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Dear Editor:

differences in technology and lack of standardization, there is a

Alinityhq (Abbott Diagnostics, Santa Clara, CA, USA) is a fully

difference between the values of these parameters measured us-

optical hematology analyzer that provides a complete blood

ing different instruments [5-8]. These differences imply that in-

count (CBC) with a 6-part white blood cell differential count,

strument-specific reference ranges are necessary for clinical diag-

which includes the count of immature granulocytes (IGs). In addi-

nosis. Therefore, this study aimed to establish reference ranges for

tion, red blood cells (RBCs) and platelets can also be analyzed us-

extended RBC parameters measured with the new Abbott hema-

ing the optical technology. With advances in optical technology

tology analyzer in Korean population.

and single cell analysis based on light scattered by isovolumetri-

This study enrolled 770 healthy individuals (413 men and 357

cally sphered RBCs, extended RBC parameters have become

women) from Dong-A University Hospital. Peripheral blood sam-

available. Advanced technology enables the measurement of the

ples were obtained during periodic health checks. All samples

cellular hemoglobin (Hb) concentration in individual erythro-

were analyzed using the new Abbott hematology analyzer. Blood

cytes as well as measurement of the volume of erythrocytes.

was drawn into evacuated tubes containing K2-EDTA as antico-

These parameters provide clinical utility for the screening and di-

agulant and the tubes were kept at ambient temperature for no

agnosis of various anemic and certain other conditions and moni-

longer than 6 hours after blood collection. The data obtained

toring of treatment response [1-4]. For interpretation of the results,

were analyzed to identify the underlying normal distribution in

reliable reference ranges are needed. However, most published

men and women separately and the reference ranges were calcu-

data include only Western population; thus, there is a lack of de-

lated as mean ± 2 standard deviations (SD). If no statistical differ-

finitive data on Asian or Korean population. Additionally, due to

ence was detected between the data obtained for men and
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women, then data of both the sexes were analyzed together. In
cases of non-Gaussian distribution, non-parametric methods
were used for analysis. For comparing results between gender
and age groups, standard statistical methods were used in the
MedCalc Statistical Software version 14.8.1 (MedCalc Software
bvba, Ostend, Belgium). The results of the reference ranges for
extended RBC parameters are shown in Table 1. The data distributions were considered to be Gaussian or non-Gaussian (nonparametric) depending on the parameters. Gaussian distributions
were observed for hypochromic RBC and macrocytic RBC, while
the remaining six parameters, including reticulocyte mean cor-
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Table 1. Ranges of reference values of extended RBC parameters

reticulocyte parameters; however, in our study, we observed dif-

Parameter (unit)

Gender

95th percentile

ferences in all parameters except for HDW and MCVr. Moreover,

Microcytic RBC (%)

Male
Female
Male
Female
Male
Female
Male
Female
Both
Both
Male
Female
Male
Female

0.24-2.06
0.23-7.14

in our study, the values of microcytic RBC, macrocytic RBC, hy-

Macrocytic RBC (%)
Hypochromic RBC (%)
Hyperchromic RBC (%)
HDW (%)
MCVr (fL)
MCHr (pg)
MCHCr (g/dL)

Mean ± 2SD

0.09 ± 5.48
0.73 ± 4.63

pochromic RBC, and hyperchromic RBC were higher, and those
of HDW, MCVr, and MCHr were lower than the values reported in

0.25-2.48
0.27-13.26
0.06-0.56
0.04-0.30
4.29-6.29
82.39-101.61
26.52-32.44
23.86-31.88
30.17-32.98
29.87 ± 32.65

Abbreviations: RBC, red blood cell; SD, standard deviation; HDW, hemoglobin concentration distribution width; MCVr, mean cellular volume of reticulocytes; MCHr,
mean cellular hemoglobin content of reticulocytes; MCHCr, mean cellular hemoglobin concentration of reticulocytes.

previous studies [11, 12]. Therefore, necessity for instrument- and
population-specific reference ranges was confirmed.
However, the selection of healthy individuals as a reference
group may be difficult when dealing with parameters that can be
abnormal even in apparently healthy subjects. In order to circumvent these difficulties, we included subjects who were referred to
a health care center for periodic health checks and in whom the
incidence of disease is much lower than in patients. We also included a relatively wide range of age groups. However, we are not
sure whether patients were completely excluded from the dataset
because we had not reviewed the medical records of all subjects.
Both laboratory scientists and clinicians need to be up-to-date

puscular volume (MCVr), reticulocyte mean corpuscular hemo-

with new parameters and methods in hematology. Oftentimes,

globin (MCHr), microcytic RBC, hyperchromic RBC, hemoglobin

the laboratory scientists introduce new parameters and their clini-

distribution width (HDW), and reticulocyte mean corpuscular he-

cal utility to the clinicians. In summary, we established reference

moglobin concentration (MCHCr), exhibited non-Gaussian distri-

ranges for extended RBC parameters measured with the new Ab-

bution. HDW and MCVr were identical for both the sexes. The

bott hematology analyzer in healthy Korean population. Our

values of the other parameters (microcytic RBC, hyperchromic

findings showed that there were statistically significant differ-

RBC, MCHr, and MCHCr) were higher in men than in women, ex-

ences in reference values according to sex as well as ethnicity.

cept for hypochromic RBC and macrocytic RBC.

Further studies specially focused on clinical usefulness of RBCs

Automated blood cell counters are becoming more sophisticated and the range of reportable parameters is ever increasing.

and RBC parameters in neonates, infants, and children are necessary.

Establishing reference ranges is the first step toward good laboratory practice and is essential for correct interpretation of labora-
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