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The aim of the work was to animate billions of biochemical data obtained from unselected 
patients and sunk in computer memories of large laboratories. The original method, a so-
ftware package JEG, allows isolating of the subset of Gaussian distributed values from the 
low and high values contained in the original data set. In a main parcel of 1455 data sets 
(1 148 008 results) there were results of systematical analyses of 18 major serum parameters 
from 6 laboratories. Trueness and reproducibility of the results were examined. The own, 
indirect laboratory reference limits as well as age and gender dependency of any serum 
constituent were determined, all without additional blood collection. Statistical comparison 
with up to 16 sources from the literature showed a significant accordance of 33 from 36 
mean and maximal values. The method is fast, fully automatic and simple. 

K e y w o r d s: indirect reference distribution; normal distribution; laboratories; inpatients
List of Abbreviations
GRI – Gaussian Reference Intervals, HC – Histographical Curve = smoothed histogram
IQC – Internal Quality Control, JEG – name of the program
MP – main parcel

1. Introduction

IQC verifies only correctness of the preparation of a laboratory to its work. But there 
are methods that allow controlling the correctness of the laboratory results. Visual-
izing the distributions of sets of routine, unselected laboratory tests results we found, 
that they are mostly skew, but “Gaussian-like”. Using the own “JEG”-method it is 
possible to extract reasonable “Gaussian part” from any laboratory data distribution. 
Archival data sets from many medical laboratories were systematical and compre-
hensive investigated. Moreover, the averaged statistical features of these Gaussian 
parts correlated significantly with the general admitted reference ranges. 
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 The method enables not only the internal quality control, other than IQC, but also 
very simple settlement of the own indirect laboratory references, best fitting to the own 
patients’ population. Moreover, any seasonal variation may be determined, any depend-
ency on age or gender easy proved, all without any additional collecting of blood. 

2. Material and Method

In the last 10 years great sets (>200) of unselected results obtained from more than 
25 Polish and foreign laboratories (USA, Austria, Luxembourg) were investigated. 
Correlation of the test results with respective clinical diagnoses or patients personal 
data other than sex and age could not be attempted, because that information is not 
registered in polish laboratories. The Main Parcel (MP) is made of the 2 to 5 years 
results from 6 different laboratories [1] (Table 1, A – F). Two of them (C, D) were 
connected with great general hospitals, two other (A, F) with smaller hospitals with 
outpatient units, one belonged to a children’s hospital (E) and one was located at 
an outpatient clinic for secondary school (B). Eighteen analytes (listed in the first 
column in Table 3) were systematically examined. More than 1-year results of some 
analytes from three great commercial laboratories and many smaller laboratories 
were also investigated. The quality of work in all these laboratories was kept under 
constant internal (IQC) and national (by the National Center for Quality Assessment 
in Laboratory Medicine, Łódź) as well as international control.

Table 1. Overview of the data sets in the Main Parcel

Laboratory A B C D E F
Number of data used 42 282 180 647 287 072 291 091 212 867 134 049

Period 
from – to

01/Jun/00
13/Mar/02

13/Jan/99
27/Mar/02

03/Jan/00
01/Jul/02

01/Jan/00
30/Nov/01

02/Jan/96
18/Apr/02

29/Jun/00
19/Aug/02

Months 22 39 30 23 75 26
1000 of data/month 1.9 4.6 9.6 12.7 2.8 5.2

 Reference values averaged from the data found in up to 16 publications [Table 2 
and list at the end of the References] were used for the trueness valuation.

2.1. Program JEG 

The JEG computer program [1] enables: 1) constructing of a histogram from a dataset, 
2) smoothing this histogram with the kernel density estimation method [2], 3) generat-
ing of a scaled Histographic Curve (HC, Fig. 1 left-hand) finally 4) approximating of 
an appropriate Gaussian curve to the HC (Fig. 1, right-hand). Statistical features of 
this Gaussian Curve (MV-2SD=min, MV=opt, MV+2SD=max) are called Gaussian 
Reference Interval (GRI). The height of any HC (its median point) is standardized 
to a common, fixed level.
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Fig. 1. Standardized histographic curves (HCs) of glucose result distributions from 6 different labo-
ratories (left); (in the original GRI figures horizontal axis means always classes in adequate units, the
vertical one always the relative numbers of data in classes). Right: one HC with the full JEG analysis, 
HC, Gaussian curve (inner curve), Gaussian Reference Interval (GRI) and own laboratory standard

 (thin line)

Fig. 2. Examples of the smoothed distributions (HCs) of results of analytes in one of 6 laboratories with 
the approximated Gaussian curves (shaded – the difference HC-Gauss)
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Table 3. Mean values of the optimal (MV) and maximal (MV+2SD). GRI values of the analytes in the
   main parcel (MP) compared (t test) with the mean values of up to 16 (n ref.) references (ref.)

analyte n
MP

mean
MP

SD
MP

n
ref.

mean
ref.

SD
ref.

diff.
MP-ref

t
test

Na            opt
mmol/L  max

6 141.69 2.22 12 140.90 0.88 0.79 1.098
6 146.91 2.68 13 146.00 0.83 0.91 1.144

K             opt
mmol/L  max

6 4.34 0.15 13 4.33 0.22 0.01 0.131
6 5.15 0.17 14 5.070 0.29 0.08 0.655

Cl             opt
mmol/L  max

6 104.31 1.30 12 103.00 1.90 1.31 1.510
6 111.26 2.11 12 108.00 2.30 3.27 2.916

glu            opt
mmol/L  max

6 5.08 0.20 13 5.08 0.33 – 0.001 0.007
6 6.50 0.22 13 6.240 0.48 0.26 1.232

Kre           opt
µmol/L   max

6 75.06 6.79 12 88.70 7.99 – 13.64 3.573
6 108.17 8.16 14 112.00 10.70 – 3.83 0.780

UN           opt
mmol/L  max

5 4.80 0.62 13 5.17 0.61 – 0.37 1.161
5 8.22 0.90 15 7.93 0.98 0.29 0.586

ALT         opt
IU/L       max

6 27.07 5.22 6 23.83 5.14 3.24 1.083
6 44.78 10.08 13 42.00 15.62 2.78 0.396

Cho          opt
mmol/L  max

6 5.38 0.37 9 5.34 0.70 0.04 0.128
6 7.71 0.41 11 6.81 1.36 0.90 1.565

AST         opt
mmol/L  max

6 21.69 3.85 11 21.13 6.16 0.56 0.199
6 33.97 6.18 16 39.96 9.22 -5.99 1.462

Bil            opt
µmol/L   max

6 10.28 1.83 11 11.60 1.60 -1.32 1.544
6 17.88 2.89 14 21.60 4.30 -3.72 1.927

Ca            opt
mmol/L  max

5 2.39 0.07 12 2.40 0.07 -0.01 0.320
5 2.65 0.08 15 2.59 0.09 0.06 1.275

TG opt
mmol/L  max

6 1.13 0.11 7 1.35 0.48 – 0.22 1.090
6 1.94 0.22 9 2.48 0.71 – 0.54 1.775

TP            opt
mmol/L  max

6 6.96 0.30 11 7.29 0.20 – 0.33 2.748
6 8.26 0.42 12 8.15 0.22 0.11 0.717

Mg           opt
mmol/L  max

6 0.85 0.05 7 0.89 0.075 – 0.04 1.239
6 1.02 0.04 7 1.09 0.11 – 0.07 1.483

UA           opt
µmol/L   max

6 263.60 48.90 12 308.20 40.85 – 44.60 2.049
6 428.79 73.66 14 441.00 66.35 – 12.21 0.366

ALP         opt
IU/L       max

6 77.58 18.38 9 106.00 34.70 – 28.42 1.827
6 134.43 37.32 11 140.20 56.40 – 5.77 0.224

CPK         opt
IU/L       max

4 134.38 22.90 4 154.00 87.96 – 19.60 0.432
4 245.99 44.84 7 246.00 181.00 – 0.01 0.000

GGTP      opt
IU/L       max

6 22.06 4.12 5 19.90 4.29 2.16 0.849
6 43.82 9.68 10 35.40 10.20 8.42 1.628

2.2. Procedure of the Investigation

On the basis of all results of an analyte in a specific laboratory a HC that gives 
a view on the general type of the distribution is constructed (Fig. 1). A comparison 
of all HCs from different laboratories enables the visual assessment of the trueness 
(relative correctness) of each of the HCs. For the examination of the reproducibility 
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all results of an analyte in a laboratory are divided sequentially into 3–10 (mostly 
6) successive equal parts, if possible not smaller than 350 results, and investigated 
in the same way. A comparison with the averaged references from literature (Table 
2 and 3) enables a numerical assessment of the trueness. 

3. Results

3.1. Histographical Curve (qualitative and semi-quantitative estimation)

The general shape of a HC is to some extent characteristic for each analyte (Fig. 2). 
The HCs of some analytes depend more or less distinctly on the gender or/and age of 
patients (Fig. 3). In a certain but smaller degree it may be typical for a given labora-
tory (Fig. 1 left-hand), depending on the number and size of pathological results. 

  The examination of the reproducibility is very sensitive and shows always more 
or less distinct shifts of the successive HCs. Additionally, investigations and experi-
ments show that some untypical HCs result mostly from overlapping of a number of 
different regular HCs. The greatest part of them results from differences in distribu-
tions depending on patient sex and age.

3.2. Gaussian Reference Intervals (Quantitative Measurement)

There is always possible to approximate the Gaussian curve to a nondeformed HC, 
mostly to one of its arms (“physiological one” [3]) or to the top of the HC (Fig. 2). 
The JEG program realizes these approximations automatically. At first JEG searches 

Fig. 3. Differences in creatinine levels depending on sex and age

a)            b)

0    10     20     30     40   50    60     70      80     90 100  110  120   130   140 150 160   170    180   190 mg/dL
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for the highest point of the HC (the modal). In the second step an appropriate Gaussian 
curve is approximated to the steeper arm of the HC. Sometimes untypical distribu-
tions appear, therefore the shape of the HC and the result of the approximation made 
automatically by JEG should be visually controlled by any analysis.
 In the main picture of the JEG-program the reference bell-curve (which features 
were previously estimated individually by the user) is shown and compared with 
the analyzed HC (Fig. 1 right-hand) as the verification of trueness. Finally the JEG 
program returns a table with the features of all GRIs analyzed in this session. In the 
present paper standard statistical methods (t test [4, 5]) are used for the comparative 
calculations.

4. Discussion

The importance and specificity of the described method lies in the fact, that it verifies 
not the preparation of the laboratory for its work but the results of them. 
 As early as in 1960 Pryce [6] presented a simple method for defining “normal-
ity”. He took modal value of unselected samples in a general hospital as the point 
of reference and superimposed the Gaussian curve on it. We believed that Pryce’s 
original statement: “this statistic simply describes the bulk of the observed popula-
tion, and does not connote optimum or ideal” very well described the problems in 
question. In the present study we describe a very similar method which is, however, 
much simplified and improved, partially due to the use of the specialized JEG com-
puter program. The method is simple and fast, it automatically extracts a Gaussian 
curve from the smoothed histographic curve (HC). Such an extraction is also possible 
with use of some mathematical calculations, e.g. [7]. This, however, would not be 
easy for a physician. Our method lets one to extract the “Gaussian core” from the 
total distribution, and has several other advantages, especially when compared with 
numerical calculations reported previously [7, 8]. 
 In spite of numerous discussions published in the literature, the conformity of 
data obtained from patients to a normal (Gaussian) distribution is still believed to 
be of fundamental importance [8–14]. At the beginning of our investigation we did 
not assume that the distributions fitted the Gaussian curve. The problems related 
to utilization of inpatients’ data for determining the reference intervals have been 
extensively discussed in the literature [3, 7, 15–21], and this inspired us to develop 
the approach described in this communication. “Absolute health does not exist” said 
Solberg [21]; we believe that absolute pathology does not exist either. The same 
author wrote also that “it is possible to be ill in one respect and well in another”. An 
average inpatient has usually a well defined pathology, but this does not exclude the 
possibility that the values of many parameters of his serum are within the reference 
ranges. One of the advantages of our method is that it eliminates the high and low 
(probably pathological) results from the data obtained from unselected patients. 
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The values obtained with the demonstrated method came surprisingly close to the 
reference values published previously (Table 2 and 3), and obtained by using much 
more complicated and time consuming approaches. In any case the method fulfils 
in a rough, easy and quick way the recommendation concerning the verification of 
reference values in any laboratory [22] and offers the Patients (Population-) Ref-
erence Values [23], useful for solving many diagnostic problems. It is also much 
easier, more accessible, and cheaper than the big studies cited by Cembrowski et 
al. [24 ]
 The pictures in Fig. 2 and 3 show, that there is possible to approximate (auto-
matically) a Gaussian curve to a part of the smoothed histogram of any analyte. On 
the basis of our experience we would conclude that in the major biochemical serum 
constituents, also in hospital population, the Gaussian distribution may be shown.
 The averaged optimal (MV) and maximal (MV+2SD) 33 values of automatically 
generated GRI in our 4–6 laboratories do not differ significantly from the reference 
values averaged from 4–16 papers. It seems, that there is advisable to compare the 
GRI values with the reference ones, to accept GRIs as Laboratory Reference Ranges 
and that the JEG method renders good services in solving this problem.
 Interestingly, for two serum constituents we obtained the GRI values significantly 
different from the reference ranges published by others. In creatinine and total protein 
data set optimal data (MV) are significantly lower. We suppose, that this phenomenon 
is related to the specifity of the investigated population [25].
 The exact examination of many thousands of distributions of different analytes 
from different laboratories enables identification of difficulties in interpretation of 
some HCs what should not surprise in biological material.
 The practical usefulness of similar method was confirmed also by other authors, 
like Henny at al. [26], Ichihara [27] and some Polish colleagues [e.g. 28] familiar 
with the JEG-method. 

5. Conclusions

 1. A JEG method is described, which enables verification of trueness and repro-
ducibility of results obtained in any large laboratory by computerized analysis of 
archival data sets.
 2. Any additional collecting of blood is not necessary.
 3. All investigations are done on the basis of the laboratory’s own unselected 
patients’ results, independently, but under control of IQC. 
 4. Results called Gaussian Reference Intervals (GRI) correlate mostly (33/36) 
with reference limits averaged from the literature and may be used as a Laboratory 
Reference Range.
 5. With the JEG method the sex and age dependence of all serum constituents 
may be easily determined. 
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