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differences were found between the 4 racial groups, these
authors concluded on the basis of results obtained for
children of 7 - 11 years that red blood cell riboflavin did
not provide a suitable criterion of riboflavin nutrition
status.

TABLE 1. THREE-WAY A.'ALYStS OF VARIANCE AND MULTIPLE COM­
PARISO 's TEST FOR DIFFERENCES DUE TO RACE, SEX AND AGE*

Race Sex Age

In the present study on children of 12 - 15 years the
results obtained for the White children were higher than
those for the other 3 racial groups (see percentiles in
Fig. 1).

• P values of 5 % or less indicate a significant difference.
t w = White, B ~ Bantu, C ~ Coloured, [ ~ lndian. For the multiple com­

parisons tests. the convention was followed of underlining all groups which did
not differ significantly (at a 5 % level) with a common Hne.

<&0 6"0 1600 180() 20-0

CONCENTRATION OF RED BLOOD CEll RIBOFLAVIN (~ICROGRAMS PER 100 ML)

Fig. 1. Frequency distribution of red blood cell riboflavin
values in Pretoria children of 12 - IS years.

The analysis of variance in respect of race showed that
the red blood cell riboflavin values of the White children
differed significantly from those of the Bantu, Coloured
and Indian children. No significant difference was found
between the values for the 3 non-White races. Although
significant, the differences between the values for the
White and the 3 non-White races were small, and it would
be extremely difficult to differentiate between children with
deficient. low and acceptable riboflavin intakes on the
basis of the present findings. The resuits obtained in this
study were furthermore much lower than those obtained
by Beal and Van Buskirk' for children ranging in age
from 3 days to 17 years and by Burch et al.' for adults.

The results obtained in this study on the whole confirm
the conclusion of Du Plessis et al.' that red blood cell

Riboflavin forms an integral part of various enzymes
essential for the maintenance of life in man. The impor­
tance of an adequate riboflavin intake for the promotion
of growth and health can therefore not be overempha­
sized. A low riboflavin intake i usually associated with a
low protein intake, and frank or latent riboflavin defi­
ciency can therefore be expected to be widespread in
countries where large parts of the population exist on
sub-optimal protein intakes. As this appears to be the
situation in the Republic of South Africa, it is therefore
desirable that we should be able to recognize riboflavin
deficiency and gauge its extent and severity.

The riboflavin determinations done in the nutrition
status surveys on Pretoria school children had two objects,
namely. to arrive at suitable criteria for the biochemical
evaluation of riboflavin nutrition status and to assess the
riboflavin nutrition status of the 4 main racial groups.

MATERIALS AI\'D METHODS

Details of sample sizes and the dates of execution of the
surveys are given in the paper on protein nutrition status
published in tbis issue (page S09). The statisitcal planning of
the surveys has been fully considered by Fellingham.1

The following biochemical determinations were carried out
for the assessment of riboflavin nutrition status:

1. Urinary riboflavin excretion was determined by a compo­
site method derived partly from the method of the Association
of Official Agricultural Chemists' and partly from that of
lansen.3 This composite method, extensively modified in our
laboratory, has proved to be very reliable. It is based on the
conversion of riboflavin to lumiflavin by ultraviolet irradiation
in an alkaline medium. The lumiflavin is measured fluori­
metrically.

2. The determination of red blood cell riboflavin, total
serum riboflavin and serum flavin adenine dinucleotide (FAD)
was done according to the method of Burch er al:'

3. Urinary creatinine was determined according to the
method of Peters.'

The purpose of the statistical analyses was to test whether
cbildren of different age, sex and racial groups came from
the same statistical population in respect of the biochemical
entities recorded and, if not, to test between what age, sex
and racial groups the differences lay. Details of the statistical
methods used were given in a previous paper.'

Calculations were done on the IBM 704 computer of the
Tational Research Institute for Mathematical Sciences, Coun­

cil for Scientific and Industrial Research.

RESULTS AND DI CUSSIO

The biochemical results are given in the form of frequency
distribution curves (Figs. I, 2, 3 and 4). The 5th, 10th,
50th, 90th and 95th percentiles are also given. The results
of the analyses of variance in respect of race, sex and
age and of the multiple comparisons tests in respect of
race are given in Table 1. A 5"0 level of significance was
applied in all statistical tests.

Red Blood Ceff Riboflavin
The possibility that red blood cell riboflavin concentra­

tion might serve as a criterion of riboflavin nutrition status.
and the problem of interpretation resulting from the
paucity of information in this field were considered by
Du Plessis et al. in a previous paper.' As no noteworthy
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Deficient
< 70 fLg./G creatinine 0-4 20'1 I· 3 0·6

Low
70-199 fLg./G creatinine 24·6 51·7 56·9 55·2

Acceptable
200-400 fLg./G creatinine 39·1 25·1 30·6 37·9

High
> 400 fLg./G creatinine 35·9 3·0 11·3 6·3

This was also found to be the case in the children of 7 - 11
years: Since respectively 25, 72, 56 and 58~~ of the White,
Bantu, Indian and Coloured children could be classified
as being in the low or deficient ranges, it is clear that
riboflavin deficiency constitutes a problem of considerable
magnitude among children of all 4 races in Pretoria.

Although no significant influence of age on urinary
riboflavi:1 excretion was found in the age-group 12 - 15

50

TABLE 11. DISTRIBUTION OF URINARY RIBOFLAVI VALUES ACCORDING
TO STA DARDS SUGGESTED BY PEARSON 10 FOR AGE-GROUP 10-15

YEARS

%o/Iotal %0/10101 %o/tolal %o/Iolal
While Bantll Indian Coloured

children children children children

Fig. 4. Frequency distribution of urinary riboflavin values
in Pretoria children of 12 - 15 years.

The frequency distribution curves of the values for
urinary riboflavin per gram creatinine (Fig. 4) demonstrate
the higher values found for the White children than for
the children of the other 3 racial groups (see also the
percent;les in Fig. 4). These results are in accordance
with the dietary findings ..·•

The analysis of variance showed a significant influence
of race (P <O'I~o), but not of sex or age, on the ribo­
flavin excretion values. The multiple comparisons test in
respect of race showed significant differences between all
pairs of racial groups with the exception of (a) Bantu and
Coloured and (b) Coloured and Indian.

Interpretation of the urinary riboflavin values per gram
creatinine of the 4 racial groups according to the tentative
scale suggested by Pearson'O (Table 11) showed that low
riboflavin intakes probably occurred in all 4 racial groups,
but we:-e particularly prevalent in the non-White children.

on the riboflavin excretion of the individual. The authors
concluded that in the case of the Pretoria surveys these
facto:-s might safely be discounted, as they were either
not likely to have been operative or else could have had
no influence on riboflavin excretion (e.g. diure is).
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Fig. 2. Frequency distribution of serum riboflavin values
in Pretoria children of 12 - IS years.

riboflavin concentration cannot be used as a criterion of
riboflavin nutrition status.

Total Serum Riboflavin and Serum FAD
From Figs. 2 and 3 it is clear that the total serum ribo­

flavin and the serum FAD values obtained for the Bantu
children were higher than the values for any of the other
3 racial groups. The dietary intake studies"" showed that
the riboflavin intakes of the White children were appreci­
ably higher than those of the Bantu children. The results

30 5 2'31 2"57 2"3) 2'36
10 2'38 2"60 2'36 2-49
50 2069 )'73 2"'95 3-06
90 3'73 5-32 )05~ <:'02
95 4'07 5098 3";;' 4-55
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Fig. 3. Frequency distribution of serum FAD values in
Pretoria children of 12 - IS years.

for total serum riboflavin and serum FAD therefore
appear to contradict the results of the dietary intake
studies. This anomaly, that the Bantu children with the
lower intake have higher total serum riboflavin values
than the White children, was also found in the age-group
7 - 11 years." The present study therefore confirms the
conclusion of Du Plessis et al." that total serum riboflavin
and serum FAD are of no value in the recognition of
latent riboflavin deficiency.

Urinary Riboflavin per Gram Creatinine
In a previous paper Du Plessis et al." briefly discussed

the suitability of 2-hour urine specimens for use in surveys
of riboflavin nutrition status and the effect of various
factors such as nitrogen balance, diuresis, sleep and work
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years, a significant influence was found in the children of
7 - 11 years. In Fig. 5 the influence of age on the ribo­
flavin excretion of all children studied in both age-groups
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latent deficiency in children of 12 - 15 years. The most
satisfactory criterion of riboflavin nutrition status wa
provided by the urinary riboflavin excretions.

It can be concluded on the basis of the urinary riboflavin
values (Table Il) that respectively OA, 20·1, 0·6 and 1·3%
of the White, Bantu, Coloured and Indian children were
probably deficient in riboflavin. A further 24·6, 51·7, 55·2
and 56·9°~ of the children in the respective racial groups
l:ould be classified as falling into a 'low' range. A large
proportion of children of all races, and particularly the
non-White races, are thus in a sub-optimal state of ribo­
lIavin nutrition, and riboflavin deficiency is clearly one of
the most important nutritional problems in Pretoria.

Our thanks are due to Dr. M. L. Neser for her assistance
in the preparation of this paper.

AGE IN YEARS

Fig. 5. The influence of age on urinary excretion of ribo­
flavin per gram creatinine in Pretoria children of 7 - 15
years (all races).

(7 - 15 years) is illustrated. The graph represents the com­
bined values of all 4 racial groups and thus gives a
composite picture of the influence of age.

CONCLUSIO S AND SUMMARY

Red blood cell riboflavin, serum riboflavin and serum
FAD all proved unsatisfactory as a means of recognizing
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A STATISTICAL APPROACH TO THE DIAGNOSIS OF LIVER DISEASE ON THE BASIS
OF SERUM BILIRUBIN AND ENZYME LEVELS

S. A. FELLI GHAM, National Research Institute for Mathematical Sciences, AND R. C. P. M. MEKEL, National
Nutrition Research Institute, Pretoria

The clinician is often faced with the problem of coming
to a definite diagnosis on the basis of a large variety of
clinical and other observations. Anyone finding taken on
its own might point to a variety of conditions, and the
problem is to identify a pattern in the observations made
which is unique to a particular disease or condition. In
practice it may happen that, where a large number of
observations are made, the clinician tends to become con­
fused and to base his diagnosis on the few which he
considers to be most important. Such a selection is sub­
jective, and the particular choice of one clinician mayor
may not be the choice of others. The choice may further­
more be biased, if the clinician has had to do only with
a certain class of patient or type of disorder.

This problem is by no means unique to the clinician. A
similar problem faces the nutritionist, who, after he has
made a large number of biochemical, clinical and other
observations on a population, must find some objective
means of interpreting his observations in terms of nutri­
tion status. Likewise, the taxonomist must endeavour to
classify plants or other organisms on the basis of a variety
of observations and the applied psychologist to classify
prospective employees as suitable or unsuitable on the
basis of a battery of tests.

It is clear that some kind of technique is needed which
will deal simultaneously with a variety of observations
and enable class allocations to be made with a minimum

risk of error. The statistical technique known as a discrimi­
natory analysis has been devised to deal with this type of
situation. It was first introduced into statistics by Fisher'
in 1936 to deal with taxonomical problems and .has since
been applied in a variety of fields, though never, as far as
we know, to the problem of clinical diagnosis. The present
paper describes the application of this technique to a
clinical diagnostic problem.

THE EXPERIMENT

A total of 194 patients suffering from a variety of liver condi­
tions, who were admitted to the Pretoria General Hospital,
were studied over a period of 15 months. A specific diagnosis
was made in each case on the basis of a liver biopsy.

Total and conjugated serum bilirubin were measured in each
patient together with the serum activity of 8 different enzymes.
Two of the enzymes determined, viz. glucose-6-phosphatase
and glutamic lactic dehydrogenase (GLDH), had to be dis­
carded for the purpose of the analysis because the observa­
tions for these variables were incomplete. The variables used
were: (I) total bilirubin, (2) conjugated bilirubin, (3) aldolase,
(4) isocitric dehydrogenase, (5) lactic dehydrogenase (LDH),
(6) glutamic oxalacetate transaminase (GOT), (7) glutamate
pyruvate transaminase (GPT), and (8) alkaline phosphatase.

TO observations were made on a control group of normal
persons and this, to some extent, detracts from the value of
the analysis which was carried out.

For the purpose of the analysis, the patients were grouped
into 5 groups or categories of liver disease (Table I). Five
groups were chosen, since this was the maximum number that
could be handled on the electronic computer by the available
programme.




