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Determination of reference intervals 
for total calcium and magnesium 
specific for children and adolescents 
in Sibiu area
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Total calcium and magnesium are two minerals 
whose presence is essential for the body, their 
deficiency causing severe damage to the meta-
bolic functions.

Therefore, it is very important to recognize 
the reference intervals adapted to the population 
of Sibiu area in order to make quick and accurate 
decisions in terms of health or illness, as well 
as regarding treatment and taking supplements 
of calcium and magnesium because, as they are 
not synthesized in body in order to ensure the 
daily requirements of magnesium and calcium, 
the conditions for a proper diet rich in minerals 
should be established, and supplemented with 
magnesium and calcium (1, 2).

Conventionally, reference intervals are de-
termined by using data sets consisting of the 
results obtained in an apparently healthy popula-
tion using the 95% confidence interval to define 
the normal limits (3, 4).

The term “reference interval” was introduced 
in 1969 by Grasbeck and Saris with a view to re-
place the old definition of “normal values” (4).

In paediatrics, recruitment of reference indi-
viduals is particularly difficult because of chang-
es taking place due to the growth and devel-
opment of the child. Reference individuals are 
selected using “well defined criteria” which vary 
from one study to another (5).

Our team aims at determining our own ref-
erence intervals for children and adolescents in 

Sibiu area given the equipment we are working 
with, working reagents, and protocols. We de-
cided to determine reference intervals using the 
Hoffmann (6) method, because our team has pre-
viously used this method for getting these ranges 
for haemoglobin (7). To accurately interpret the 
results of the analyses performed, these ranges 
will be obtained according to age groups.

The reference ranges obtained by us will be 
compared with those in Lothar Thomas’ Manual, 
Clinical Laboratory Diagnostics, 1998 (8) and 
Roche Diagnostics Manual, 2004 (9).

The study involved patients of Sibiu Paediat-
ric Hospital. The study was made possible by the 
use of data (results) selected from the electronic 
database of the laboratory. Using the results of 
the database was approved by the Ethical Com-
mittee of the hospital. The study included results 
from blood samples collected during a year from 
children and adolescents, hospitalized or outpa-
tients.

There is no conflict of interest regarding this 
study.

Determination of total calcium and magnesi-
um was performed on Konelab Prime 30i. ana-
lyzer. It is calibrated using the calibrator (Duna-
Cal) and tested with control serum using normal 
sera (Duna Cont N) and pathological sera (Duna 
Cont P) before actual testing. Samples are car-
ried out only if the results of the checks fall with-
in the ranges given by the manufacturer.

All samples of blood to determine total se-
rum calcium and magnesium were collected by 
venepuncture into vacutainers without antico-
agulant. The blood collected was kept at room 
temperature then centrifuged at 3000 rpm for 
10 minutes.

The analysis of total serum calcium was 
performed from serum using Arsenazo III rea-
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gent, which together with calcium ions forms a 
strongly coloured complex which is measured 
by spectrophotometry at 660 nm wavelength. 
Determination of magnesium was performed 
in serum using a colour reagent, xylidyl blue, 
which reacts with magnesium ions in an alkaline 
environment to form a water-soluble purple-red 
chelate, measured at a wavelength of 510 nm.

We analysed data from about 5100 patients 
aged 1 month to 18 years old, divided into sev-
eral age categories according to the classification 
made by our Clinic.

Hoffmann indirect method uses the results 
from the database, subjects having minimal pa-
thology, and taking into account 5% up to 95% 
of the values obtained, the values being random-
ly selected.

Hoffmann method requires removing these 
aberrant values by using the Chauvenet criterion; 
it refers to the elimination of values whose prob-
ability of occurrence is less than 1/(2N), where 
N is the number of values taken into account and 
it should be less than 4 in this study (6).

After eliminating these values considered in-
appropriate, data were reviewed and cumulative 
frequency was established.

Cumulative frequency is:

CFXi=	 	 ordered by Xi.

FXi is the frequency of a result of analysis 
and is equal to the ratio between the number of 
occurrences of a result in the data set and the to-
tal number of data, all multiplied by 100%.

Data was represented on the chart, and by 
visual assessment, the portion of the line line-
arity was established. The trajectory of this line 
is fixed on the basis of a mathematical model, 
called “the method of least squares”, which min-
imises the distances between the real points and 
the regression line (6).

The best equation of the regression line is  
Yi = α Xi + β, where: α is the slope and β is the 
intercept of the line.

By solving the regression equation, the max-
imum (RImax) and minimum (RImin) values were 
determined, given that the values must be within 
the range 2.5% and 97.

RImax= α ·97.5+ β and  RImin= α ·2.5+ β  (6)
Reference intervals obtained were then 

compared with those in the Lothar Thom-
as Manual - Clinical Laboratory Diagnostics 
1998 (8) and the Roche Diagnostics Guide 
2004 (9).

Using the data sets taken from the electron-
ic archive of the laboratory, we established the 
cumulative frequency for total serum calcium 
and magnesium in the patients selected per age 
groups.

We presented the chart indicating the cumu-
lative frequency for total calcium and magnesi-
um. The charts revealed that the regression func-
tions and the reference ranges were calculated 
using the indirect Hoffmann method (RImin and 
RImax).

It was not possible to calculate reference in-
tervals for children under 1 month old because 
sufficient data were not available, minimum 120 
data being needed according to the Hoffmann 
method.

For total calcium, in the age group of 1 to 
3-year olds, we obtained almost identical values 
with those stated in the Lothar Thomas Manu-
al - Clinical Laboratory Diagnostics (8), as well 
as in the Reference Intervals Manual - Roche 
Diagnostics Guide (9). For the same age group, 
reference intervals obtained for magnesium 
were between 0.66 and 1.12 mmol/ L. For the 
age group of 1-3-year olds, the lower limit of the 
reference intervals is similar to that shown in the 
two guides, the upper limit of the reference rang-
es obtained is slightly higher compared with the 
studied literature.
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Regarding the age group of 4-6-year-old, our 
study showed a reference interval for total calci-
um, with the lower and upper limits being lower 
when compared with the survey conducted by 
Roche Diagnostics Guide (9), but identical to the 
reference ranges presented in the Lothar Thom-
as Manual - Clinical Laboratory Diagnostics (8). 
The reference intervals obtained for magnesium 
in the age group of 4-6-year-olds were nearly 
identical to the reference ranges mentioned in 
Roche Diagnostics Guide (9). It is more relevant 
to make interpretations according to the refer-
ence ranges presented in this guide, the range be-
ing closer to our specific population. Reference 
intervals obtained in the current study show the 
lower and upper limits slightly higher compared 
with the Lothar Thomas Manual - Clinical Labo-
ratory Diagnostics (8).

For children aged 7 - 18 years old, our study 
showed differences from total calcium as com-
pared to the limits shown by Roche Diagnostics 
Guide (9), because the age group was divided 

differently. Reference intervals shown in our 
study are closer to those shown in the Lothar 
Thomas Manual (8). For the same age group, the 
reference ranges obtained for magnesium are al-
most identical to the reference intervals stated by 
Roche Diagnostics Guide (9), but slightly higher 
compared with the reference ranges reported by 
the Lothar Thomas Manual - Clinical Laboratory 
Diagnostics (8).

Thus, we can state that the values obtained in 
the current study are similar to those reported in 
the literature and that the values we use are valid 
for the population concerned. 

It should be mentioned that we did not cal-
culate whether the difference between the values 
obtained by us and those found in the literature 
is statistically relevant because studies were not 
conducted in the same manner, using the same 
laboratory equipment.

The obvious advantage of this approach is 
that it eliminates the need to recruit healthy peo-
ple taking advantage of the data from the hos-

Table 1. Comparison between reference ranges calculated for magnesium 
and the reference ranges reported in literature. Lothar Thomas Manual – 

Clinical Laboratory Diagnostics (8) and Roche Diagnostics (9).

Analyte Age groups No. of 
patients

Regression  
function

Calculated 
reference 
interval

Reference  
interval (8)

Reference 
interval (9)

Calcium
(mmol/l)

1 month -  
3 years old

1478 0.0048x + 2.1561 2.17 - 2.63 2.17-2.44 2.1-2.6

4-6 years old 1423 0.0040x + 2.1772 2.19 - 2.57 2.19-2.51 2.3-2.75
7-18 years old 2189 0.0045x + 2.1353 2.15 - 2.57 2.19-2.66 2.3-2.75

Magnesium
(mmol/l)

< 1 month old 14 - - New-born:
0.48-1.05

Preemies
0.57 – 0.78

1 month -
3 years old

2071 0.0048x + 0.6510 0.66 - 1.12 -

Children 
and adults
0.70 – 1.05

4-6 years old 827 0.0035x + 0.6878 0.69 - 1.03 School-aged chil-
dren: 0.60 - 0.95

7-18 years old 2193 0.0036x + 0.6681 0.67 - 1.02 School-aged chil-
dren: 0.60 - 0.95
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pital which have already been collected and are 
available.

Taking into account the difficulty of selecting 
“healthy” patients within hospital and outpatient 
structures, especially in terms of ethnicity, the 
values obtained are similar to those published in 
the studied literature.

Reference intervals obtained in this study 
are specific to the population of Sibiu area and 
cannot be extrapolated to other medical facili-
ties without being validated, as health systems  
(population, apparatus, method, reagents) can 
greatly vary between different centres or coun-
tries. The validation process consists of the col-
lection and testing of 20 samples from healthy 
volunteers.

Establishing reference intervals is a power-
ful instrument in laboratory medicine, providing 
valuable information for the correct interpreta-
tion of laboratory results and helping clinicians 
to make correct decisions.
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