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Abstract

Objectives: Reference values are fundamental for the interpretation of laboratory results,  which are  
useful for medical decisions. Each laboratory has to have its own reference values classified according to age  
groups in order to interpret test results correctly. The expression “normal values” has been replaced by “refer-
ence values” because there are various variables that are considered to influence these values. The majority of  
“reference values” were established over two decades ago using obsolete medical devices and in many cases un-
defined populations; therefore, nowadays these intervals are not relevant anymore for modern testing technology  
in clinic laboratories. Methods and materials: The study was carried out at Sibiu Clinic Pediatric Hospital using  
the laboratory’s electronic archive. The samples were taken from hospitalized patients (children and teenagers)  
and outpatients registered between January and December, 2010. Blood sample testing was performed using the  
Sysmex XS 1000i analyzer. The reference values for hemoglobin was calculated based on results from a popula-
tion sample of 9838 patients. The patients were classified into 3 age categories: 1 month – 2 years old; 2 – 10  
years old; 10 – 18 years old. Reference values were determined after eliminating outliers,using  the robust meth-
od to calculate 2.5 and 97.5 percentiles with the SPSS statistical software. Results and Conclusions: The results  
obtained differed from those specified in the Roche Diagnostics 2004 Guide but were found to be close to the res-
ults mentioned in Lothar Thomas’s publication, in Laboratory diagnostics.
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Rezumat

Scop: Intervalele de referin�� sunt esen�iale pentru interpretarea rezultatelor analizelor medicale, aces-
tea fiind utile în luarea deciziilor medicale. Fiecare laborator trebuie s� î�i stabileasc� propriile intervale de re-
ferin��, clasificate  pe grupe de vârst�, pentru a interpreta corect rezultatele testelor efectuate. Termenul de “va-
lori normale” a fost inlocuit cu cel de “valori de referin��”, pentru c� se consider� c� exist� o multitudine de va-
riabile care influenteaz� aceste date. Cele mai multe “valori de referin��”, au fost stabilite cu dou� decenii în  
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urm�, pe instrumente mai vechi �i pe o popula�ie diferit�, intervalele nemaifiind relevante în zilele noastre în ra-
port cu tehnologia actual� de testare folosit� de c�tre laboratoarele clinice. Materiale �i Metode: Studiul a fost  
realizat la Spitalul Clinic de Pediatrie Sibiu folosind datele din arhiva electronic� a laboratorului. Probele pro-
vin de la pacien�ii (copii �i adolescen�i) interna�i în spital �i cei din ambulatoriu din perioada ianuarie-decem-
brie 2010. Testarea  probelor de sânge a fost f�cut� cu  analizorul Sysmex XS 1000i. Stabilirea intervalelor de  
referin�� pentru hemoglobin� s-a realizat pe un e�antion de 9838 pacien�i. Pacien�ii au fost împ�r�i�i în 3 clase  
de vârst�, 1 lun� -2 ani; 2-10 ani �i 10-18 ani. Intervalele de referin�� au fost stabilite, dup� eliminarea de e�an-
tioane, folosind metoda robust�, pentru a ob�ine percentilele 2,5 �i 97,5 utilizându-se programul SPSS. Rezultate  
�i concluzii: Rezultatele ob�inute sunt diferite în compara�ie cu cele date de  Roche Diagnostics 2004  dar mai 
apropiate de valorile de referin�� stabilite în manualul lui Lothar Thomas, M.D., in Laboratory diagnostics.

Cuvinte cheie: copii, adolescen�i, hemoglobin�, intervale de referin��.
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Introduction

The expression  "reference  range"  was 
introduced by Gräsbeck and Saris,  in order to 
replace the old definition of "normal values"(1). 
Reference ranges provide valuable information 
in offering a correct interpretation of laboratory 
results.  The concept of reference intervals ap-
pears  simple  but  obtaining  samples  from 
healthy populations and establishing appropri-
ate ranges is  a complex and difficult  process. 
Each laboratory is responsible for ensuring the 
validity of  the  reference  range  issued starting 
from the test  results (2).  Reference ranges in-
spired by external sources must be validated in 
order to avoid incorrectly classifying an abnor-
mal test result as healthy, or vice versa (3). 

Reference ranges cannot be used by a 
laboratory  without  being  previously  checked 
because:

-  the  population  tested  by  each  laboratory 
has a different structure, gender, age;

- the equipment and methods used in labor-
atories may differ.

Various guiding books (e.g. CLSI) give 
specific  recommendations  on  statistical  meth-
ods by which reference ranges can be determ-
ined (C28-A3) (4). 

In clinical medical practice, clinicians use 
"reference range" to differentiate healthy from ill
subjects. The laboratories are required to establish 
their own reference ranges according to the indi-

viduals they analyze, the analyzer and the quantit-
ative methods used (3). In order to achieve this, 
laboratories use two methods: they either test clin-
ically healthy patients, the reference range repres-
enting 95% of the tested analyte values; or, they 
use the Hoffmann method, where subjects with 
minimal pathology are tested, taking into consid-
eration the 5 to 95 percentile of the resulted values 
(5). The first method is thought to be the best, but 
it is more difficult to apply as it involves a valid 
reference group of individuals, healthy patients of
various age groups, sex, race and who have to be 
motivated to participate in the test with their in-
formed consent; thus, the method involves high 
costs and proper planning (6). The method for de-
termining reference ranges requires 120 healthy 
subjects (7). Ideally, in establishing the reference 
range gender,  age and ethnic origin have to be 
taken into account.

In  order  to  establish  the  reference 
range, the average and the standard deviation of 
the data is used which leads to 2.5% and 97.5% 
as reference limits for the analyte of interest (3).

Nowadays,  almost  all  available  refer-
ence ranges have been set for an adult popula-
tion and these cannot be referred to in the case 
of children and teenage patients.

The reference ranges used by our laborat-
ory at the moment have been provided by medical 
literature,  now  considered  outdated,  which  was 
generally based on brief studies carried out with 
laboratory equipment now considered obsolete (6).

40



Revista Român� de Medicin� de Laborator Vol. 21, Nr. 1/4, Martie 2013

Laboratories that use literature reference 
values  should  check  these  ranges  by  taking  at 
least 20 samples from qualified reference patients.

Anemia is defined as a decrease of the 
circulating hemoglobin below 12g/dl. Clinicians 
ask for the hemoglobin test for most hospitalized 
children and teenagers or for outpatients. 

The erroneous determination of hemo-
globin mostly occurs due to the turbidity caused 
by  a  large  number  of  white  cells  or  lipemic 
plasma -  this  greatly varies  depending on the 
lysis factor (lysis solution used by the device), 
in the pipe used to determine WBC / Hb. How-
ever,  there  are  analyzers  that  have  separate 
channels  for  determining  hemoglobin  and 
counting  WBC.  Sysmex  XS  1000i  uses  a 
stronger lithic reagent thereby solving the prob-
lem  more  easily.  There  are  far  fewer  cases 
where the hemoglobin is falsely low than those 
where the hemoglobin is falsely high (2). 

This  study  was  developed  out  of  the 
need to use our own reference ranges in inter-
preting test results, considering the fact that the
patients tested in our laboratory are mostly chil-
dren who are between the ages of 1 month and 
18 years of age. Hemoglobin is one of the most 
required tests,  and there were enough patients 
that  to  take into account in  order  to establish 
our own reference range for hemoglobin. Refer-
ence  values  for  hemoglobin  were  established 
many years ago, on a different population and 
by using methods and reagents different from 
those used nowadays.

Materials and Method

Patient selection, blood sample collection 
and sample formation have been conducted at the 
Sibiu  Clinic  Pediatric  Hospital.  The  study was 
carried out by analyzing data from samples col-
lected  during  a  year  belonging  to  hospitalized 
children  and  teenagers  or  outpatients.  The 
samples were collected in vacuum containers con-
taining anticoagulant - K3EDTA, and were tested 
within 2 hours after collection. All blood samples 

were collected by venous puncture. Hemoglobin 
analysis  was  performed  using  the  Sysmex  XS 
1000i analyzer. It uses the non-toxic reagent, So-
dium Lauryl Sulfate (SLS). The end product is 
hemoglobin sulphate, a colored compound, that is 
measured spectrophotometrically at �=534 nm.

The Sysmex XS-1000i analyzer is cal-
ibrated  and  checked by using  test  blood at  3 
levels before performing the actual blood ana-
lysis. The actual blood tests are carried out only 
if calibrated within normal parameters. As ad-
vised by the manufacturer, the analyzer under-
goes maintenance daily, weekly and monthly.

The results used for the study were ob-
tained from the laboratory electronic data archive.

The database consisted of results from 
9383 patients that were divided into three cat-
egories, namely: 1 month to 2 years old; 2 to 10 
years  old  and  10  to  18  years  old.  The  age 
groups were classified according to the way the 
departments  of  the  Pediatric  Clinic  are  struc-
tured  by  children’s  age  groups. We  analyzed 
data  from 2894  patients,  aged  1  month  to  2 
years, 4434 patients ,aged 2 to 10 years old and 
2510 patients aged 10 to 18 years old.  

Statistical Method

Statistical data analysis used the indir-
ect Hoffman method adapted through Statistical 
Program For Social Sciences (SPSS) software. 

According to the Hoffman method (8), in 
the first instance, the abnormal values were elimin-
ated. Although the Hoffmann method requires to 
remove these values by using Chauvenet criteria, 
which refer to the removal of the values whose 
probability of occurrence is less than 1/(2N), where 
N is the number of values worked on and has to be 
greater than 4, in this study, all the values smaller 
than 9 were eliminated at first as pathological and
only then Chauvenet criteria were used. 

After  removing  inappropriate  values, 
data were reconsidered and the cumulative fre-
quency was determined. The frequency of a test 
result was taken as the number of times a result 
occurs in the data set divided by the total num-
ber of results times 100%.
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Data were represented graphically (cu-
mulative frequency in relation to the Hb values) 
and values corresponding to the linear portion 
of the graph as well as the maximum deviation 
were determined by visual assessment.

Subsequently,  the best-fitting linear  re-
gression (yi = 	 * xi + 
 + �i) equation was de-
termined  by  least-squares  analysis  (	  is  the 
slope, 
 is the intercept of the line and �i is the 
error). The line with the minimum sum of square 
residual values was identified accordingly. 

Maximum  and  minimum  values  were 
determined by solving the equation of the line, 
taking into consideration the fact that the values 
had to stay within the 2.5 and 97.5 percentiles.

RImin= 	*2.5+
 and RImax=	*97.5+

The reference  intervals  obtained  were 

then  compared  to  those  of  Lothar  Thomas, 
Clinical  Laboratory Diagnostics, 1998 (9) and 
Roche Diagnostics, 2004.

Results and Discussions

The first figure represents the graph for 
the  age  group:  1  month  to  2  years  old.  The 
second figure represents the graph for age group: 
2 to 10 years old. The third figure reflects the 
graph for age group: 10 to 18 years old.

In  Table  1 we  present  the  regression 
functions  and  Calculated  Reference  Intervals 
for hemoglobin by the computerization of the 
Hoffmann  Method  for  Indirect  Estimation  of 
Reference Intervals.

In  Table  2 we  show  a  comparison 
between the Calculated Reference Intervals and 
the Reference Intervals Reported in the Literat-
ure  in  Lothar  Thomas  –Clinical  Laboratory 
Diagnostics, 1998.

In Table 3 we show a comparison between 
the Calculated Reference Intervals and the Reference 
Intervals Reported by Roche Diagnostics, 2004.

For the age group of 1 month to 2 years 
the  linear  regression  and  regression  function 
presented in  Table 1 indicate that  the interval 
for haemoglobin is 9.46-12.79 g/dl, whereas in 
both the Lothar Thomas -  Clinical Laboratory 
Diagnostics  1998  Guide  and  the  Roche  Dia-
gnostics 2004 Guide the reference interval for 
this age is reported at  9.2-12.8 g/dl,  therefore 
we can say that our values are not significantly 
different and that the values that we have been 
using are valid for the population at hand.

Concerning the 2 to 10 years age group, 
with the linear regression and regression function 
presented in Table 2, our population showed val-
ues of 11.57-14.40 g/dl that are similar to the ref-
erence values of 11.1-14.7 g/dl that presented in 
the  Lothar  Thomas-Clinical  Laboratory  Dia-
gnostics 1998 Guide and that we have been using 
as  reference,  however  the  Roche  Diagnostics 
2004 Guide offer a much larger interval of 10.8-
15.6 g/dl at this age and therefore in relation to 
our findings it is more relevant to guide ourselves
after the first reference when making interpreta-
tions, for it is closer to our specific population.

For adolescents aged 10-18 years, with the 
linear regression and regression function presented
in  Table 3, we have found values of 11.83-14.70 
g/dl and by comparing our results with the refer-
ence  interval  of  11.8-16.8 g/dl  stated by Lothar 
Thomas  -  Clinical  Laboratory  Diagnostics  1998 
Guide of it can be observed that the upper limit has 
been found to be lower in the case of adolescents in 
the Sibiu area, leaving it to be decided if this needs 
further investigation regarding the statistical signi-
ficance of the difference found. Nevertheless, the 
comparison  with  the  Roche  Diagnostics  2004 
Guide is not possible for the values for this age 
group provided are divided by gender and this will 
remain the limitation of the present study than can
be tackled if further study will be done on the sub-
ject.  However,  the reference range stated by the 
Roche Diagnostics 2004 Guide for girls (12.3 – 
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15.3 g/dl), which are lower than the corresponding 
range for boys, are higher than the range calculated 
by us for the entire group (11.83 – 14.79 g/dl). 

It is to be stated that, we did not check if the 
difference between the values we have obtained and 

those found in literature is statistically relevant be-
cause the studies have not been conducted in the 
same manner, using the same laboratory equipment.

The  values  obtained  through our  study 
have to be validated and only then can be used in 
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Figure 1. Cumulative frequency of the Hb concentration for age group: 1 month – 2 years old 

Figure 2. Cumulative frequency of the Hb concentration for age group: 2 years – 10 years old

Figure 3. Cumulative frequency of the Hb concentration for age group: 10 years – 18 years old
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our  daily  work.  The  validation  process  needs 
healthy  volunteers  and  because  they  are  of  a 
young  age  informed  consent  is  also  required. 
These limitations need to be solved in order to use
the results and to proceed with the study.

Conclusions

For the age group 1 month – 2 years 
old, we obtained almost identical values to the 
ones  stated  in  the  literature,  in  the  Lothar 
Thomas book, Clinical Laboratory Diagnostic-
s1998,  as  well  as  in  the  Reference  Intervals 
volume of Roche Diagnostics Company, 2004.

With  regard  to  the  2  –  10  years  age 
group, our study presented a narrower reference 
interval,  having  a  greater  lower  limit  and  a 

smaller upper limit in comparison to the study 
led by Roche Diagnostics, 2004.

In relation to 10 – 18 years age group, 
our  study showed  differences  from the  limits 
presented by Roche Diagnostics, 2004.

The reference intervals presented in our 
study  are  closer  to  those  shown  in  Lothar 
Thomas book from 1998 than to the ones ob-
tained through Roche Diagnostics study in 2004.

The reference ranges that  we have ob-
tained  are  specific  for  the  population  aged 
1month to 18 years in the Sibiu region as well as 
for the method used in our laboratory. Although 
similar to the ones stated in the Lothar Thomas 
publication, they differ from those specified in 
the Roche Diagnostics 2004 Guide therefore fur-
ther emphasizing the need for establishing refer-
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Table 1. Regression Functions and Calculated Reference Intervals for Haemoglobin by the 

Computerization of the Hoffmann Method for Indirect Estimation of Reference Intervals

Age Groups Linear Range (%) Regression Function Reference Intervals

1 month – 2 years 10.75- 93.30 0.035x+9.38 9.46 -12.79
2 – 10 years 28.14-89.72 0.0298x+11.05 11.57-14.40

10 – 18 years 8.56-96.43 0.0311x+11.76 11.83-14.79

Table 2. Comparison between the Calculated Reference Intervals for Haemoglobin and the Reference 

Intervals Reported in the Literature, Lothar Thomas – Clinical Laboratory Diagnostics, 1998

Age Groups
Calculated RI

(Lower - Upper)

Reported RI

(Lower -Upper)

1 month – 2 years 9.46 -12.79 9.2-12.8
2 – 10 years 11.57-14.40 11.1-14.7
10 – 18 years 11.83-14.79 11.8-16.8

Table 3. Comparison between the Calculated Reference Intervals for Haemoglobin and 

the Reference Intervals Reported Roche Diagnostics, 2004

Age Groups
Calculated RI

(Lower - Upper)

Reported RI, Roche Diagnostics, 2004

(Lower - Upper)

1 month – 2 years 9.46 -12.79 9.2-12.8
2 – 10 years 11.57-14.40 10.8-15.6

10 – 18 years 11.83-14.79 > 10 years
F:12.3-15.3
M:14.0-17.5
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ence  ranges  individualized  for  our  laboratory 
through a  study using a  controlled population. 
The  laboratories  that  will  import  these  results 
have to validate the method before using them.
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