
Baadenh'iiijsen and Smit: Indirect estimation of clinical chemical reference intervals 829

J. Clin. Chcm. Clin. Biochem.
Vol. 23, 1985. pp. 829-839

Indirect Estimation of Clinical Chemical Reference Intervals
from Total Hospital Patient Data:
Application of a Modified Bhattacharya Procedure

By H. Baadenhuijsen and J. C. Smit

Labor atory of Clinical Chemistry, Department of Internat Medicine, St. Radboud University Hospital, Nijmegen,
The Netherlands

(Rcceived February 22/June 12, 1985)

Summary: Indirect methods for the determination of reference intervals utilise äs input the total bulk of test
results from all admitted hospital patients. One of the strongest arguments in favour of the use of these
indirect methods is that one automatically obtains a one to one relationship between the selected population
sample and the category of people for which the test results are intended. A study was conducted of the
suitability of a inodification of the indirect Bhattacharya method, which also permits the evaluation of heavily
skewed distributions. The robustness of the method was evaluated by studying the homogeneity, stability
and reproducibility of the hospital population in terms of the statistical parameters of the input distributions
and of the resulting reference intervals for creatinine, uric acid and alanine aminotransferase. Finally, the

* age- and sex dependency for 15 clinical chemical parameters was compared with reported literature data.

Indirekte Bestimmung klinisch-chemischer Referenzintervalle aus den gesamten Daten von Klinikpatienten:
Anwendung eines modifizierten Bhattacharya-Verfahrens

Zusammenfassung: Indirekte Methoden für die Bestimmung von Referenzintervallen verwenden als Eingabe
die Gesamtheit der Testergebnisse von allen in die Klinik eingewiesenen Patienten. Eines der stärksten
Argumente für die Anwendung dieser indirekten Methoden ist, daß von selbst eine eins-zu-eins-Beziehung
zwischen der ausgewählten Populationsstichprobe und der Probandenkategorie, für die die Testergebnisse
bestimmt sind, erhalten wird. Die Eignung einer Modifikation der indirekten Bhattacharya-Methode, die
auch die Auswertung von sehr schiefen Verteilungen gestattet, wurde geprüft. Durch Untersuchungen
der Homogenität, Stabilität und Reproduzierbarkeit der Patientenpopulation hinsichtlich der statistischen
Kenngrößen der Eingabeverteilungen und der erhaltenen Referenzintervalle für Kreatinin, Harnsäure und
Alaninaminotransfefase wurde die Robustheit der Methode geprüft. Schließlich wurde die Alters- und
Geschlechtsabhängigkeit von 15 klinisch-chemischen Kenngrößen mit Literaturdaten verglichen.

Introduction Therefore we agree with Schütz (1) that it is often
It is now generally accepted that the term "Normal easier to diagnose illness than health.
Values" should be abolished when dealing with the
criterion for the intuitive Interpretation of test results. Considerations regarding the semantics of the refer-
The application of a normal ränge can only be justi- ence interval concept has been discussed at length by
fied when a representative and homogeneous selec- several authors (2 — 6). As advocated by the IFCC
tion of the healthy population is present for the Expert Panel on Theory of Reference Values (7) it is
pripr study of its "healthy" .parameters. The problems good practice to speak of reference values that result
associated with ascertaining state of health are great. in a reference interval after appropriate assessment
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of the tails of the observed distributions. It is also
necessary that the reference interval is preceded by a
qualifying epithet describing the way the specimens
were treated and analysed.

Because of the problems encountered in selecting the
"healthy" target group attempts have been made in
the past to determine reference intervals from the
total bulk of unselected results that are daily pro-
duced in the clinical laboratory (8 — 11). One of these
so-called indirect methods uses the principles de-
scribed by Bhattacharya (12). The algorithm assumes
that the major part of the total unselected population
can be considered "normal" and that the overlap
between this "healthy" part and the abnormal (high
and/or low) part is only partial.

As can be seen from the underlying mathematics, the
decision s to whether or not the main distribution
can be resolved is easily made when the healthy
distribution in question is indeed Gaussian. For those
distributions that are not Gaussian, the Standard algo-
rithm will fail. Hereafter we propose a modification
of the Bhattacharya procedure which also makes it
possible to deal with skewed distributions.

Methods

Mathemat ica l

Use was made of the Computer Software package REFVALUE
which was developed by us and made commercially available
(13). The statistical approach involved the use of a relatively
simple procedure for the resolution of overlapping Gaussian
distributions (12). The Gaussian or normal probability density
function Y(x) can be defmed s

Y(x) =
l

e- (x - μ)2/2σ2 (eq. 1)

where μ and σ > 0 are respectively the mean and Standard
deviation of the distribution. The peak-shaped probability den-
sity function can be linearised in two Steps: applying a log
conversion for the Y-values (eq. 2), and obtaining a first deriva-
tive after χ (eq. 3):

In (Y(x)) = In Γ —l—l - (x - μ)2/2 σ2 (eq. 2)
L a|/2nj

<"n(Y(x))
—— (eq.3)

By plotting d In (Y(x))/dx against x a straight line is obtained
with slope - l/σ2 and intercept μ/σ2. After replacing the dif-
ferential operator by a forward difference operator Δ, this
yields:

AlnYi(xi) l .-^—=-_χ1 + μ/σ*

This means that by plotting Δ In (Y) against x, the Gaussian
component of the total distribution will be visualised, if it is
present, by the display of the linear part of the first derivative
function. Proper locating of this linear part with its slope and
abscissa-intercept results in the processing of these parameters
into the estimated values of the mean and Standard deviation.
This is illustrated in figure 3 for the creatinine results (men,
born between 1940 and 1950). The values in figure 3 stem from
the original distribution s depicted in'figures l and 2 s a
frequency distribution. Thus calculation of A and B in the
formula Υ = A -h Bx using a least squares method results in:

Estimated value for the mean, μ: —A/B and
estimated value for the variance, σ2: — l/B.

To adjust for the grouping error a correction term h2/12 (She-
phards correctionj has to be subtracted from the calculated
value of σ2, and a correction term h/2 has to be added to the
calculated value of μ, where h equals the classrwidth in the
grouping procedure. The reference interval is finally calculated
s the interval covered by the 2 * 1.96 times the Standard

deviation r nge left and right from the calculated mean value.

In those cases where all observations belong to one particular
population sample, relatively simple statistical tests exist [χ2-
test, Kolmogorov^Smirnov test (see 1. c. (14)), Shapiro & Wilk
lest (15)] to prove or disprove that a distribution is Gaussian.
Using indirect methods, with observations not belonging to
one particular distribution, such tests are not feasible. However,
a good indication of whether one is dealing with an underlying
non-Gaussian subpopulation can be obtained from the non-
linearity in the Bhattacharya plot of the first derivative function.
This is illustrated in figure 9 for the γ-glutamyltransfefase
results of men (born between 1940 and 1950) where, in the
region between 14 and 25 /l, a linear correlation coefficient of
only 0.878 was obtained. TWO alternative ways of approaching
this sort of distributions seem to be possible. One of these is
the assumption that the underlying normal population can be
described by a Gamma function (3,10). The other approach is
to transform the observed frequencies along the abscissa by
some mathematical function (16—19). A frequently used func-
tion is Z = ln(x + c), where c is a transformation constant,
which can be iteratively computed to pr duce a transformed
function with a skewness of zero. Application of this transfor-
mation was advocated by Harris & DeMets (18). From their
work it became also apparent that minimizing the kurtosis
improved the estimators only very slightly or not at all. Using
this ln(x -f c) transformation on non-selected patient data in-
troduces the pfoblem that the transformation paranieter, c,
cannot be determined on the basis of the total distribution. It
should operate only upon that part of the distribution that
represents the underlying nondiseased part of the population.
This part of the program gives the opportunity to choose the
region of interest to be transformed. Figure 8 gives the
smoothed input distribution of the results depicted in figure 7,
together with the chosen setting of a boundary which intersects
the distribution roughly at the points 14 and 25 U/l covering
the region which gave the nearly linear relation s shown in
figure 9. The result of the transformation procedure gives now
a symmetrical central portion of the total distribution and is
shown in figure 10. Note that the abscissa units now appear
on a logarithmic scale. Further processing of this transformed
function is illustrated in figures 11 and 12. In figure 11 there
is now a strict linear relation in the first derivative function,
with a linear correlation coefficient of 0.999 between the ab-
scissa values 9 and 22 U/l. From the slope and abscissa intercept,
the calculated distribution is thereafter generated with help of
the known analyticai function:

l
σ!/2π

Yi

using the estimated value for μ and σ.2.
» i
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Fig. 1. Total input distribution of serum creatinine from males
born between 1940 and 1950.
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Fig. 2. Distribution s in figure l (dotted) and afler applying
a five-point Savitsky & Golay smoothing procedure
(solid lines). Also shown is the intersecting frequency
level for application of a transformation procedufe.
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Fig. 4. Plot of the calculated distribution (solid lines) with a
corresponding reference interval of 53.4—107.6 μιτιοΐ/ΐ
for the creatinine results, displayed together with the
original smoothed input distribution (dotted).
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Fig. 5. Plot of the input creatinine distribution after transfor-
mation with the function Z = ln(x + c), c being
3513.45, on the 51.3% proportion of the total distribut-
ion s depicted in figure 2.
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Fig. 3. Plot of the first derivative function for the creatinine
results. No transformation has been applied in this
case. Good linearity (correlation coefficient of 0.999) is
revealed in the region between 65 and 95 μπιοΐ/ΐ.
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Fig. 6. Plot of the calculated distribution (solid lines) with a
corresponding reference interval of 53.8 — 108.2 μηιοΙ/L
together with the original distribution (dotted) after
application of the transformation procedure.

For a lognormal distribution, s. was the case in the above-
mentioned γ-ghit myltransferase example, this formula reads:

- (In (xi + c) -

in which c is the calculated transformation constant in Z =
ln(x + c), which amounted 2.022 s illustrated in figure 10.
Finally, this calculated distribution, with reference interval of
6.6 — 34.8 U/l, can be displayed together with the original total
distribution s shown in figure 12.
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Fig. 7. Total input distribution of serum γ-glutamyltransferase
from males born between 1940 and 1950.

Fig. 10. Plot of the input γ-glutamyltransferase distribution
after transformation with the function Z = ln(x -f c),
c being 2.022, on the 42.7% proportion of the total
distribution s depicted in figure 8.
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Fig. 8. Distribution s in figure 7 (dotted) and after applying
a five-point Savitsky & Golay smoothing procedure
(solid lines). Also shown is the intersecting frequency
level for application of the transformation procedure.

Fig. 11. Plot of the first derivative function for the γ-glutamyl-
transferase results after transTorin tion. In comparison
with figure 9 the highly improved linearity (correlatipn
coefficient of 0.999) between 9 and 22 U/l is obvious.
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Fig. 9. Plot of the first derivative function for the γ-glutamyl-
transferase results. No transformation has been applied
in this case. The result is a far from perfect linear
portion (correlation coefficient of 0.878) between 14
and 25 U/l.

Fig. 12. Plot of the calculated distributiop (solid lines) with a
corresponding reference interval of 6.6—34.8 /l for
the γ-glutamyitr nsferase results, tpgether with the
original sfnoothed distribution (dotted) after applica-
tion of the transfortaation procedure.

J. Clin. Chem. Clin. Biochem. / Vol. 23,1985 / No. 12



Baadenhuijsen and Smit: Indirect estiraation of clinical ehemical reference intervals 833

Procedural

The execution of the program is based on the prior construction
of sequential disc flies containing the various lest results; the
x-array containing equidistant concentration (or activity) inter-
vals and the Y-array the cumulated frequencies in each class
interval. One of the prerequisites for a proper application of
the Bhattacharya deconvolution technique is the absence of
large statistical fluctuations in the frequency distribution that
prevents recognition of the linear part of the first derivative
function. H is therefore often necessary to accumulate over
\ 500 values for each parameter to be studied. In order to further
enlighten the later statistical evaluations, a filter algorithm
according to Savitsky & Golay (20) s advocated by Naus (11)
has been included in the program. Results of this smoothing
procedure are given in figures 2 and 8 for the creatinine and
γ-glutamyltransferase examplcs.

Chemical

In view of the scope of this study no benefit from a listing of
the ehemical methods used for the determination of the various
constituents was expected and has therefore been omitted.

Results

Our main concern was to evaluate the efficiency of
the transformation algorithm and to explore the pos-
sibility of performing the transformation routine also
in those cases where the healthy subpopulation ap-
peared to be Gaussmi in nature, s detected from
an existing linear relationship in the first derivative
function. It was thought that a consequent applica-
tion of the transformation procedure would enable a
more straightforward evaluation of all existing result
files. In figures 2—6 the comparison of the two alter-
native procedures on the serum creatinine results
from men born between 1940 and 1950 depicted in
fig re l, is illustrated. In figures 3 and 4 the results
are processed directly, witho t prior transformation,
and in figures 5 and 6 with inclusion of the transfor-
mation algorithm. Direct processing results in a refer-
ence interval of 53.4-107.6 μηιοΐ/ΐ. Direct processing
appears justified because of the existing clearcut lin-
earity of the first derivative function between 65 and
95 jimol/l s can be seen in fig re 3. In fig re 2 the
Proportion of the total population which is thereafter
processed in the transformation procedure is depicted
s 51.3%. This value resulte from choosing the

setting of the boundary intersecting the total distri-
bution roughly at the points 65 and 95 μηιοΐ/ΐ, cover-
ing the linear part of the first derivative function s
processed directly. In fig re 5 the appearance of the
total Distribution is given after being processed by
the funetion Z = ln(x 4- c),«dbeing 3513.45. Compa-
rison of figures 2 and 5 reveals the close resemblance
of these two distributions in terms of the abscissa
values with their associate frequency values. Again,

from the slope and intercept of the linear part of the
first derivative function (not shown), the calculated
distribution is generated and plotted in fig re 6 to-
gether with the original (smoothed) input distribut-
ion. This results in a reference interval of 53.8 — 108.2
μηιοΐ/ΐ which compares favourably with the reference
interval of 53.4—107.6 μπιοΐ/ΐ s derived directly.

In table l the comparative results of reference inter-
vals for several other constituents are given. It can
be concluded that witho t exception each of these
Parameters can be processed both with or witho t
transformation of an appropriately selected part of
the total distribution. This enables a straightforward
and even automatic processing of every result file by
firstly looking after an appropriate part of the first
derivative plot with a large enough linear portion. In
cases of a Gaussian sub-distribution this linearity will
frequently be a perfect one and, s was seen in fig re
9 for the γ-glutamyltransferase example, in case of a
skewed sub-distribution this linearity is much less
perfect, but still enables the location of the bound-
aries of fhe region at which the transformation algo-
rithm has to operate. In fact, for Gaussian sub-popu-
lations no transformation routine need be applied,
but it can be seen from table l that there is no
disadvantage in doing it. Therefore by deliberately
applying the transformation procedure, all distribu-
tions can be handled, regardless of their origin.

Tab. l. Reference intervals deduced either with or witho t in-
clusion of the transformation procedure with the func-
tion Z = In (x + c).
The reference interval consists of the region covered by
the 2.5 — 97.5 percentile limits.
The values shown are for males born between 1940 and
1950.

Unit Reference inlerval
Component Witho t After

transformation transformalion

Sodium
Potassium
Chloride
Bicarbonate
Calcium
Inorganic

phosphorus
Haemoglobin
Urea
Creatinine
Total protcin
Cholestcrol
Uric acid

mmol/1
mmol/1
mmol/1
mmol/1
mmol/1
mmol/1

mmol/1
mmol/1
μηιοΐ/ΐ
g/l
inmol/l
mmol/1

136.9 -145.7
3.1 - 4.7

98.5 -109.5
21.1 - 33.1
2.16- 2.65
0.57- 1.53

7.6 - 11.0
1.8 - 9.2

53.4 -107.6
61.5 - 82.9
2.8 - 7.9
0.13- 0.54

136.6 -146.2
3.2 - 4.9

98.6 -109.6
21.1 - 33.1
2.17- 2.64
0.58- 1.54

7.7 - 11.0
1.8 - 9.2

53.8 -108.2
62.0 - 83.1
2.8 - 7.9
0.13- 0.54
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1t has been realised that a sound application of the
Bhattacharya technique is only feasible when the in-
put distribution i. e. the total hospital population, is
homogeneous and stable in time. This means that it
is required that the reference intervals deducted from
it do not vary too widely. We therefore studied the
behaviour with time of the statistical properties of
three example files. Table 2 shows the results for
creatinine (males), uric acid (males) and alanine
aminotransferase (females) sampled in four different
calendar periods. It can be concluded that the mean
and Standard deviation of the input distributions in
no case show a larger coefficient of Variation than
5%. It is also shown that in spite of the large time
interval between the first and fourth calendar period
the reference intervals deducted are remarkably con-
stant. This at the same time implies that good analyti-
cal precision has been achieved over the two-year
period studied.

In table 3 the reference intervals for 1 5 clinical chemi-
cal parameters are listed for both sexes and for 7 age
classes. The age classes consisted pf people born
before 1910, five further decades and finally for
people born between 1960 and 1965. The various
findings will be briefly discussed.

Serum a lbumin

Especially in the adult ages under 50 the concentra-
tion in males tends to be 1 to 2 g/l higher than in
females. Both in males and in females a negative
correlation with age with equal regression coefficients
of —0.06 g/l is detectable. Reviewing other reported
findings, most authors agree with the sex difference
(21—24). Both sexes show a more or less constant
level after the age of 50 years. For females this finding
corroborates with other reported results (21 —23).

Serum total prote in

In the adult ages under 50, the mean serum total
protein concentration for males is about 1 g/l higher
than in females. After the beginning of the menopause
the female levels become close to the males with a
tendency to be slightly higher. These observations are
also reflected in the overall regression coefficients of
-0.06 g/l for males and -0.03 g/l for females. All
other reports seen by us agree with the reported sex
difference (21, 23, 24, 26-29), but not all authors
agree about the fall with age.
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Serum calcium

For all age periods studied, the mean level of the
serum calcium concentration in females is about 2.38
mmol/1, whereas in men, throughout the age period
20—75 years, a steady decrease from 2.42 mmol/1 to
2.33 mmol/1 is found. Other reports agree with the
female values being less than the male values in the
age class 20-50 years (23, 24, 29) but some do not
find the turnaround phenomenon at the menopausal
years (24, 29). This is partly caused by the fact that
the ages over 50 years were not included in all studies
(24). Especially in the ages under 50 years the sex
difference is corroborated by a similar difference for
serum albumin and total protein. This point has also
been focussed upon by Roberts (24).

Serum inorganic phosphorus

It is apparent that starting from the age of about 30
years the female levels of inorganic phosphorus are
about 0.6 mmol/1 higher than the corresponding male
levels, a fact that is agreed upon by almost all other
authors (21, 23, 24, 26, 29). Our data do not confirm
an extraordinary difference between the trends of
serum inorganic phosphorus in men and women s
reported by various authors (21, 22, 27).

Serum sodium

Generally, we found no difference between the male
and female levels in the pre-menopausal years.
Whereas in males no regression with age could be
established, the female levels appear to rise after the
onset of the menopause. As a result, the mean female
levels at the age of 70 years are about 1.5 mmol/1
higher than those found in males. This finding is also
reflected by the reports of Wilding et al. (22) and of
McPherson et al. (23). Roberts (24) did not find any
significant age or sex related difference for serum
sodium.

Serum potassium

We found no clear relationship between age and the
serum potassium values. The overall mean values in
women (3.93 mmol/1, r nge 3.25-4.60 mmol/1) ap-
peared to be somewhat smaller than those in men
(3.96 mmol/1, r nge 3.27-4.67 mmol/1). This fmding
corroborates with the other consulted reports
(22-24), although all these papers report a slight
positive regression with age.

Plasma bicarbonate

In men we did not find an age-induced change in
the plasma bicarbonate content. The female levels
initially are about l mmol/1 lower than the corre-
sponding male levels. In the postmenopausal years
the female levels rise and have a tendency to be about
l mmol/1 higher than in males. This is essentially s
reported by McPherson et al. (23). No other reports
were available for comparison.

Serum cholesterol

In the adult ages till about 50 years the male levels
are higher than the corresponding female levels. B th
sexes show a positive regression with age until the
age of about 60 years (0.05 mmol/1 per year for men
and 0.03 mmol/1 per year for women). The male levels
start slightly lower and the initial increase lessens
after the years over 40. Our results also show that
after the age of 60 years both sexes show a tendency
for lower cholesterol levels, the fall in men being
steeper than in women. As a consequence the female
levels frequently surpass the male levels by about
0.2—0.5 mmol/1. All studies reviewed by us confirm
these cholesterol fluctuations (22, 23, 26, 29, 30).

Plasma glucose

We found a positive correlation with age of about
0.01 mmol/1 per year both for men and women. This
means that from the beginning of adult life towards
the age of 70 years the mean glucose level rises by
about 0.5 mmol/1. From all other reports only the
paper of McPherson et al. (23) discusses the age- and
sex-related changes of glucose. Whereas they did not
find a significant sex-related difference, it was noticed
that between 18 and 65 years of age, both sexes show
a rise of 10% in mean glucose levels. This is confirmed
by our results.

Plasma creatinine

The wellknown phenomenon of the sex difference for
plasma creatinine levels is easily detectable. It is seen
that the mean female levels are about 15 μιηοΐ/l lower
than the corresponding male levels. This compares
favourably with the difference of 16 μιηοΐ/ΐ s reported
by McPherson et al. (23) and of 18 μιηοΐ/ΐ s found
by Wilding et al. (22). Also shown is the positive
regression with age for both sexes. Apart frpm the
late childhood values it can be calculated that in men
the rise with age is 0.22 μιηοΐ/ΐ per year and for women
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0.14 μιηοΙ/1 per year. Although all of the other reports
consulted agree about the sex difference there is no
consensus about the age-related effects. Whereas
Wilding et al. (22) and McPherson et al. (23) agree
with our findings, Williams et al. (26) and Roberts
(24) found no or at best a slight positive regression
with age.

Serum uric acid

For the adult ages between 20 and 70 years men show
a steady mean level of about 0.33 mmol/1. In this
same age interval till about the beginning of the
menopause, the female levels are always lower than
the male levels by about 0.08 mmol/1. Possibly induced
by a menopausal effect, the female levels Start to rise
after the age of about 50 years and finally reach
essentially the male levels at the age of about 70
years. Apart from Williams et al. (26), all other re-
ports reviewed describe an age-related effect (22—24,
29, 31). Our findings are exactly reflected by the
results of McPherson et al. (23).

Serum aspartate aminotransferase

In men we found no clearcut change with age in
the adult age groups. In women a slight positive
correlation with age was found. The upper limit for
female values, starting at about 4 U/l lower than the
male values at the age of about 20 years, rose to the
male level of about 26 U/l t the age of about 70 years.
These findings corroborate with all other reports
reviewed (22, 23, 26, 29).

Serum alanine aminotransferase

The levels of the serum alanine aminotransferase ac-
tivities throughout life show a reinarkable picture for
the male values, which peak between 30—40 years.
This phenomen n was only partly be confirmed byt
the only other report n serum alanine aminotrans-
ferase. In this report of Goldberg et al. (32) it was
shown that after the age of 30 years the activity in
males decreased significantly With age. For females
they found, s we did, no consistent change with age,
their levels being always less than the corresponding
male values.

Serum Y-glutamyltransferase

A clearcut difference between male and female levels
of serum γ-glutamyltransferase activity during adult
life is discernable. In both sexes we noticed a posi-

tively age-related regression until the age of about 50
years. Thereafter this picture changes into a negative
age-correlation. The sex difference is confirmed by
the reports of Williams et al. (26) and Knight &
Haymond (33). Williams et al. (26) report a steady
increase in women till the age of about 56 years.
Whether they fail to assess the female decrease at the
ages over 60, because of lack of Information from
these older age groups, is not clear.

Serum alkal ine phosphatase

Especially in females a positive regression with age
from 30 — 60 years is noticed. This appears to be
caused by an increase of the lower reference limits.
As also noticed by Goldberg & Winfield (32), the
mean female values reach or surpass the male values
after 50 years of age. Particular attention should be
payed to the large mean value and upper reference
limit in boys in the age group 17 — 21 years. As
noticed by others (23, 33, 34), the initial high child-
hood values, with higher values in boys than in girls,
level off in boys after the age of 18 years, whereas in
girls the decline towards adult values Starts at the age
of 17 years. This is also reflected by our high reference
interval in the male category in the age group 17—21
years (mean 105, upper limit 165 U/l) compared with
the next male age group of 21 —30 years (mean 80,
upper limit 122 U/l).

Discussion

Interpretation of the result of a biochemical test re-
quires to answer the question of whether or not the
test result belongs to the distribution of values found
in a particular population. The composition of this
target population can vary according to the interest
of the intended user. This necessitates the accurate
definition of the members of the target population
(29). Further, the conditions under which the analyti-
cal samples are collected and processed have to be
stringently standardised. In spite of the criticism that
has been raised about the use of the so-called indirect
methods for estiniating reference intervals (3,
36—38), we thought that it remained an attractive
alternative approach in view of the practical difficul-
ties just mentioned. Moreover, in hospital, blood
specimens are frequently collected under a wide var-
iety of conditions which, without doubt, have effect
on the final analytical results. Therefore, reference
intervals deducted from selected healthy samples,
with use of state of the art procedures, may not

J. Clin. Chem. Olin. Biochem. / Vol. 23,1985 / No. 12



838 Baadcnhuijsen and Smit: Indirect estimation of clinical chemical reference intervals

provide the Information needed to make the appro-
priate clinical decision, because what is gained in
sensitivity is lost in specificity. By using äs input the
total bulk of test results from all admitted patients,
one automatically obtains a one to one relationship
between the selected population sample and the cat-
egory of people for which the test results are intended.

The application of the Bhattacharya deconvolution
technique of partly overlapping Gaussian distribut-
ions is hampered by the restriction that the method
becomes invalid when the composite distributions
are too close to each other, thereby preventing the
recognition of the linear part in the first derivative
function. It is easily imagined that in a Situation
where all hospital admissions are followed by a
routine screening of a biochemical test profile, this
requisite is much more easily fulfilled, because the
Proportion of normal values is increased in compari-
son with the Situation where such a routine screening
procedure is absent, and where the laboratory mainly
provides answe'rs to more or less specific requests.

In our view, this drawback will not prevent the ap-
plication of this technique when it is properly used.
We have therefore included the restriction that result
files may only be processed when a large enough

linear part of the first derivative function, in terms
of the percentage of the total population, can be
found. In practice we have always set this restrictive
boundary at 40%.

The mefits of indirect estimation procedures are often
criticised on the basis that hospital populations by
nature are heterogeneous with no discernable main
population with any stability or reproducibility. We
believe we have presented evidence (tab. 2) that with
a large enough population sample the stability of
the total hospital population is satisfactory. Together
with the above-mentioned restriction of 40%, this
gives enough assurance för a sound application.

A further argument in favour of this technique is the
agreernent with the obsefvations reported by other
authors on the age- and sex dependeiicy of reference
intervals. It has to be fealised that often these relä-
tionships are relatively weak. Nevertheless this tech-
nique appears to be able to resolve such weak rela-
tionships.

We therefore believe that with this relatively easy
technique every laboratory is able to assess its own
reference intervals, divided, when possible^ according
to sex and age, and according to the local conditions.
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