarithmic transformation, and the same extreme
value removal process was repeated. As a result of these
procedures, 6.1 % of the total data were excluded from the
study. In Table 1, descriptive statistics of hemogram pa-
rameters are presented. Gender-specific parameters were
stated as female and male.

Harris-Boyd method was used to make decisions for
gender-specific RIs, and no difference was found in WBC,
MCV, PDW, MPV, P-LCR, NRBC, NRBC %, neutrophils count,
lymphocytes count, basophils count, neutrophils %, lym-
phocytes %, eosinophils %, basophils %, IG, IG % andmicroR
tests. Therefore, common RIs were calculated for these pa-
rameters. RBC, HGB, HCT, MCH, MCHC, PLT, RDW-CV,

RDW-SD, PCT, monocyte count, eosinophil count, monocyte
%, and macroR parameters which required gender-specific
RIs were determined separately as female and male. The CI
of the lower and upper reference limits (LRL and URL) and
the RIs determined by the indirect non-parametric per-
centage estimation method were given in Table 2. Median
values, upper and lower reference limits of HGB, RBC, and
PLT parameters according to gender were presented in
Figure 3.

Discussion

In this study, RIs of routine and advanced clinical parame-
ters of hemogram were determined by the indirect method
in Kastamonu Training and Research Hospital. Hemogram
results of individuals aged 18–65 years, analyzed in the
clinical biochemistry laboratory between July 2020 and June
2022, were used. After inpatients and some outpatients were
excluded by data filtration, the remaining 68,316 data were
used. The disadvantage of this study was the possibility of
including a large number of abnormal patient results due to
the large number of data. It was very important to exclude
the extreme values to minimize the effect of these patho-
logical results on the study and reach the results of only
healthy individuals. For this, the SPSS explore/outliers step
was used until there were no extreme values for all pa-
rameters. The reference intervals of RBC, HGB, HCT, MCH,
MCHC, PLT, RDW-CV, RDW-SD, PCT, monocytes count, Eo-
sinophils count, Monocytes %, andMacroR parameters were
determined separately as female and male due to the dif-
ferences between genders. Our results were evaluated
together with confidence intervals; there were differences
between the literature and the manufacturer’s recom-
mended reference limits [24, 25, 27].

Figure 2: Flowchart of the methodology.
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Determination of RIs is a very laborious and challenging
process that requires high cost. Today, many laboratories
use RIs specified in the literature or suggested by the
manufacturer instead of determining their RIs. These
RIs may contain methodological and ethnic differences
compared to laboratory-specific RIs. Therefore, manufac-
turers recommend that the laboratory determine its refer-
ence values in the kit inserts [3, 4].

Direct and indirectmethods select reference individuals
who best represent the reference population. According to
IFCC, results obtained via the indirect method are approxi-
mate, and the direct method is more precise. On the other
hand, the indirect method is preferred by laboratories to
determine their RIs because it is cost-effective and more
practical. In this method, after the laboratory test results
are separated into “pathological” and “non-pathological” in

Table : Descriptive statistics of hemogram parameters.

Parameter, unit Sex Outliers, n (%) Included, n (%) Median Q–Q

WBC, ×/L Female + Male , (.) , (.) . .–.
RBC, ×/L Female , (.) , (.) . .–.

Male  (.) , (.) . .–.
HGB, g/dL Female , (.) , (.) . .–.

Male , (.) , (.) . .–.
HCT, % Female , (.) , (.) . .–.

Male , (.) , (.) . .–.
MCV, fL Female + Male , (.) , (.) . .–.
MCH, pg Female , (.) , (.) . .–.

Male , (.) , (.) . .–.
MCHC, g/dL Female , (.) , (.) . .–.

Male  (.) , (.) . .–.
PLT, ×/L Female , (.) , (.)  –

Male , (.) , (.)  –

RDW-SD, fL Female , (.) , (.) . .–.
Male , (.) , (.) . .–.

RDW-CV, % Female , (.) , (.) . .–.
Male , (.) , (.) . .–.

PDW, fL Female + Male , (.) , (.) . .–.
MPV, fL Female + Male  (.) , (.) . .–.
P-LCR, % Female + Male  (.) , (.) . .–.
PCT, % Female , (.) , (.) . .–.

Male , (.) , (.) . .–.
NRBC, ×/L Female , (.) , (.) . .

Male , (.) , (.) . .
NRBC, % Female , (.) , (.) . .

Male , (.) , (.) . .
Neutrophils, ×/L Female + Male , (.) , (.) . .–.
Lymphocytes, ×/L Female + Male , (.) , (.) . .–.
Monocytes, ×/L Female , (.) , (.) . .–.

Male , (.) , (.) . .–.
Eosinophils, ×/L Female , (.) , (.) . .–.

Male , (.) , (.) . .–.
Basophils, ×/L Female + Male , (.) , (.) . .–.
Neutrophils, % Female + Male , (.) , (.) . .–.
Lymphocytes, % Female + Male , (.) , (.) . .–.
Monocytes, % Female , (.) , (.) . .–.

Male , (.) , (.) . .–.
Eosinophils, % Female + Male , (.) , (.) . .–.
Basophils, % Female + Male  (.) , (.) . .–.
IG, ×/L Female + Male , (.) , (.) . .–.
IG, % Female + Male , (.) , (.) . .–.
MicroR, % Female + Male , (.) , (.) . .–.
MacroR, % Female , (.) , (.) . .–.

Male  (.) , (.) . .–.

Bildirici et al.: Reference intervals of hemogram with advanced clinical parameters 391



Table : Reference intervals and confidence intervals determined in the current study.

Parameter, unit Sex Reference interval LRL (% CI) URL (% CI)

WBC, ×/L Female + Male .–. .–. .–.
RBC, ×/L Female .–. .–. .–.

Male .–. .–. .–.
HGB, g/dL Female .–. .–. .–.

Male .–. .–. .–.
HCT, % Female .–. .–. .–.

Male .–. .–. .–.
MCV, fL Female + Male .–. .–. .–.
MCH, pg Female .–. .–. .–.

Male .–. .–. .–.
MCHC, g/dL Female .–. .–. .–.

Male .–. .–. .–.
PLT, ×/L Female – – –

Male – – –

RDW-SD, fL Female .–. .–. .–.
Male .–. .–. .–.

RDW-CV, % Female .–. .–. .–.
Male .–. .–. .–.

PDW, fL Female + Male .–. .–. .–.
MPV, fL Female + Male .–. .–. .–.
P-LCR, % Female + Male .–. .–. .–.
PCT, % Female .–. .–. .–.

Male .–. .–. .–.
NRBC, ×/L Female .–. . .

Male .–. . .
NRBC, % Female .–. . .

Male .–. . .
Neutrophils, ×/L Female + Male .–. .–. .–.
Lymphocytes, ×/L Female + Male .–. .–. .–.
Monocytes, ×/L Female .–. .–. .–.

Male .–. .–. .–.
Eosinophils, ×/L Female .–. .–. .–.

Male .–. .–. .–.
Basophils, ×/L Female + Male .–. .–. .–.
Neutrophils, % Female + Male .–. .–. .–.
Lymphocytes, % Female + Male .–. .–. .–.
Monocytes, % Female .–. .–. .–.

Male .–. .–. .–.
Eosinophils, % Female + Male .–. .–. .–.
Basophils, % Female + Male .–. .–. .–.
IG, ×/L Female + Male .–. .–. .–.
IG, % Female + Male .–. .–. .–.
MicroR, % Female + Male .–. .–. .–.
MacroR, % Female .–. .–. .–.

Male .–. .–. .–.

Figure 3: Median, upper, and lower reference
limits of HGB, RBC, and PLT parameters.
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relation to health, indirect RIs are calculated by applying
statistical procedures [3, 4, 6]. Healthcare professionals and
patients expect inter-laboratory harmonization of test re-
sults. Electronic archiving of health records enables the
determination of RIs by harmonizing [28, 29]. Therefore, we
think that RIs can be determined by the indirect method as
an alternative to the direct method when certain conditions
aremet since it does not require an additional cost and is not
difficult to implement.

This study was carried out with hematology auto ana-
lyzers that we use in our daily practice, and analytical per-
formance was monitored with regular internal quality
control and external quality assessment programs. Since our

internal quality control and external quality assessment
results are within acceptable limits, these RIs can be
considered as RIs for the patient population admitted to our
hospital. Our results may be valuable for laboratories using
the same hematology analyzers and serving a similar
population.

We compared our current study with RI studies on
Sysmex XN devices, including new advanced clinical pa-
rameters. In addition, the RIs determined for Sysmex XN
analyzers by Mayo Clinic Laboratory [27], a reference labo-
ratory, manufacturer’s recommended RIs, and other studies
[24, 25] were presented in Table 3. Reference intervals of
some parameters were not determined by L. van Pelt et al.

Table : Comparison of the current study with other reference interval studies on Sysmex XN auto analyzers.

Parameter, unit Sex Current study Park SH, et al. L. van Pelt, et al. Mayo Clinic Lab. Manufacturer

WBC, ×/L Female .–. .–. .–. .–. .–.
Male .–.

RBC, ×/L Female .–. .–. .–. .–. .–.
Male .–. .–. .–. .–. .–.

HGB, g/dL Female .–. .–. .–. .–. .–.
Male .–. .–. .–. .–. .–.

HCT, % Female .–. .–. – .–. .–.
Male .–. .–. – .–. .–.

MCV, fL Female .–. .–. .–. .–. –.
Male –.

MCH, pg Female .–. .–. .–. – .–.
Male .–. .–.

MCHC, g/dL Female .–. .–. .–. – .–.
Male .–. .–. .–. .–.

PLT, ×/L Female – .–. – – –

Male – –. – –

RDW-SD, fL Female .–. .–. .–. – .–.
Male .–. .–.

RDW-CV, % Female .–. .–. .–. .–. .–.
Male .–. .–. .–.

PDW, fL Female .–. .–. .–. – .–.
Male .–.

MPV, fL Female .–. .–. .–. – .–.
Male .–.

P-LCR, % Female .–. .–. .–. – .–.
Male .–.

PCT, % Female .–. .–. .–. – .–.
Male .–. .–. .–.

NRBC, ×/L Female .–. .–. .–. – .–.
Male .–. .–.

NRBC, % Female .–. .–. – – .–.
Male .–. .–.

Neutrophils, ×/L Female .–. .–. .–. .–. .–.
Male .–.

Lymphocytes, ×/L Female .–. .–. .–. .–. .–.
Male .–.

Monocytes, ×/L Female .–. .–. .–. .–. .–.
Male .–. .–. .–.
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[24] and Mayo Clinic Laboratory (Table 3). The manufac-
turers generated RIs of all parameters according to gender,
except for MicroR and SH Park et al. [25], RIs of the MCH,
RDW-CV, and RDW-SD parameters were not gender-specific.
Monocyte count and Eosinophil count did not require
gender-specific RIs in L. van Pelt et al. and Mayo Clinic
Laboratory studies. Whereas in our study, RBC, HGB, HCT,
MCH, MCHC, PLT, RDW-CV, RDW-SD, PCT, monocyte count,
eosinophil count, monocytes %, and macroR parameters
needed gender-specific RIs. L. van Pelt et al. and Park SH et al.
found that RIs of NRBC (# and %) and MacroR, advanced
clinical parameters, were not gender-specific. Despite the
statistical significance, the differences in RIs were negligible
from a clinical point of view.

In our study, the RIs of WBC, neutrophils (# and %), and
Lymphocytes (#) parameters were found to be higher than
other studies [24, 25, 27] and manufacturer’s recommenda-
tions, which may affect the clinical decision. This discrep-
ancy can be explained by the fact that as much as one-third
of our samples were from primary care units, where in-
flammatory diseases such as the common flu and urinary
tract infections are much more frequent. Our RIs of RBC
parameters were higher than in other studies and the
manufacturer’s recommended RI. This might be due pri-
marily to the altitude of our province (approximately 800 m).
The lower limit for hemoglobin concentration in women
(10.90 g/dL) was lower than in other studies. Since ferritin,

vitamin B12, and folate were not evaluated in our study,
patients with iron deficiency anemia or mild anemia due to
vitamin B12/folate deficiency may have been unnoticed
when establishing the reference population. The RI of the
PLT in our studywas found to be slightly higher than in other
studies, but this difference was insignificant.

Advanced clinical parameters such as P-LCR, NRBC, IG,
microR, and macroR were also examined. P-LCR is an index
that expresses the percentage of platelets larger than 12 fL in
the blood and identifies more enzymatically and metaboli-
cally active platelets. P-LCR is a good marker to evaluate
megakaryocyte and platelet activities [30]. The RI we deter-
mined for P-LCR was similar to the results of other studies
and the manufacturer’s recommendations. NRBC in pe-
ripheral blood is known to be pathological [31]. NRBC is an
immature RBC found in the bone marrow and is not ex-
pected to be in peripheral blood in healthy individuals. In
our study, the NRBC (# and %) parameters’ upper limit was
zero in contrast to L. van Pelt et al. and Park SH et al. studies
[24, 25, 31]. IG is a hemogram parameter reflecting increased
bone marrow activation in peripheral blood and has been
shown to increase earlier than WBC and C-reactive protein
(CRP), which markers are routinely evaluated in inflamma-
tory diseases [32–34]. Our RIs for IG (# and %) were found to
be quite similar to Park SH et al.study and manufacturer’s
recommendations. The microR and macroR parameters are
RBC indices that enable a detailed morphological analysis of

Table : (continued)

Parameter, unit Sex Current study Park SH, et al. L. van Pelt, et al. Mayo Clinic Lab. Manufacturer

Eosinophils, ×/L Female .–. .–. .–. .–. .–.
Male .–. .–. .–.

Basophils, ×/L Female .–. .–. .–. .–. .–.
Male .–.

Neutrophils, % Female .–. .–. – – .–.
Male .–.

Lymphocytes, % Female .–. .–. – – .–.
Male .–.

Monocytes, % Female .–. .–. – – .–.
Male .–. .–. .–.

Eosinophils, % Female .–. .–. – – .–.
Male .–. .–.

Basophils, % Female .–. .–. – – .–.
Male .–.

IG, ×/L Female .–. .–. – – .–.
Male .–.

IG, % Female .–. .–. – – .–.
Male .–.

MicroR, % Female + Male .–. .–. .–. – –

MacroR, % Female .–. .–. .–. – –

Male .–. .–.
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erythrocytes. MicroR is the percentage of microcytic RBC
with a volume<60 fL, and macroR with a volume>120 fL is
the percentage of macrocytic RBC [35]. In our study, it was
observed that there were slight differences in the lower and
upper reference limits of the microR and macroR tests
compared to other studies. It was thought that these
different results were not very different in influencing
clinical decisions.

Our study used the Harris-Boyd equation for gender-
specific RI, while age specificitywas not analyzed for RIs. The
RIs were determined for the adult period between 18 and 65.
It was observed that age-specific RIs were not mentioned in
the studies [24, 25, 27] and the manufacturer’s recommen-
dations. However, there may be changes in the RIs of RBC,
HGB, HCT, and other related parameters (MCV, RDW, MCH,
and MCHC) with the onset of menopause, and amenorrhea,
especially in women [36]. Therefore, there was a limitation
for the relevant parameters in the studies, and further
clinical studies are needed for the post-menopausal period.

Considering these results, the manufacturer’s recom-
mendations did not fully reflect our population’s RIs. It was
thought that some of the differences between our study and
other studies conducted in different communities are largely
related to the differences in race, socioeconomic level,
nutritional behaviors, altitude of the living area, and the
statistical method. We believe that more studies should be
done on the RI to examine these factors’ effects better. In
addition, since this study is an indirect study, the variables
such as hunger and satiety status, nutritional habits, obesity,
and bodymass index of the selected individuals could not be
controlled. They may have caused different results from
other studies. Therefore, each laboratory must determine its
reference values suitable for its population [4].

In order to insufficient data in the literature related to
RIs for advanced clinical parameters, we think our study
will significantly contribute to the literature. In addition,
we believe that our results will be precious for studies on
these advanced clinical parameters in our region and our
country.

The reference interval is a hot topic due to the devel-
opment of new tests and measurement methods. Although
much progress has beenmade over the years, there is a need
for new studies on standardization and the methods used.
Issues such as differences between the inclusion of reference
individuals, exclusion criteria, extreme value exclusion,
subgrouping in terms of gender and age, and the statistical
methods used in calculating the reference interval have
existed among studies. We think the indirect method will
replace the direct method with the development of labora-
tory information systems and further studies.
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