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‘Attention is drawn to the confusion which surrounds the
concept of nutrition status and the problem of selecting an
optimum subset of variables by which nutrition status can best

- be assessed is defined.

‘ Using a multidisciplinary data set of some 60 variables
observed on 1898 school children from four racial groups, the
‘study aims to identify statistically, both those variables
which are unrelated to nutrition status and also those which,
although related, are so highly correlated that the measure-
ment of all would be an unnecessary extravagance.

It is found that, while the somatometric variables pro-
vide a reasonably good (but non-specific) estimate of nutri-
tion status, the disciplineijorm meaningful groups and the
“variables of the various disciplines tend to supplement
rather than replicate each other. - Certain variables from
most of the dlsc1pllnes are, therefore, necessary for an op-

timum and spec1f1c estlmate of nutrition status..

Both the potentlal and the shortcomlngs of a number of

" statistical technlques are demonstrated
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CHAPTER 1

INTRODUCTION

The term nutrition etatus is a familiar one to the bio-
logist and, indeed, most laymen have an intﬁitive feeling for
its meaning. There are, however, few terms in the biological
literature which have so persistently evaded concise defini=~
tion. The term means different things to different people.
The clinician will gauge nutrition status by the presence or
absence of a variety of clinical signs and Symptoms§.the ,
anthropologist thinks of the extent to which body measurements
descriptive of size and shape coﬁform to an ideal; the bio-
chemist envisages the concentrations of various biochemical
entities measured in the blood and urine; the radioloqist
would think in.terms,of the degree of bone development as
revealed by an X-ray photograph, whilelthe dietician,'associa~
ted withtthe most directly measurable aspect of nutrition sta-.
tus, thinks in terms of the adequacy of ingested nutrients.

. Will aiconcept as diffuse as this yield to statistical treat-
ment? Is it possible, on the basis of the above-mentioned
.disciplines to produce a unique, coherent definition? This

thesis represents an attempt to do so.

In broad terms the assessment of nutrition status implies'
the evaluation of a certain complex set of characteristics. A
large number of variables, purporting to measure these charac-
teristics and representing many different disciplines have
been put forward. The problem is to know which of the varia-
bles are really important. Some may in fact merely represent
"noise" and have little or nothing to do with nutriticn status.
Others may well be important, but two or more variables may be
sc highly correlated that the information contained in the one
-is ﬁerely duplicated by the other and the measurement of both

"is therefore, an unnecessary extravagance. The problem is to

2/ ..



2.
choose that particular subset by which nutrition status can-

best be defined and assessed. .

An attempt to definevthe concept of nutrition status,
and formuléte an intérdisciplihary procedure for its assess-
ment, must be based on observational data. Before an optimum
selection of variables can be made, all those wvariables which
may be eligible for selection will have to be measured on an
appropriate sample. 1In drawing the sample, the following as-—

pects must be considered.

(i) Nutritional deficiency diseases are mos t prevalent
in infants and young children. The sample should,

therefore, represent these age groups.

(ii) The variables measured may be sex-dependent, it is,

therefore, cleér that both sexes must be represented.

- (iii) For any results to be generally applicable, it must
_be.prbven that they hold for the different racial
groups; It is, therefore, essential that each of
the four racial groups in the Republic of South

Africa be represented in the sample.

In a series of nutrition status surveys carried out du-
ring the years 1962-1965 by the National Nutrition Research
Instituté+of the CSIR, observational data were obtained which

are highly suited for the purpose of such a study.

+This Institute was subsequently disbanded and the team re-
sponsible for the survey work became part of the National
Research Institute for Nutritional Diseases, S.A. Medical
Research Council.



CHAPTER -2

.THE PRETORIA SURVEYS

2.1 Background and purpose of the surveys

The nutrition status surveys were conducted on representa-
tive samples of Pretoria school children in the four raéial
groups. They were carfied out by the Field Studies Division of
'the National Nutrition Research Institute, in collaboration
With other Divisions. The author, then a member of the Natio-
nal Research Institute'fdr Mathematical Sciences of the CSIR
was responsible for the statistical planning of the surveys
and the analysis of the results; The statistical planning of
. the surveys has been published in detail (see Fellingham, 1966).
Certain aspects,_necessafy_to an underétanding of the present

study will briefly be repeated here.

The surveys were done with the primary purpose of studying
techniques and evaluating critéria for carrying out nutrition .
status surveys. Such techniques covered the whole range of
problems that might be encountered in survey work, including
the initial planning of the survey, the drawing of a represen- |
tive sample of children, the obtaining of biochemical samples,'
the clinical examination of the children, the obtaining of re-
presentative food Sampies,_the relevant chemical analyses and

finally, the evaluation of the results.

It waé accordingly decided to'dbserve as many somatometric,
clinical, biochemical, haematological, radiological, dietary,
socio-economic and other variables as was practicable. From
this mass of information it was hoped that it would be possible
to sift oﬁt-those'vériables that would furnish the most useful
parameters for describing the nutrition status of the school
child, and that on completion of the Pretoria schools survey
the survey procedure could be streamlined and simplified so as

to facilitate future surveys conducted on a nationwide scale,



2.2 The Population

2.2.1 White children

The White primafy school children of Pretoria were the
first surveyed. Although it was considered desirable to study
as youngvan.age group as possible, pre-school children had to
be exéluded from this pioneer survey since the practical diffi-
culties involved in their inclusion would have been too great.
The White primary school children on the other hand, appeared
to constitute an ideai group for a nutrition status survey
since school attendanée is compulsory for Whites and the entire
child population in the younger age group (barring abnormal
children) is, therefore,.listed on the primary school regisf

ters and easily accessible at the schools.

The survey was conducted on all White school children of
both sexes in the age group 6-15 years who at the time of the
survey were attehding schools in the Pretoria area. This area
was defined as the geOgraphical region, excluding Voortrekke;—
hoogte, lying within the (pre-1964) municipal boundaries of
Pretoria, together with any peri-urban area not separated from
these boundaries by an uninhabited tract of land. This area 23
" was selected as defining a reasonable homogenous population: -
group. White children in the age group 6-11 years were sur-
veyed in 1962 and those'in the.age group 12-15 years in 1965.
The fact that the 12-15 year old White children were surveyed
3 years after the 6-11 year old group presents certain statis-
tical problems, since the 12-15 year old children of 1965
would constitute the same population (with the exception of
children who had left Pretoria or newcomers who had arrivedf
as the 9-12 year old children of 1962. The reasons for this
situation and the disadvantages inherent in it have, however,
been ‘discussed by Fellingham (1966). Since it is unlikely to
have an adverse effect on the present study, they will not be

 repeated here.



2.2.2 Non-White Children

_ ‘In 1963 the survey was extended to Bantu, and in the fol-
lowing year, to Coloured and Indian children, sufficient ex~
perience having been gained from the surveylof the White chilg-
ren.: The population for each of these non-White race groups
was defined as children attending schools in thoSe areas whose
working population was in the main, employed in the defined
Pretoria area. Whilst_schobl attehdance is not compulsory for
the 'non-White race groups as it is for the Whites, according
to the school authorities an estimated 80-90% of all Bantu
children in the Pretoria area would have commenqed atfending
school byvthe time they reaéhed_the age of 8 or 9 years. 1In
“the case of the Indian and the younger Coloured children, the
attendance was believed'to be in the region of 100%. Since:

" very few 6-year old Bantu children attended school, this age
group was omitted in the survey of the Bantu. For this reason
the present report deals only with children in the age range

7-15 years.

Thé population sizes of the four racial groups are pre-
sented in Table I. It can be seen that the Bantu population
was approximately as great as the corresponding White popuia*
tion, whereas the Coloured and Indian populations were only a

small fraction of that size.

2.3 vSampling Procédure

After consideration had been given to a number of samp-

" ling techniques it was decided to draw a simple random sample
from each population as defined above. Since many of the
variables observed would be influenced by the age and/or sex
of the child, it was further decided to stratify the sample

in respect_éf both age and sex. Further sampling details are
described in terms of the 1962 survey of White primary school
children. The procedures used in the other surveys»wére basi-~
cally similar with the exception of certain differences which

'will be pointéd out later.
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7.

In order to obtain a simple random sample of the primary
school children it was necessary that within an age-sex cell,
every child should have the same probability of being drawn.
Since the distribution of the children, over the age-sex cells
was.not too disparate (Table I), it was decided to draw a con-

“stant number of children from each cell. The miscellaneous
character of the variables selected for measurement and the
consequent variation that could be expected in the standard de-
viation, made it very difficult to come to any valid conclusion
as to the required sample size. On the basis of previous ex-
perience in isolated surveys carried out by the NNRI, it was
anticipated that 30 observations would probably be adequate per
age-sex cell. This figure of 30 allowed for a possible further
dichotomy of each cell on the basis of somé observed variable,
e.g. socio-economic status. In view of the somewhat rigorous
demands that the survey would make on both parents and children,
it was decided to ailow for a nonresponse of 50%. Thus a maxi-

mum of 60 children per cell would be drawn.

For each survey, teachers of individual classes at each
school were requested to enumerate the number of boys and girls
in each age group.. For each age-sex group a one-to—one>cdrres—
pondence was then set up between each enumerated member of that
-group, and a serial list of numbers. From this list, random
samples of the required size in each age and sex group were
drawn with the aid of random numbers. The sampling was sequen-
‘tial, so that, although a maximum sample size of 60 per cell
was catered for, the survey could be stopped before the planned
end and still provide a reasonably random and representative
sample of the population. This objecti§e was attained by draw-
ing a sequéntial random sample of the schools, on the basis of
which the schools were arranged in a random sequence. For.
practicalvpurposes certain intervals were selected within the
random sequence. Within any interval the schools could be
visited in any convenient order, but all schools within a cer-
tain interval had to be completed before schools in the next

interval were surveyed.



8.

After the schools within each interval were completed, an

analysis was made to determine whether a sufficiently accurate

estimation of the desired population parameters could be made

for each of the variables observed. For this purpose it was

assumed that each of the variables was normally distributed

and the following fdrmula for large populations (see Sukhatme,

1954) was used:

v

il

(a) 8 2

Fl;n -1 1
1

existing sample size
mean

standard deviation

©100e% is the maximum percentage deviation from

the (true) population mean u that can be

tolerated. e was chosen as 0.10
level of uncertainty, and was chosen as 0.05

the appropriate F-value with 1 and n_ - 1 de-
grees of freedom | 1_
estimated-néw sample size for which it will
be true with 100(1 - a)$% certainty that the
new sample mean §n lies within 100e% of the
population mean u, i.e. that P{|§h - u{i eyl

= 0.

For the 1962 White survey it was ascertained by means of

this'procedure that when approximately 25 children per agé—

sex cell had been surveyed it could be stated with 95% certain-

ty that in the case of most of the variables, the observed

(sample) mean for a given variable lay within 10% of the true

population mean.

By this time, however, the practical machi-

nery of the survéy was in full swing. It was clear that

little financial saving would result if it were stopped at

9/ v eeeenn
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that stage. It was, therefore, decided to continue until all
schools had been surveyed, thus attaining the highest possible
degree of precision. The number of children actually surveyed
on whom the present analyses are based are presented in Table
IT.

In subsequent surveys carried out on the Bantu, Coloured
and Asiatic primary school children (1963-1964) and on the
older White children (1965) a similar sampling procedure was
used in each case. In the surveys of the Bantu and older
White children formula (1) above was again used to ensure that
adequate sample sizes were drawn. Owing to the much smaller
size of the Asiatic and Coloured populations, these could not
be regarded as approximately infinitely large and population
size was taken into account when determining sample size. For
this purpose the following formula for finite populations (see
Sukhatme, 1954) was used:

A

< (2)
= 1+ (1/N)A

F 2
l;nl—l (a) Sl

where A =

N = population size

All symbols are as previously defined for equation (1)

above.

In each case the full sequential sample of schools was
completed and the minimum sample size for the great majority
of variables was exceeded for each survey. 1In these surveys
it was possible to make a more accurate assessment of the an-
ticipated response. A summary of the estimated response, the
sample sizes drawn, the numbers actually surveyed and the

true percentage response is given in Table III.

2.4/
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2.4 Representational value of sample

The extent to which the sample will (within the limits of
chance variation) be representative of the population, will de-
pend on three factors viz. the sample size, the extent to which
the sample is unbiased, and the response to the sampling.

These are discussed below:

2.4.1 Sample size

According to the tests carried out by means of formula
(1) above during the 1962 survey of the younger White children,
it was found that (assuming the variables to be normally dis-
tributed) one could state with 95% certainty that after about
25 children per age-sex cell had been surveyed, sample means
for all except 8 of the variables deviated by less than 10%
from the corresponding true population means. The variation
in those variables which did not comply was, however, so great
that an increase of 20 children in each age-sex group would
have probably been necessary before the real population ave-
rages could be estimated within an accuracy of only 20%. 1In
general, the scatter in values for each variable observed in
the non-White surveys, and in the White survey on older chil-
dren, proved to be of a similar order to that found in the
first survey. It can, therefore, be stated that, for the ma-
jority of variables, the numbers surveyed were more than ade-
quate in all five surveys for accurately estimating the popu-

lation averages on each age-sex group.

2.4.2 Bias in sampling procedure

Since the sampling procedure was such that each child in
a given age-sex group of the population had an equal probabi-
lity of being drawn, the sample should be free of bias. The
percentage of the population actually surveyed is shown in
Table IV. It can be seen that the probability of the child

being drawn varied somewhat from one age group to another,
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since the number of children in each group was not constant.
This was more noticeable in the case of the Bantu and Coloured
groups where there was a marked. falling off in the number of
children in the older age-groups (Table I). The fluctuation
in the percentage sampled, however, remained within reasonable
limits (Table III).

In general, the sampling prbcedure for the White and
Asiatic surveys and for the Bantu and Coloured children of
7-11 years should yield a reasonably unbiased sample. The re-
presentational value for the child population as a whole, of
the samples of the 1l1-15 year old Bantu and Coloured groups,
is affected to some extent by the fact that not all children
in these age groups were reached in the sampling. Since it is
likely that the socio-economic factor determines at what age
or-standard the child leaves school, it is probable that the
sampling of these age-groups will have been biased to some de-
gree in favour of the children of the more affluent families,
and that the nutritional picture which is obtained may be a
somewhat optimistic one. The only way that this bias in a
sample could have been corrected would have been to sample
both the non-school-going and the school-going children in the
older age groups. This was not practicable at the time and
although the bias in favour of the more well to do families
will clearly affect the representational value of the data, it
is not likely to have any marked effect on the interrelation-
ship between the variables with which the present study is

concerned.

2.4.3 Response to sampling

It can be seen from Table III that the response for all
the racial groups was exceptionally good. It varied for the
White children from 66% in 1962 to 84% in 1965 (both sexes).
The response for the Bantu and Asiatic surveys lay between
these two values, whilst the response to the Coloured survey
(86%) exceeded that of the 1965 White survey. 1In view of the

S JuTsdnns
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considerable demands made on both parent and child, these fi-
gures are surprisingly good and the representational value of
the surveys should be little affected by the non-response. It
should be noted that the figures for non-response vary some-
what from those published by Fellingham (1966). 1In the present
study only those children have been included for whom a com-
plete set of data in respect of qll variables to be considered,
was available. 1In the 1966 report a few children were included
who did not respond in respect of the dietary and socio-
economic surveys, the results of which were not available at
that time. Also, the 6-year old children have been omitted
from the present study.

The above comments on the efficiency of the sampling pro-
cedure are applicable to an independent consideration of each
survey. When, however, we consider the data for all racial
groups in Pretoria in the age groups 7-15 years, the time lapse
between the surveys should be taken into account. Also, when
comparing the two White surveys, it should be remembered that
the 12-15 year olds that were surveyed, were actually the same
population as that surveyed three years previously. Whilst
these aspects may well affect a comparison in respect of a cer-
tain parameter or set of parameters between the various racial
groups oOr even between the younger and older White children,
it is, however, unlikely that they will have any serious effect
on the interrelationship between the variables with which the

present study is concerned.

2.5 Nature of recorded wvariables

The variables available for the present investigation
were recorded on 1898 children in the four racial groups. In
all,154 variables were recorded. A complete listing of these
variables showing the coding schedules and key to the coding,
comprises 34 pages and is available on request. Of the vari-
ables, 23 were not recorded for at least one of the four ra-
cial groups and could, therefore, not be used in the present

analysis. The remaining 131 variables were observed for each
16/..,.'..
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of 1898 children. Of these 8 give general information such as
race, age, sex and school. There were 15 dietary variables,

30 socio-economic variables, 11 somatometric variables, 22 bio-
chemical variables, 9 haematological variables, 28 clinical
characteristics and 8 clinical syndromes which constitute a

summary of the clinical characteristics.

The bulk of the socio~economic variables were classifica-
tory in nature and not relevant to the present investigation.
From those socio-economic variables relating to family size,
income, and expenditure an index of socio-economic status
(rate/head/day) was calculated and has been used in the pre-
sent analyses.

The clinical variables were mainly classificatory in na-
ture. The treatment of such variables presents special pro-
blems outside the scope of the present report. They have,
therefore, not been dealt with. All the relevant variables
in the remaining disciplines have been studied. A complete
list of all the variables upon which the report is based show-

ing the units in which they were measured, is given in Table V.

At the present time the basic statistical analyses applied
to the data have been completed and the results have been indi-
vidually reported for each discipline in the following publica-
tions: Van der Merwe et al. (1965); Smit (1965); Du Plessis et
al. (1965a & b); Lubbe, and Pretorius (1965); Oudkerk (1965);
Potgieter (1965); Du Plessis et al. (1966a, b & c); Smit et al.
1967a & b); Potgieter and Fellingham (1967); Du Plessis (1967);
Du Plessis et al. (1967a & b); Neser (1968a & b); Lubbe (1968);
Stead (1968); Smit (1968) and Louw et al. (1969).

At the interdisciplinary level, a stepwise regression ana-
lysis has been done on the relationship between the intake of
the various nutrients and certain biochemical variables (see
Fellingham, (1969); Louw et al. (1969)). Apart from these ana-

lyses, nothing in the nature of a multidisciplinary study has,

17 /tocooo.o
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TABLE V_ : LIST OF VARIABLES DEALT WITH IN THE ANALYSIS, ACCORDING TO DISCIPLINE

IDENTIFICATION a . BIOCHEMICAL
1. (1) Race 3. (1) Cholesterol (ng per 100ml serum)
2. (2) Age (years) ‘ 32, (2) Phospholipids (mg per 100ml serum)
3. (3) sex 35 (3) Chollgsterol/Phospholipids (ratio)
DIETARY 34. (4) Alkaline phosphatase (King-Armstrong units/100ml serum)
4. (1) Animal protein (e) 35. (5) 1Inorganic phosphorus.
5. (2) Vigetable protein (g) . 36. (6) Amylase (SOMOGYI units per 100ml serum)
6. (3) Mixed protein (g) 37. (7) ~ Urinary amylase/creatinine
7. (4) cCalories (kilocal) 38, (8) Vitamin A (micrograms per 100ml serum)
8. (5) Protein (g) . 39. (9) Carotene (micrograms per 100ml serum)
9. (6) Fat (g) 40. (10) Thiamine (urinary micrograms per gram creatinine)
10. (7) Carbohydrate (g) 41. (11) 2-Pyridone (urinary N'-methyl-2-pyridone-5-

carboxylamide, mg per gram creatinine).
11, (8) Calcium (mg)
42. (12) N'-Me -(urinary N'-methyl nicotinamide, mg

12. (9) Phosphorus (ng) per gram creatinine) .
13. (10) 1Iron (mg) : 43, ‘(13) Urinary pyridone/H'-Me
14, (11) Vitemin A (I.U.) . 44. (14) Total protein (grams per 100ml serum)
15.< (12) Thi;m'ine (mg) 45, (15) Albumin (grams per 100ml sen'un)
16, (13) Riboflavin (mg) 46. {16) Globulin (grams per 100ml serum)
17. (14) Wicotinic acid (ug) 47. (17) ‘a-globulin {grams per 100ml serum)
18. (15) Vitamin € (mg) 48. (18) p-globulin (grams per 100ml serum)
S0CI0-ECONOMIC 49. (19) 7Y-globulin (grams per 100ml serun)
19. (1) Rate/hesd/day. (R/D/H) 50. (20) Albumin/Total protein (%)
SOMATOMETRIC 51, (21) v-globulin/Total protein (%)
20. (1) weight (ke) 52. (22) Riboflavin (urinary, micrograms per gram crestinine)
21,  (2) Height (cm) ‘ HAEMATOLOGICAL
22. (3) Cristal hetgnt (cm) 53. (1) Haemoglobin (gk)
23. (4) Intercristal width (cm) 54, (2) Sedimentation rate (mm/hr)
24, (5) Biacromial width (cm) 55. (3) ~ Haematocrit (%)
25.  (6) Ulnar length (ca) } 56, (4) M.C.H.C. (%)
26, (7) Upper arm circumference, arm bent (cm) ';57. (5) White cells x 107%
27. (8) Calf circumference (em) 2 (6)  Diff. count: Neu.trophils %)
28, (9) fTrieeps skinfold thickness (mm) 59. (1) Monocytes (%)
29. (10)  Subscapular ekinfold thickness (mm) €. (e) Lynphocytes (%)
61, (9) Koeinophile (%)

30. (11)  Para~umbilical skinfold thickness (mm)

L & AN
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as yet, been carried out. Little, if any progress has been
made in selecting, on a multidisciplinery basis, a subset of
those variables by which nutrition status can best be defined
and observed.

2.6 The analytical problem

We have then, a certain complex characteristic called
nutrition status, measured in terms of 61 measurements, repre-
senting no less than six different disciplines. We wish, in a
multidisciplinary sense to select a small subset of the vari-
ables by which nutrition status can best be defined and as-
sessed. There are two bases upon which variables can be eli-

minated:

(i) Certain variables bear little or no relationship to
nutrition status and may be regarded as "noise"

variables.

(ii) Certain variables are very much affected by nutri-
tion status but are so highly related one to the
other that the measurement of all is an unnecessary

extravagance.

The problem presents both logical and statistical diffi-
culties. Firstly, we have no outside criteria apart from our
measurements to tell us which child has a satisfactory nutri-
tion status and which does not. Had we such an external cri-
teria the problem would have been reduced to a straightforward
—_—
statistical exercise. We are, in'fact, requiring from a set of
observed variables, that the variables themselves tell us which
are important and which are not. Secondly, we must note that
any selection of variables based purely on an analysis of the
variables of each discipline individually, is likely to differ
from a selection based on an analysis carried out simultaneous-
ly over all disciplines. This is important, for it would ap-—-
pear that the bulk of criteria for the assessment of nutrition
status put forward to date, have been chosen on a unidiscipli-
nary rather than a multidisciplinary basis.

NEF ke i
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Although no outside criteria of nutrition status is avail-
able, there are certain characteristics, germane to the popula-
tions from which the survey samples were drawn, or to the vari-
ables themselves, which may be useful. For example, four dif-
ferent population groups have been measured which are known to
differ widely in terms of socio-economic status and hence pro-
bably also in terms of nutrition status. A dichotomy of the
- variables can be made into those related to cause, ("causal"
variables) and those which described a consequence ("conse-

quential" variables) as follows:-

CAUSAL VARIABLES CONSEQUENTIAIL VARIABLES

Socio-economic Somatometric

Dietary Biochemical
Haematological
Clinical

The two sets of variables on the left are the only ones
which can bring about or maintain any particular nutrition
state. Those on the right serve only to describe some or
other effect. It should, furthermore, be born in mind that
the variables have been measured on children whose ages range
from 7-15 years. This was fundamental to the purpose of the
survey as many of the parameters measured change with age.

It does, however, also present a potential pitfall, since two
variables may be highly correlated, not because of any rela-
tionship between them, but simply because they are both de-
pendent upon the age of the child. For a truly optimum selec-
tion of the "best" variables it is clear that the cost of
measuring the variables should also be considered. It would
clearly bé more advantageous to measure six variables if these
could be observed cheaply, than to measure two variables if
the measurement proved to be extremely expensive, even if the
two provided the same information as the six. It will be
clear that the cost is closely related to the discipline.
The variables associated with some disciplines, e.g. the soma-
tometric variables ,can be readily observed at insignificant
20
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cost. The assessment of nutrient intake, on the other hand,

is extremely laborious and costly.

In the first instance an analysis of the data will be
directed solely at the information content of the variables,
irrespective of the cost of making the observation. After a
choice of variables has been made on this basis, the cost as-

pect will be discussed.

It can readily be seen that of the existing multivariate
statistical techniques no single one is ideally suited to the
problem; For this reason a brief review will be given of
available multivariate statistical techniques, with the empha-

sis on the logical concepts underlying their application.

Chaptar /.44



CHAPTER 3

REVIEW OF APPLICABLE MULTIVARIATE STATISTICAL TECHNIQUES

3.1 Techniques for studying the interrelationship between

two sets of wvariables

Suppose we have observed the variables Yyr Yor - yp,
Xpr oo X where Yq to yp can be identified as response vari-
ables and X to x as predictor variables. If the set of re-
sponse variables contains only one member y (the so-called
dependent variable), we have the well known problem of multi-
ple regression analysis. If that subset of the predictor
variables is required, which best predicts the response vari-
able, the problem is one of stepwise regression analysis.
(Efroymsen, 1960). A measure of association between the re-
sponse variable and the predictor variables is given by the

multiple correlation coefficient.

In the general case, where both sets of variables have
more than one member, several correlations have been defined
as measures of the relationship betWeen the two sets. The
best known of these is the canonical correlation coefficient,
but a number of others have also been proposed. The general-
ised multiple correlation matrix (Khatri 1964) has the remark-
able property that nearly all other correlation coefficients

follow as special cases (Troskie 1969).

3.2 Techniques for discriminating between two or more groups

In this situation the variables are observed on two or
more groups of e.g. people. Suppose we have k groups of in-

o e nk and on each individual we measure

l, X2, e o
of the variables can be derived which maximise the wvariance

dividuals n n

l’
p variables x xp. Linear discriminanant functions
between the groups as compared to variance within the groups.
These functions provide a rule for allocating a new individual
to one of the k groups (Kendall and Stuart, 1966). If it is

known that certain of the variables measured are likely to be
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redundant and it is required to select the best subset for
the purpose of allocation, this can be done by means of a
stepwise discriminant analysis (Efroymsen, 1960). In such
an analysis, the variables are added, one by one to the dis-
criminant functions in order of their contribution to the

discrimination between the groups.

3.3 Techniques for studying the interrelationships amongst

a set of variables

The techniques of principal component analysis and fac-
tor analysis belong to this group. The former technigque was
put forward by Pearson (1901) and Hotelling (1933), and has
subsequently been dealt with in depth by a number of writers,
see e.g. Anderson (1958); Seal (1964) and Kendall (1966).

The latter technique stems from the work of Spearman (1904,
1926), and a variety of different approaches have been devel-
oped, see Harman (1967). The two technigues are closely re-
lated but have somewhat different aims. A principal compo-
nent analysis is conceptually the more simple, since it is
merely a 'breaking down' of a co-variance or correlation matrix
into a set of orthogonal components or axis, equal in number

to the number of variables concerned. These correspond to the
latent roots and accompanying latent vectors of the matrix.

Suppose we have p variables x xp measured on n indi-

g Bayp wes
viduals. A principal componeit aialysis attempts to combine
these p variables into a smaller number of new variables

which will provide almost all the information about the way

in which one individual differs from another. A drawback of
the technique, is that all measurements should be measured in
the same units. If this is not the case, the original measure-

ments are sometimes expressed in standard units.

In general terms then, the problem is to define
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Yy is chosen in such a way that it has the biggest possi-
ble variance, thereby representing, better than any other
linear combination of the x's, the general difference between

the individuals upon whom the observations have been made.

Y, is chosen so as to be uncorrelated with y, and have
the next largest variance, and so on.

In matrix notation the equation (1) may be written:

Y = A'X
where: X = (xl, Xor wes xp)
Y = (yl, y2, «oa yp)
A = a,. 1i-= 1y wur> Pt S 1 2vs P

In order to illustrate the relationship with factor ana-
lysis, this could be re-written as:

X = BY
where:

B = (a') 1

In factor analysis a definite model is assumed for the
way in which the variables x; (i =1, ... p) are influenced
by certain underlying factors. It is assumed that each in-
dividual has a certain value for these factors fl’ f2, f3,...
fk (k < p) which are correlated but cannot be measured di-
rectly. The variables Xy which can be measured, are assumed

to represent a linear function of the factors.
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The quantities b11 are constants known as the factor
loadings which indicate to what extent the observed varia-
bles x, are affected by the various factors. The €y (i =
l, 2, ...p) are residual sources of variation which only
affect the observed variables X, . They are supposed to be
independent of one another, and also of the fr € = Lo2y w20 1K),
There are various methods for factor analysis which investi-
gate how many factors should be assumed, and estimate the

factor loadings bij' (Lawley & Maxwell, 1963).

As a technique, factor analysis is conceptually far more
involved than principal component analysis. Although it has
been practised in one form or another for about 50 years, it
still tends to generate mixed feelings in professional sta-
tisticians. On the one hand, protagonists of the technique
have made far reaching claims as to its power. According to
Warburton (1962): "A factor analysis takes into account all
the relationships between all the variables .... its basic
purpose is to increase logical clarity and cogency by using
a few independent terms". The antagonists, on the other hand,
have doomed factor analysis almost indiscriminantly. Accor-
ding to Ehrenberg (1962): "Factor analysié is technically
underdeveloped and at times appears almost cretinous. Its
practitioners geem to be largely unaware of the technical and
methodological problems which they have let themselves in for.
The techniques are confused, interpretive guidance is lacking

and there is little one can do with the numerical results".

The reader will have an opportunity to judge whether the
present study has been able to centribute any light on the
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value of factor analysis.

3.4 " Techniques for dealing with data when it is not known

whether they belong to category 2 or 3 above

The technique of cluster analysis has been derived for
dealing with situations when categories are not clearly de-
fined but are only suspected to exist. It represents an at-
tempt e.g. to cluster subjects into groups, so that in terms
of the observed variables, the differences in subjects be-
tween groups will be much larger than the differences within
groups. Distinct clusters may then correspond with distinct
biological categories. Suppose we have p variables Xq
.+ X_measured on each of n subjects. The problem may be
represented geometrically as n points plotted in a p dimen-
sional (variable) space. A cluster would then be a swarm of

points.

In order to perform such an analysis, a measure of the
similarity between any two subjects in respect of the set of
variables is first required. A number of such measures have
been suggested and the best one to choose will frequently de-

pend on the circumstances.

A second form of cluster analysis, is one which aims at
clustering not subjects, but variables. That is, bringing to-
gether variables which measure the same sort of characteristic.
Geometrically this could be represented as p points in an n
dimensional (subject) space, (the variables having been stan-
dardised). A distance measure between variables is now re-
guired and measures based on the correlation coefficient
are popular. This form of cluster analysis is some-
what similar to a principal component or factor analysis, but
is free of the stringent underlying assumptions of factor ana-
lysis. Ball (1965), gives a detailed review and an exten-
sive bibliography, but fails to indicate clearly for which of

the two types of clustering a particular technique is suited.
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Computer programs have been written which automatically
form clusters. In general, however, the technique is still
in a rather experimental stage and tends to be impracticable
where a large number of variables have been observed on a

large number cf persons.

3.5 Linear scoring systems

These represent an attempt to combine the p-variables

X xp into a single score and thereby reduce a multivari-

1 e » @
ate problem to a univariate one. Thus p measurements for
each subject could be replaced by the single measurement g,

where:

g=1 Xy + ... + 1p xp (3)

If the subjects belong to different groups which have to
be compared, the coefficients 11 . 1p are usually chosen so
as to maximise the variance between the groups as compared to
that within the groups. In the case of two groups the linear
score found in this way is the linear discriminant function

mentioned in Chapter 3.2.

A similar application of linear scores can be made when
information is available on an ordinal scale. Suppose that
subjects can be ranked in respect of some attribute on a p-
point scale from 1 to p, and that k different treatment groups
have been assessed in this way. It is often convenient to re-
place the p-point scale by a continuous variable taking values
ll’ l2 Ay BREE
xp, chosen so that if a subject is graded 3, he will be given

1 . First consider a set of dummy variables x

the dummy measurements:

In (3) above ll e
squares between treatments, compared to the sum of squares

1p are chosen to maximise the sum of
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within treatments. The variable g takes a value of ll foe

for grade 2 and so on. Thus,

e l2

grade 1 on the p-point scale, l2
the p-points of the scale are replaced by p scores 1

lp which maximise the treatments comparison.
Such linear scoring systems are examples of the general
technique called canonical analysis (see Seal, 1964, Chapter

7).

3.6 Limitations of existing technigques

The above forms a cursory survey of available multivari-
ate statistical techniques. 1In view of the stated burpose of
the present report, viz. to select the most meaningful subset
of variables for defining and describing nutrition status, it
will readily be seen that no clear cut application exists for
any of the above techniques. We have no criteria outside the
data set itself of what nutrition status really is. Thus, the
techniques of discrimination or multiple regression analysis

are not immediately applicable.

No doubt the dimension of the problem could be reduced by
the application of a principal component analysis, and a new
and smaller set of hypothetical variables formulated which best
described the difference between the children on whom the ob-
servations have been made. The number of original measurements
which must be observed could, however, only be effectively redu-

ced if:

(i) the first few principal components explained most

of the variance (as reflected by the eigen value).

(ii) high loadings (as reflected by the eigen vectors)
"were found on only one or two variables for each of
the first few components and low loadings on all the
others - a situation unlike to arise for biological

variables which are highly interrelated.

M8/ e »5 b vm
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The technique of factor analysis, although conceptually
different from principal component analysis, is mathematically
similar. A similar computational procedure can be followed
except that the 1's in the diagonal of the correlation mafrix
are replaced by so-called communalities (the squared multiple
correlation coefficients of each variable in respect of the
Yest). A 'rotation' of the factor matrix is then carried out
in an attempt to achieve one or two high loadings for each
factor with the remaining loadings of that factor as near to
zero as possible. This technique may hold some promise as it
should enable one to group the yariables into categories and
select the most important variable or variables in each cate-
gory for measuring a specific attribute. In the context of
assessing nutrition status, however, it may be extremely dif-
ficult to postulate in advance certain underlying factors, the

existence of which are basic to the analysis.

In general, a cluster analysis would seem promising, as
this should be able to form clusters of subjects (in the vari-
able space) or variables (in the subject space) under condi-
tions where these are only suspected to exist. Thus, for ex-
ample, those variables could be grouped together which measure
a specific aspect of nutrition status. 1In practice, however,
as has been stated, such techniques are at present rather ex-
perimental. The application of a cluster analysis technique
on some 60 variables measured on 1898 persons, would prove a
major undertaking even for the high speed digital computers

available today.

Whilst linear scoring systems might assist one in repre-
senting a large number of variables by a single variable, the
original variables, as in the case of a principal component
analysis, would still have to be measured before this new

variable could be calculated.
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3.7 Outline of the analytic approach

In the light of the above, it must be clear that no single
statistical analysis is likely to yield a clear cut and final
answer to our problem. Since the variables we are studying be-
long to many and varied disciplines, it is reasonable that the
first step in the analysis should be to take a close look at
the variables of each discipline separately. Armed with a
better understanding of these variables, and having obtained
some indication as to which ones are important within the con-
text of each respective discipline, we will then proceed to
study the interrelationships of the variables across the va-
rious disciplines. Finally, we will proceed with an analysis

simultaneously involving all the relevant variables.

Lacking any external information, it is clear that the
variables within a particular discipline cannot, in themselves,
tell us anything about nutrition status. It seems reasonable,
therefore, to determine those variables which best describe
the way in which one individual differs from another. For

this purpose a principal component analysis is indicated.

It could be argqued that certain, at least, of the disci-
plines, have already been individually reported on in some de-
tail. This is particularly true of the somatometric variables
and the biochemical variables which have already been the sub-
ject of a number of publications (see Chapter 2.6).

These reports have, however, mainly been concerned with
describing the results obtained on each age-, sex-, and racial
group, for each variable, and in interpreting these results
against accepted biological criteria. They reflect a biologi-
cal rather than a statistical viewpoint and did not employ any

coherent and uniform statistical procedure.

S e b M a &
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It is intended in the present report to see what informa-
tion can be derived from the data by objective statistical
tfeatment. Having derived certain results, note will than be
taken of the extent to which these results compare with cur-

rent biological knowledge of the subject.

Chapte: A/veowsns



CHAPTER 4

THE INFORMATION CHARACTERISTICS AND PRINCIPAI. COMPO-

NENTS OF THE VARIABLES IN EACH DISCIPLINE

«

The technique of principal component analysis which we
have selected, has a basic limitation: The results are only
meaningful if the different variables to which it is applied
are all measured on the same scale. In an attempt to circum-
vent this problem we have applied the analyses to standardised
data (each observation being reduced by its mean and divided
by its standard deviation). This is a meaningful way of deal-
ing with the problem but not altogether satisfactory. See
Seal (1964).

A principal component analysis was applied separately to
each of the four racial groups in respect of the following
disciplines: Somatometry, biochemistry, haematology and
dietary. The rate/head/day, representing the socio-economic
variables will be dealt with later.

The analyses were applied separately to each racial group
in order to see whether any particular pattern emerged which

was common to the various racial groups.

4,1 Principal component analysis of the somatometric measure-

ments for each of the four racial groups

It will be noted that all the somatometric measurements
with the exception of weight have a linear dimension. Since
the weight of a person is approximately proportionate to his
volume, it is reasonable to suppose that the relationship be-
tween a linear body dimension, such as height, and weight
would be approximately cubic. It has, in fact, been shown
that the relationship between weight (W) and height (H) is of
the form W = CH® where C is a constant. o is less than 3 and
tends to vary somewhat with age. Defrise-Gussenhoven (1954,
p-49), in a study of Belgium school children, found values for

o varying from 2,00 for boys aged 6-8 years to 2,84 for boys
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aged 9,75 to 15 years. We chose a value for o of 2,67 as
being appropriate to the age range with which we were concer-
ned in our analysis. We did, however, experiment with other
values of o in the range 1 < a < 2,67 and found that the re-
sults of the principal component analysis were relatively
little affected by the value of a.

The results of the principal component analysis on the
somatometric variables is shown in Table VI. In order to keep
the table down to a reasonable size, only those variables and
associated eigen vectors have been tabulated where the eigen
vector was reasonably large forlat least one of the racial
groups. The eigen vector can be interpreted as the coefficient
of correlation of the original variable with the relevant prin-
cipal component (Rees, 1969). The rank of the eigen vector

within the component is also shown.

The separation into the three components is remarkably
similar for the four racial groups. 1In each case weight was
the most important variable in the first component as indica-
ted by the modulus of the eigen vector, followed by calf cir-
cumference. Upper arm circumference, intercristal width and
height, formed the next triplet for Whites and Bantu and fell
amongst the first 7 variables for Coloureds and the first 6

for Asiatics.

We now consider whether the first principal component has
biological significance. Weight is clearly an. indication of
general body size as also are both height and intercristal
width, the one being a vertical and the other a horizontal
skeletal measurement (Seae Fig. 1l). Calf circumference and
upper arm circumference appear to be out of place in the first
component, since these two measurements have frequently been
put forward as indicative of musculature or soft body tissue.
smit (1968) has, however, pointed out that these measurements

are also increased by a large cross-sectional bone area or a
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large émount bf'subcutaneous_body fat. Thus it is clear that
a strong relationship would also exist between general body
size and both upper arm circumference and calf circumference,
‘quite apart from the extent to which these measurements vary
with a large or small amount of soft body tissue. It seems
reasonable then to consider the first component as represent-

ing general body size.

It is interesting to note that for the first component the
eiQen_vectors all have positive signs for the Bantu and Asia-
tic‘groups, but negative signs for the White and Coloured
groups. In the case of the Bantu and Asiatics, the first prin-
cipal component would increase as the variables ihdicative of
general body size, increased. In the case of the Whites and
Coloureds, however, it would decrease. The first component is
reSponsibleIfor approximately 74 percent of the variation in

the variables.

On looking at the second principal component (Table VI)
we—see'that; for the White, Bantu and Coloured racial groups,
the skinfold'thickﬁess of the triceps has the highest eigen
vector followed by the para-umbilical and subscapular skinfolé
thicknesses, in that order. In the case of the Asiatics, the
SubScapularskinfold-thicknesS'has a slightly higher eigeh vec-
tor than.that'of the para-umbilicus. The eigen vectors are
positiVevfdr the White, Bantu and Coloured groups, but nega-
tive for-the Asiatics. They do not differ greatly for each
variable (0,4785 -~ 0,5337 for Whites). Since the three skin-
fold thicknesses are widely acknowledged as being indicative
of body fat (see e.g. Chinn and Allen, 1960; Durnin and Rama-
han, 1967), we conclude that the second component represents
body fat‘and is responsible for some 16 percent of the varia-

tion in the variables.

36'/-.--¢..



36.

In the case of the third principal component, we note
that for each racial group the upper arm circumference (bent)
and calf circumference have been selected. Both these vari-
ables, as we have seen, relate to soft body tissue and it
seems reasonable to presume that this is the characteristic
of the third component. The presence of the para-umbilical =
skinfold thickness with a fairly high eigen vector, particu-
larly in the case of the Coloureds, may suggest that this |
jvariable tends.to increase with soft body tissue, and is,
therefore, a less precise measure of body fat than the other
two skinfold thicknesses. The third'principal component is
responsible for some 3 percent of the total variation, in the

variables.

In view of-the fact that the variables observed in the
White racial group were obtained in two separate studies, the
principal component analysis on the White group was repeated
separately for the 7-11 year age group. The results were,
however, consistent with those presented above and will not
be repeated here. Thus the fact that the White children were
surveyed at two separate times does not appear to have affeet—

ed the present analysis.

It would appear that the observation of certain of the
measurements listed in each of the first three components
(above), should give a comprehensive descriptien of the soma-
-~ totype of an individual. While the"best" variables to mea-
sure to estimate a component are those with the largest load-
ing for that component, the size of the loadings on each vari-
able for a particular component do not vary greatly. The
choice of which variables should be measured within a compo-
nent coﬁld, therefore, to some extent be guided by conveni-

ence.

It should be noted at this stage, that the selection of
"best" variables, based on the above, is not necessarily op-,

timum for the assessment of nutrition status, but in fact,
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represents' that subse£ of variables which can give most. in-
formation about the way in which one individual dfffers from
aﬁother.~ It is remarkable that the components are so similar
for the four racial groups, particularly as the intradisci-
plinary analyses have shown considerable variation in respect
of nutrition status (Du Pléssis; 1967 p.126). It would ap-
pear that the most useful purpose served by the principal com-
ponent_analysis, is to identify those variables which contain
the best information regarding a certain characteristic. We
have, furthermore, not_yét locked at theAsomatometric‘varia—
bles within the context of the other disciplines. This will
be done in Chapters 5-7.

It is instructive to note in passing, that the somato-
metric_variables yield readily to intuitive interpretation.
_The results which we have_obtained by an independent statis-
tical analysis, and which are consistent for four widely dif-
ferent racial groups, are compatible with current biological

knowledge.

4.2 Principal component analysis of the biochemical varia-

bles for each of the four racial groups

Iﬁ contrast tb the somatometrinvariables, the bioche-
mical variables do not readily:lend themselves to an intui-
tive interpretatiorni. The results of the.principal component
anaIySis on these variables are shown in Table VII. Four
‘components have been listed, représenting in total some 50
percent of the variance. After the fourth component, the
other compohents tended to COnsist of a repetition of those

variables already listed.

A mere 22 percent (for Whites) of the total variation
is explained by the first éomponent, as compared to 74 per-
cent in the case of the somatometric variables. The results
for thé four racialvgroups are similar although not identi-

cal for the first component. The degree of similarity seems

38/



TABLE

38.

* . . . N
The value in round brackets () is the proportion and that in square brackets [ ]the cumulative

the total variance explained by the component.

39/

. *
Vil PRINCIPAL COMPONENT ANALYSIS OF THE BIOCHEMICAL VARTABLES
COMPONENT White Bantu .Coloured Agiatic
Protein N s gs . Eigen Eigen Eigen Eigen
atatus Characteristic Name Vector Rank Vector Rank Veotor Rank Vector Rank
1. ?izgiizizuieifzziig Total globulin | 0,4085 | 2 | 0,4812 1 | 0,4580 1 | 0,4648 1
rotein status snd o | A1b-/Total Prot.[-0,4143 | -1 [-0,4541 2 [-0,4365 2 |-0,4288 3
P vatus & y-Globulin 0,3112 3 | 0,4172 3 | 0,42221 3 | 0,484 2
exposure to antibody —Globulin/Total' !
producing infections | ¥ protein 0,2978 4 0,3890 4 0,4073 4 0,4140 4
“(0,22) (0,18) (0,20) (0,20)
2. Circulating_sgrum Cholesterol -0,5226 1 {-0,5022 1 {-0,5273 1 {-0,4862 1
body fats and fat so-| Phospholipids -0,4869 2 -0,3956 4 ~-0,4149 2 -0,4036 2
luble vitaming Carotene ~0,3595 3 {~0,4207. 2 {~0,3269 4 1-0,2888 5
Vitami; A -0,1461 7 -0,3980 3 -0,2732 6 }-0,1641 10
Choles/Phos~ . - . ’
pholipids -0,3153 5 1=0,2547 5 {-0,3472 3 1-0,2257 8
(0,12) (0,11) (0,13) {0,11)
[0,34] [0,29] b,33] fo,31]
3. Nicotinic acid meta- | Urinary amylase (-0,3%775 1 0,1686 9 0,0795 16 }1-0,1670 11
‘bolites and protein y-globulin ~-0,3334 2 0,1523 15 {-0,0540 18 0,0344 15
fractions 2-Pyridone ~0,2564 7 |-0,4257 1 }-0,5812 1 ~0,491 1
Pyridone/N'—Me -0,0640 20 ~0,3988 4 -0,3189 ¥ -0,3084 4
Total Protein  {-0,2565 6 0,4112 2 -0,0700 17 0,2065 10
Albumin -0,1261 15 0,4068‘ 3 -0,1022 14 0,2928 5
N'~Me -0,2052 11 0,0563% 19 -0,3987 2 -0,3%659 ) 2
(0,10). (0,10) (0,09) (0,09)
[0,44] [0,39] [0,42] [0,40]
4. Water soluble vita- 2-Pyridone 0,5153 1 1}-0,2589 5 -0,1152 14 0,0275 20
mins. N'-Me/Creat. 0,3494 3 10,5399 1 |0,3135 4 |-0,1043 | 16
Urinary emylase |-0,1815 10 [-0,3774 2 0,4866 1 |-0,3688 2
Urinary ribofla=| o os41 | 5 |0,3062 | 3 |o3268 | 3 |o,047 | 22
Serum amylase I-0,2567 6 |-0,3021 4 0,2159 8 |-0,1757 11
Pyridone/N'—Me 0,3063 4 0,1257 10 -0,4412 2 ' 0,1404 13
Carotene - 0,0990 13 |-0,0743 18 [-0,2425 6 0,3938 1
. B~Globulin -0,0179 19 -0,0987 15 0,1193 12 -0,3562 3
Albumin - 1~0,3775 2 0,0957 16 0,0953 " 13 I-0,2002 lO_
(0,09} | (0,08) (0,07) (0,02)
[0,53] [0,47] [0,49] (0,4

proportion of
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to decrease progressively from the first to the fourth compo-
nent. The results, do nevertheless, show a pattern which can

be explained biologically:

The serum protein can be divided into albumin and total
globulin.. The globulin can further be subdivided in a, B and
Y-globulin fractions. The first component appears to repre-
sént the concentration of blood serum protein fractions. The
three‘more'important variables are total globulin, the albumin/
total protein ratio and vy-globulin. Albumin is generally
acoeptedlas the best biochemical indicator of protein status..
The y?globulin level is related to the effect of continued an-
tigen stimulation on antibody production, and hence would re-

flect the degree of exposure to infection (Lubran, 1966).

‘The second component, explains some 12 percent of the
total variation. It contains cholesterol and phospholipids,
which are fats. The absorption of vitamin A is dependent ©on
the presehoe of fat, and carotene is the precursor of vitamin
A, It would thus appear that this component represents the

concentration of fat and fat soluble vitaming in the blood.

The third component explains some 9 percent of the totai
variation. The more important variables viz. 2-Pyridone,
N!-Me, Pyridone/N'-Me ratio are all nicotinic acid metabolites
and represent different ways in which nicotinic acid status
can be measured. Since 2-pyridone has the largest eigen vec-
tor for each of the three non-White groups,‘it would appear to
be the best indicator of nicotinic acid status in these
groups. The other variables in the third component mostly
represent the protein fractions which characterised the firsi

component.

The fourth component explains some 8 percent of the total
Variation. It appears mostly to represent the water soluble

vitamin complexes.
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4.3 Principal component analysis of the haematological measure-

ments for each of the four racial groups.

The results have been summarised in Table VIII,

Once.again in the case of the haematological variables, the
proportion of total variation explained by each component is
low, but reasonably consistent across the four racial groups.
We can see that the first component explains some 25 to 27
percent of the total variation, the second some 17 to 23 per-

cent and the third some 12 to 16 percent.

There is an interesting interchange between the first and
“second components in the four racial groups. For the Whites
and Asiatieé, haemoglobin and haematocrit have the highest
eigen vectors in the first principal component and both eigen
~vectors have the same sign. for a particular racial group. '
Neutrophils and lymphocytes, have the highest eigen vectors
in the second principal component but have opposite signs.

In the case of the Bantu and the Coloured racial groups, how-
ever{fthe position is reversed: Neutrophils and lymphothes
have the highest eigen vectors in the first priﬁcipal compo-
nent with opposite signs whilst haemoglobin and haematocrit
have the highest eigen vectors in the second principal compo-
nent, but with similar sigﬁs. They are accompanied, in the

case of the Bantu group, by sedimentatioh rate.

The grouping of the haemoglobin and haematocrit together
in the first component (White and Asiatics) appears to have
biological significance. The haemoglobin, (the colouring
matter in the red blood corpuscle), is an iron-binding sub-
~stance, in&olved in the absorption of oxygen into the blood
stream. The'haematocrit represents the concentration of red
blood corpuscles expressed as a percentage of whole blood.
The first component would, therefore, represent the capacity
of the blood to absorb oxygenAor oxygen uptake. In the
second component (Whites and Asiatics) lymphocytes and neu-
trophils which are both fractions of the total white cell
oount,-héve'high eigen- vectors (but of opposite sign).
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The role of lymphocytes is to combat antibody-producing in-
fections, while neutrophils are involved in combatting any

- foreign bodies in the blood. This component would, therefore,
represent the body's ability'to fight infection, particularly
antibody-producing infection. The finding that for the Bantu
and Coloureds the variables related to combatting infection,
appear to take precedence over those related to oxygen uptake,
may indicate that in these populations, a greater heterogeneity
exists than in the case of the Whites and Asiatics in respect
of the extent to which infection is present. Thus, the Bantu
and. Coloured population groups may well be subjected to infec-
tién, particﬁlarly antibody-producing infection, to a greater

extent .than the Whites and Asiatics.

_ The third principal component isbresponsible for some 13
percent of the variation but there is little consistency across
the four racial groups, both monocytes which combat any
foreign bodies in the blood and eosinophils, which combat para-

sitic infections and allergies, have high eigen vectors for 3

- of the 4 groups (the Bantu being excepted). The total white

cell count is high for the Asiatics. The MCHC (mean corpus-
cular haemoglobin content) has high eigen vectors for all ra-
cial groups except the Asiatics. This variable is a function
Of the haematocrit and the haemoglobin and would, therefore,
also reflect the uptake of oxygen. The third component, there-
fore, seems to combine the aspects of fighting infections, -
pdrticularly parasitic infection and allergies with that of

oxygen uptake.

The fact that the eosinophil count does not have a high
loading for the Bantu implies that this race group does not
have a high degree of heterogeneity in respect of this vari-
:able. This suggests a uniform degree of parasitic infection

at any level. 1In the Bantu it is likely to be high.
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It would appear that the primary haematological charac-
teristics of the blood, viz. to absorb oxygen and to fight
infection, in which the red blood corpuscles and the white
cells, respectively figure prominently, have been described
by the first two components. These together represents some

47 percent of the variation.

4.4 Principal component analysis of the dietary measurements

for each of the four racial groups

It is clear that no valid basis for comparing dietary in-
take can be made in terms of actual food intake. It is first
necessary to know the nutrient content of all foods eateh and
then toAcalculate an estimate of the total daily intake of
the various nutrients such as fats, proteins, carbohydrates:
etc. Estimates of daily.nutrient_intake for each of 15 nu-
trients were made for each child surveyed. The nutrients
have been. listed in Table V (for the sake of convenience,
calories will be termed a nutrient). 1In the case of proteins,
some problem existed, particularly in respect of certain com-
posite dishes, in distinguishing between animal and vegetable
protein. Since this was not always possible it was sometimes
necessary to class the protein as "mixed" protein, hence the

separate category under this heading.

The results of the principal»coﬁponent analysis have been

summarised in Table IX.

In the case of the dietary measurements 46-52 percent of
the total variation is explained by the first principal compo-
nent; 9-14 percent by the second component and 8-10 percent
by the third. 1In the first principal component, protein ranks
either first or second for each of the four racial groups.
Phosphorus, likewise, ranks first to third and calories se-

" cond to fourth. Thiamine has a ranking of third for Whites
and fourth for Bantu and Coloureds but only sixth for Asia-

tics.
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The significance of the first principal component re-
gquires Careful consideration. One might, on first thoughts
have ekpected those variables to cluster together in a parti-
cular component which had the same biological characteristics,.
as in the case of the biochemical variables. ' After careful
consideration, however, we must realise that this is not like-
ly; the intake of specific nutrients is clearly determined by
the intake of the foodstuffs in which they are borne. Since,
in general, the type ofvfood eaten by the four racial groups
differed considerably, one Could‘expect that this would have
a marked effect on the pattern which emerged in the nutrient

intake.

In order to investigate this aspect; each food item eaten
by a racial group was classified into one of 6 food groups viz.
cereal group; meat and milk group ; vegetable gfoup; fruit
group ; fats and oils group and miscellaneous items. We then
assessed for each racial group, which particular food group -
was mainly responsible for supplying protein and phosphorus,
the two nutrients with the highest eigen vectors in the first
component. We found that for the Whites and Asiatics both
protein and phosphorus were derived primarily from the meat
and milk group. For Bantu and Coloureds, however, both these
nutrients were derived primarily from the cereal group. It

would thus appear that protein and phosphorus are grduped to-
‘gether in the first component, not because they are related in
terms 6f their biological characteristics, but because, for a
particular population, they are derived mainly from the same

food group.

It would then seem that the first component represents
the general‘iﬁtakebof protein containing and energy producing
foodstuffs. '

Our findings bear a remarkable resemblance to those of

Drion (1961, p.326) who carried out a study of the nutrients

consumed by a group of families in the Netherlands. Drion
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applied a principal component analysis, separately to various
- family sizes (varying from 2 to 7 and over). 1In his case the
analysis was applied, not to the nutrient intake, but to theA
‘nutrient intake expressed as a proportion of the recommended
daily allowance - a quantity which Drion called the "reduced
consumption”. This aspect is discussed later (Chapter 6.1).
In his analysis Drion found that the first principal component
had high eigen vectors (0,85 and higher) for total protein,
calories and thiamine, in that order. Ignoring phosphorus,
which was not assessed by Drion, we can note that we obtained
essentially the same result. This is indeed a remarkable.

similarity. Drion (p.329) interpreted his results as follows:

~"The factor loading of total protein is in general higher
than that of calories; this indicates a rather well-
balanced diet so far as the major nutrients are concerned.
The factor loading of thiamine is high; it 1s well known
that this vitamin isvneeded.for internal combustion, so.a
diet with a high caloric value needs a high thiamine con-
tent for completebhealth. The high factor loading shows
that in general, the Dutch diet contains enough thiamine

in relation to its caloric value".

If we accept his interpretation we can only add that his re-
marks were also found to be true for the White population
group. The fact that for the Asiatics protein-also has the
highest eigen Vecfor, whilst in the case of the Bantu and
Coloureds, protein had the second highest eigen vector, might
be an indication that the Whites and Asiatics satisfy their
protein requirements from the meat and milk group, whilst the
Bantu and Coloureds, who are less well off socio-economically
and cannot afford high protein foodstuffs, satisfy their appe;

tites from the cereal food g?oup.

The second,prinéipal component explains some 9-14 percent
of the total variation. There is less similarity across the
four racial groups. Animal protein ranks first, for both

~ Coloureds and Asiatics, whilst vegetable protein ranks first

A7 /e
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for Whites'and second for Asiatics. Calcium ranks third for
.the Bantu and third for Asiatics. It is interesting to note
that the signs of the eigen véctors for animal and vegetable
protein differ for each racial group. This may be explained
as follows: Assume a person eats protein-containing foods-
stuffs of animal or vegetable origin; until he is satisfied,
if he eats more animal protein he would tend to eat less |
vegetable protein, and vice versa. The second COmpdnent would
thus appear to represent a contrast between the meat and milk
food group (containing animal protein) and the cereal and
vegetable food groups (containing vegetable protein). For
Whites, Bantu and Asiatics, the second component would in-
crease as the proportion of animal to vegetable protein in

the diet increased, and décrease " as the proportion decreased.

The third principal component explains some 8-10 percent
of the total variation. Here mixed protein(occurring in com-.
posite dishes where animal and vegetable proteins were mixed
in unknown quantities) ranks first for Whites, Coloureds and
Asiatics, but fourth for Bantu. Animal protein ranks Second
for Coloureds and third for Bantu. It is interesting to note
that for the Whites, Coloufeds and Asiatics the eigen vector
for mixed proteins has the opposite sign to that for animal
and vegetable proteins. 'In the case of the Bantu it has the
same sign as animal protein but the opposité to that of vege-
table protein. It would then appear that the third component
could represent the proportion of protein derived from com-
postte protein dishes as compared to that derived from either

animal or vegetable protein.

For the fourth principal component, vitamin A ranks first
for Whites and Coloureds and second for Asiatics. Animal pro-
tein ranks second for Bantu and Coloureds, and vitamin C first
for Asiatics and second for Whites. The fourth component ex-
plains 6-8 percent of the variation (Table IX) but does not

seem to have any particular significance.
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It would then appear that the principal component ana-
lysis has provided information as to the type of foodstuffs
ingested and the relative intake of animal, vegetable or
mixed protein foodstuffs. The grouping of the nutrient in-
take'variaEles into cOmponents,lmakes sense in terms of the
fonstuffs from which they originate rather than in terms of
- their biological functioh in the human body. The bioclogical
"interrelationship 'of the nutrients can only be ascertained
once they have been absorbed into the blood stream, as has

been seen in the case of the biochemical variables.

4.5 Critical appraisal of the principal component analyses

In view of the considerable time that the technique of
principal component analysis has been around (Pearson, 1901),
there are remarkably few documented examples of the'applica—
£ion of this technique in the biologiéal sciences. The _
greater majority of these applications have been made in re--
spect of the measdrement of the morphological characteristics

of a wide range of living organisms,

Applications to‘taxonomic problems have been reviewed by
vJeffers (1963), who lists a number of papers in which the
authors aimed at identifying plant spéciés by their physical
characteristics. Cassie (1963) applied the téchnique to nu-
| merical plankton data. - Ouellette and Qadrie (1966) used it to
deécribe a pattern of growth in'the,dog—fish (Cristivomer

ﬁamaycush).

- Jolicoeur and Mosimann (1960) used a principai component
analysis to study size and shape variation in the painted
turtle, whilst Rees (1969) used the technique to study morpho-
logical variation of the mandible of the white-tailed deer
(ddocoileus_Ui;éi”ia”us). Drion, (1961) as already mentioned,
h%s used the technique to study the dietary components of nu-

trients ingested by families in the Netherlands.

1
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It is interesting to note that all except the last two
applications are related to the morphological characteristics
of organisms. Jollicoeur and Mosimann were able to identify
£wo sepafate_components, the one relating to. the size of the
painted turtle and the other to the shape. Rees was able to
show that the two major cbmponents‘of mandible shape variation
among White-tailed deer (within breeding groups) invoived a
contrast between the mandible.and the dentition and between
the'pre—molars and the molars. Size variation was found to
account for 34‘percent of the total variation and the two
‘major shape variations to account for 23 and 8 percent respec-
tively. _Ouelette and Qadrie, however, could only distinguish
the general size factor as described by the first component in

both male and female dog-fish.

The cbmponents which we have been able to.identify in the
. somatometric variables, appear to describe the physical charac-
teristics of the human body in a manner, similar to that in
which the physical characteristics of other living organisms,
be they plant, pianktcn, fish, turtles or deer, have been
describedkby princip31 component analyses. Our results, also
‘in fact, bear a_stréng resemblance to those obtainéd by Burt
and Banks (1947), who carried out a factor analysis on the
| body measurements of British adult males. They identified a
fitst factor of general body size which contributed over 50%
" of the total variation. A second factor, was noted to be bi-
polar COntributing about 13% of the total variation. This
classified traits intoﬁv v longitudinal and transverse or
circumferenfial. It would thus represent a lean versus a thick-
set body build. Since Burt and Banks did not measure the skin-
fold thicknessesy the factor relating to body fat was not
identified by them.

As can be seen abbve, our application of the principal
component analysis to the biochemical variables has yielded
less explicit, fhough we judge, still meaningful results. No
previous application of the techniqne to such biochemical ob-

sefvations,could,be traced.
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In the case of the haematological variables a similar
situation exists. The analysis appears to yield meaningful
though not clear cut results. The interchange between the
first and second components for the Bantu and Coloured groups
asvcompared to the White and Aéiatic groups is most interest~
ing. " As far as we know, this is the first time a principal

component analysis has been applied to haematological data.

The analysis carried out on the_dietary variables appeared
to chtribﬁﬁe some.information about the main food group from
WhiCh certain nutrients were derived. This sort of information
could, hdwever, be derived more directly and more readily'by

" other means.

In general, it would appear from the literature, that the
more frequent and more successful biological applications have
been in respect of morphological.characteristics descriptive
of size and shape. This is in agreement with our findings that
the principal compoﬁentvanalysis on the somatometric measure-

ments yielded more clear cut, and more readily interpretable
results than did those oh the other disciplines which we have
studied. |

The relevance of these results to the problem we are

studying, will become clear in the subsequent chapters. -

Chapter 5/.....;



CHAPTER 5

ANALYSIS OF CERTAIN DISCIPLINES USING INFORMATION
~ GERMANE TO THE POPULATIONS SURVEYED

Having come to some understanding of the information con-
tent of the variables associated with each discipline, we can
now proceed with the second phase of our analysis, viz. the
analysis of certein subsets of the data, using information
germane to the populations on which the variables were obser-
ved. Since the measurements were made on different racial
groups, these are likely to reflect certain inherent diffe-
rences. These will fifst be investigated for the somatome-

tric variables in respect of Whites and Bantu.

5.1 Investigation of racial differences in the somatometric

Variables for White and Bantu school children by means of a

discriminant analysis

The somatometric variables can be measured more readily
and cheaply than any other in the available data set. We have
seen from Chapter 4.1 that subsets of these variables can be
selected, descriptive of general body size, éoft body tissue,
and body fat. it would clearly be most useful if an index for
assessing nutrition status could be based on the somatometric
‘variables, but we must first establish how the characteristics:
which we have identified as components in the principal com-

ponent analysis, are related to nutrition status.

A'stepwise discriminant analeis was, therefore, applied
to the 11 somatometric variables, to establish firstly, to
what extent these could be used to distinguish between chil-
dren from the White and Bantu population groups. ‘The ratio-
nalé behind this analysis was as follows: ' There is no doubt
that the majority of the White children in the sample had a
much higher socio-economic status than the majority of the
Bantu children. It can be shown that at the low socio-
economic level of many Bantu, it is virtually impossible to
maintain an adequate 1evel of nutrition-(Watts, 1967). It is

thus to be expected that the Whites would, in the main, also

52/ ¢eiesns



52.

have a better nutrition status. The Coloured and Asiatic -
~groups have a socio-economic level between that of the Whites
and the Bantu. They were,ltherefore, omitted from the pre-
sent analysis in order to increase the chance of obtaining
discrete homogenous groups. One cannot) however, forthwith
assume that any differences which may be demonstrated between
White and Bantu, are definitely due tb a difference in nutri-
tion status. They could, for example, be caused by genetic

differences.

In the application of the stepwise discriminant analysis,
the age variable was deliberately omitted, although many of
the somatometric observations are clearly age dependent. The

reason for this will become clear later.

The following discriminant functions for Whites (X ) and

W
Bantu (XB) were found:
xW = =~ 414,219 —_12,108xl + 4,962x2 - 2,375x3
+ 5,637x4 + 3,677x5' - 0,560x6 + 12,588x7
| + 8,118x8 + O,O65x9 + 4,53lx10 - 0,274xll
. ' ‘ 1
X, = -399,342 - 12,076x  + 4,805x, - 2,261x, (1)
+ 4,469x4 +__3,39lx5 + 0,626x6 + 12,8_66x7
f 8,108x8 - 0,3_89x9 + 4,863xlo - 0,248xll
Where xi is the i-th somatometric variable (i =1, 2, ... ll)_

(The variables are identified by the '"within disciplines"
variable number (in brackets) in Table V, Chapter 3).

In order to assess in which group a particular subject
would fall, the subject's somatometric measurements (xi) are
substituted in each of the two equations (1) above. The sub-
" ject is then allocated to that group which yields the highest

value of X.
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If in equation (1) we take differences, term by term,

this would give:

et
I

14,877 - 0,032x; + 0,157x, = 0,114x

W-B , 1 3
+1,168x, + 0,286x, - 1,186x, = 0,278x, .,
+0,010x, + 0,454xy = 0,332x,, = 0,026x;,

X-B will be positive for those cases which should be allo-
cated to the White group and negative for those cases which

should be allocated to the Bantu group.

In a stepwise discriminant analysis, the variables are-
included in the order of their contribution to the differen-
tiation between the groups. Thus, since x4 gives the greatest
ratio of the variance between groups to that within groups
and is, therefore, best. able to discriminate between the two
groups, it is selected first. The next variable to be se-
lected (x6) is that variable which, when used together with
Xy results in the best improvement in discrimination. This
does not mean that Xe is the second best variable for discri-
minating between the two :groups. There may well be another

variable, say xp which is highly correlated with x and could,

4

if used alone, discriminate almost as well as x4 and much

better thaﬁ X, . Since,'however, x, has already been entered,

most of the.igformation contained gn xp has already been uti-
lized, and it has little "new" information to offer. It may,
therefore, be relegated to a place low-down in the list of
selected variables. Thus, in general, that variable is se-
lected which, whén partialled on the previouSly entered vari-
ables, has the highest multiple correlation between the
groups (Dixon, 1968 p.2l4a). This point is important since,

if given another sample of the data, the position of x, and

4
xp could possibly be reversed.

The order in which the somatometric variables were in-
cluded in the discriminant analysis 1is given in Table X.

The F-value (with degrees of freedom) in the table reflects
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the importance of the contribution of each of the 1l varia-

bles to the discrimination.

The first three variables to be included, viz. inter-
cristal width, (hip width) ulnar length and biacromial width
{shoulder width) are all skeletal measurements. The first
and third are horizontal measurements (See Fig. 1). Theyl
have probably both been given an important place, since the
first tends to be relatively wide in femalesvand the last in
males. The first was one of the variables which we found to
be descriptive of general body size (See Chapter 4.1 and
Table VI). The second variable viz. ulnar length (or length
of the forearm excluding the hand, Fig. 1) is an extremity
which_is not featﬁred in any of the characteristics dealt

with in Chapter 4.

It is instructive to note the signs of the coefficients
of the variables in (2) above. These have been repeated in
column 4 of Table X for convenience. The coefficients of

both intercristal width (x4) and biacromial width (x_.) are

positive.” Thus, if a person's intercristal width ang/or his
biacromial width <nereased relative to the values assumed by
the other variables, then his valué for XW—B would move to-
wards the (positive) White group. Likewise, his value for
XW-B would move towards the (negative) Bantu group as his
~values for these two variables decreased. The coefficient
of ulnar length (x6) is, however, negative. Thus, if a
person's ulnar length decreased, relative to his other mea-
surements, his value for Xu-B would move towards the White
group, and vice versa. Therefore, an increase in the rat<o
of biacromial or. intercristal width relative to ulnar length
would result in a move of XW—B toward the White group and
vice versa., Since these are the three most important vari-
ables for discriminating between the two racial groups, this
suggests that the discrimination 18 based primarily on dif-

ferences in skeletal proportion.

. This result could also be argued as follows: Children

3 | 5¢/...... .
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in the age range 7-15 years have been included in the analy-
sis and the affect of age has not been partialled out. (See
above). The variation in the body measﬁrement from a young

. child to an older one, is.clearly far greater than it could
be fromva child of one race group to that of another. It
would follow, therefore, that no discrimination could be based
solely on an absolute measure of general body size and must,

therefore, depend on changes in body proportion.

The next variable to be included is upper arm circum-
ference (negative coefficient) which we found (Chapter 4.1)
to be an impdftan£ indicator of both general body size and
also of soft body tissue. This is followed by the triceps and
subscapular skinfold thicknesses which we found to be indica- -
tive of body fat. Although the coefficient of the latter has
a negative'sign, the sum of the two coefficients is positive.
By a similar reasoning to that presented above, it would fol-
low that there are proportional differences between White and

Bantu ‘in respect of soft body tissue and of body fat.

It must be born in mind when considering the value and
sign of.the coefficients of each variable in (2) above that
these are detefmined on the basis of all 11 variables. The
order in which the variables are included is, as discussed
previously, dependent on their contribution to the discrimina-
tion whichvis assessed, variable by variable. It might, there-
fore, have been better to base the discriminant functions only
- on those variables which make a significant contribution to

the discrimination.

The next two variables,ﬁheight and cristal height, are
the last to make a significaht‘contribution to the discrimina-
tion. They are both skeletal measures of vertical body size.
The first has a positive sign and the second a negative. It
woﬁld, therefore, seem that they contfibute some further infor-
mation in respect of proportional differences in skeletal

structure between Whites and Bantu.
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In summary then, we have been able to demonstrate pro-
portiqnal differences between Whites and Bantu in respect
both_of skeletal proportion, and proportion of soft body
tissue, to body fat. Since, on the surface, it seems unlike-
ly that nutritional deficiency would result in disproportional .
skeletal growth,_one might postulate, as is often done, that
the skeletal differences are of‘genetic origin, while those in
respect of soft body tissue and‘body fat are nutritional. 'We_
shall, however, investigate this point further below and re-

“turn to it in the following chapter.

_ In order to assess the ability of discriminant functions
to distinguish between the racial groups, eeeh case was allo-
cated to one of the two groups using the discriminant function
(2) above. This procedure will, in general, give a slightly
better classification than would be found with a new set of
observations. In spite ef this bias it does, however, pro-
vide a fair indication of the reliability of the discriminant

technique.
A Summary of the allocation is given in Table XI.

TABLE XI : CLASSIFICATION INTO RACIAL GROUPS BASED
ON THE SOMATOMETRIC VARIABLES

Group,inlwhie?iczse Total
was classifie no. of
White Bantu cases
- Group in - o 7
which White 529 105 1) 634
case ) ' .
| belonged Bantu | . 56 o 471 _ 527

'0f the total of 634 White cases, 529 (83%) were
correctly classified. Of the 527 Bantu cases 471 (89%) were
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correctly classified. It is thus possible to distinguish be-
tween the. two racial groups with a considerable degree of ac-

curacy.

The first and second canonical variates based on the
somatometric variables were calculated for the White and Bantu
racial groups. ‘In Fig. 2 the secohd canonical variate (verti-
cal axis) has been plottéd on the first (horizontal axis). It
can be seen that the plotted points associated with the two
racial groups form separate clusters, though with some degree
of overlap. The mean of each group (indicated by an 0) lies

roughly on' the perimeter of the cluster of the other.

5.2 1Investigation of the relationship between socio-economic

status and the somatometric variables for Whites and Bantu by

means of a discriminant analysis,

In an attempt to establish to what extent the differences
observed above are due to genetic or nutrifional factors, a
discriminant analysis was performed separately on the White
and Bantu groups. after, in each case, a trichotomy of the
sample had been made on the basis of the rate per head per day
(R/H/D), see Table V. ' ‘

The R/H/D reflects the amount of money available per per-
son per day after the obligatory expenses relating to rent,
income tax, transport, rates and taxes, and water and lights,
have been deducted. Thus the R/D/H shows the amount of money
that is available on a daily basis to provide for all needs
in respect of food, clothing and fuel. It is, therefore, rea-
sonable to suppose that there would be a strong'positive asso-
ciation between R/H/D and the nutrition status of the child in
the case of thbse'groups where the money available was only
marginally sufficient to supply basic needs. The distribution
curve of thé R/H/D for the Whites is shown in Fig. 3, and that
for Bantu in Fig. 4. The considerable disparity in the R/H/D

for the two population groups is immediately evident.
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The peak for the White group lies in the region of 100 cents/
day, while that of the Bantu is about 12 cents/day.

The.relationship between the R/H/D and the somatometric
variables could clearly be investigated by means.of a step-
vwisé regression analysis, since R/H/D is measured on a conti-
nuous scale. This would, however; only detect linear relation-
ships and will be done in the next section. We felt, however,
that it was possible that the relationship might be non-
Zinear.‘_Such a situation could,vfor example, exist if both a
low. and a'high R/H/D lead to malnutrition: The low R/H/D due
perhaps to’inadequate food supplies, and the high R/H/D due
to an unbalanced diet, such as tends to occur in the case of

children of rich parents.

The children of each population group were, therefore,

divided into three socio-economic groups as shown in Table XII.

TABLE XII : CLASSIFICATION INTO SOCIO-ECONOMIC GROUPS

Socio-economic group (cents/day)
Low Medium "High
~ Range [0-40] (40-160] (160-]
White Mean 26,8 94,0 246,2
No. of . '
cases 4 69 425 140
‘Range [0-10] ~ (10-30] (30 -]
Bantu Mean 6,0 16,8 47,2
~| No. of 229 243 55
| cases

Stepwise discriminant analyses were separately applied to the

somatometric variables for each racial group to assess the

value of these variables in distinguishing between the three
sociQ—economic groups. It should be born in mind that we

have here made an artificial trichotomy of a continuous vari-
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ablev(R/H/D), and thus cannot expect to find clear cut dis-

crimination.

In the case of the White population, the discriminant
analysis on all 11 variables showed a highly significant dif-
ference between group means on the basis of an approximate F-
test (p = 0,003%). The results were, however, not significant
in the case of the Bantu (p = 37%), and no importance can,
therefore, be attached to the order in which the variables
haVe'been included. This may be due partly to the way in which
we have made the Erichotomy for the Bantu (Fig. 4). The first
boundary line chosen, bisects the distribution of R/H/D approxi-
mately at its mode and is, therefore, highly unlikely to form
discrete homogenous.groups in terms of any observed variables
‘associated with R/H/D. This boundary line was chosen since it
was felt that a sum of money of less than 10 cents per head
pervday would be totally inadequate to provide even basic nu-
_tritional needs, and that malnutrition would occur in this
~group. Since the possibility of non-linearity due to over-
feeding is highly unlikely in the case of the Bantu, the step~-
wise regression analysis, which will be presented in the next
section, should be adequate for investigating the relationship

for this race group.

The ordér in which the variables have been included for

the White group is summarised in Table XIII.

It can immediately be seen that only in thé case of the
first variable entered (biacromial width), was the F-value
significant. The fact that the next two variables to be in-
cluded, viz. upper arm circumference and calf circumference
both represent soft body tissue (See Chapter 4.1) might sug-
gest that the differences in the three White socio-economic
groups are due to a varying proportion of soft body tissue in
relation to'skeletal size. In view, however, of the lack of
significant F-values, further speculation in this respect is

unwarranted.
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5.3 Investigation of the relationship between socio-economic

status and the somatometric variables for Whites. and Bantu by

means of a stepwise reqgression analysis

In a further attempt to elucidate the nature of the rela-
tionship between socio-economic status as reflected by R/H/D,
and the somatometric variables, the technique of stepwise re-
gressioh analysis was used. -For both Whites and Bantu, a step-
wise regression analysis was carried out taking R/H/D as the
dependent variable, and the somatometric observations as the
independent variables. As mentioned previously (Chapter 3.1),
a stepwise regression analyéis investigates the linear rela-
tionship between the dependent variables (y) and the set of in-
.dependent variables (Xi)' That value of x (say xl), is first
selected which best explains the variation in y, or is most
_highly'correlated with Y and‘the‘regression of y on Xy is
computed. The remaining x variables, are then tested one by
one and that one is included in the regression equation which
contributes the best improvement to the regression relation-
ship. - Once again, as in the case of.the discriminant analysis,
if x, is entered‘firsf and then x the effect of x, 1is par—‘

1 2" 1

tialled out of the variance covariance matrix, before X is

included. Thus x mayvnét be that variable which has the se-

2
cond highest correlation with y but is the one which contri-

bute most "new" information.

It is, generally speaking,-difficult to know just how far
‘a stepwise regression procedure should be taken. In both the
present analyses the program was allowed to run until the F-
value to enter the outstanding variables fell below the value
of 0,01. The degrees of freedom for this F-value are 1 and
515 for the Bantu, and 1 -and 622 for the Whites. Thus in the
case of both races the stepwise inclusion of the variables pro-
.éeeded well beyond the stage where the variables contributed
a significant improvement in the regression relationship.
For both racesvall but one of the llvsomatometric variables

have been ihcluded.
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The regression equation for the Whites was:

- 0,0220x

¥y = - 0,1711 + 0,0019x, + 0,0107x, 3
- =0,0472x, + 0,0277x, + 0,0702x, + 0,0543x,  (3)
~0,0303xg + 0,0058x, - 0,0046%,
For the Bantuvit was:
=v ' : + -
Yy = +0,2507 + 0,0055x, *+ 0,0003x, - 0,0078x,
- 0,0015%, + 0,0040x_ - 0,0012x, -0,0067xy  (4)
+0,0171x, = 0,0166x) 5 = 0,0049%,,

Where 1in each case (x;) is the i-th somatometric variable
(No. in brackets, Table V)...

The order in which the wvariables have been included for
‘both Whites and Bantu is shown in Table XIV. For convenience
the sigh of the regression coefficient has been tabulated to-
gether with the multiple correlation coefficient. It can be
seen that the result of the stepwise regression analysis for
Whites conforms reasonably closely with that obtained from
. the discrimihant analysis on three socio-economic groups.
In both cases the first 3 variables are the same. The order
0f biacromial width and upper arm circumference have been re-
versed. The five variables which appear 6th to 10th in the
regression,analysis appear 7th to 1lth in the stepwise discri-

minant analysis in the same order.

Ih_View'of the very small increase in the multiple corre-
lation coefficient, it is, however, doubtful whether much im-
portance can. be attached to the order -in which themsuccessive
variables have been included. It does seem likely that,what
relationship exists between R/H/D and somatometric measurements
relates to a change in soft body tissue for a specific skele-
tal size. For the Bantu the increase in the'multiple corre-

lation coefficient is more gradual, but it never reaches the
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simple correlation between R/H/D and upper arm circumference
in the case of the Whites. For the Bantu the more important
variables seem to be those characteristic of body fat seen

in relation to total body weight.

" The results presented in Chapter 5.1 have served to in-
dicate that marked differences exist between the White and
the Bantu racial groups in respect of somatometric measure-
ments. These differences appear firstly, to be in relation
to skeletal proportion and secondly, in relation to soft body
ttssue and body fat. It seems possible that the difference
in skeletal proportion could havé a genetic cause whilst those
in soft body tissue and bddy fat might be due to nutrition
status.

Since in the case of both Whites and Bantu, evén é step—
wise regression analysisl(Which is.a more sensitive test for
linear relationship ﬁhan'a stepwise discriminant analysis),
"has failed to reveal any but the most tenuous relationship be-
tween R/H/D aﬁd the somatometric variables, it would appear,
either that R/H/D has little relationship to nutrition status
or that the differences found between Whites and Bantu are
largely due to non-nutritional causes. More light will be

thrown on this problem in‘the following chapter.

_ Having established that differences exist between the
White and Bantu racial groups in respect of their somatometric
variables, and having suggested a possible explanation of these
differences, we will now extend our investigation to the bio-
chemical variables, which form the secdnd major group of con-

sequential variables which have been observed.

5.4 Investigation of racial differences in the biochemical

variables for all races by means of a discriminant analysis

In order to study racial differences in the biochemical-

variables (Table V) a stepwise discriminant analysis was

68/.cecn..
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carried out to see whether these variables could be used to
'discriminate between the four racial groups. The stepwise
procedure was iimited to the inclusion of 15 variables in
‘order to conserve computation ti%e. The order in which the
variables were selected is summarised in Table XV. It can be
seen from the F-value that the last variable to be selected
still made a significant contribﬁtion to the discrimination.
The approximate F~test for overall discrimination between
the four racial groups on the basis of the first 15 variables,
yielded a F—Value of 88 with associated degrees of freedom, |
45 and 5586 (P < 0,00001%). Thus a clear cut differentiation,
particularly between the White and Bantu racial groups can be

made on the basis of the first 15 biochemical variables.

The first variable to be included in the analysis (Table
XV) was a-globulin. We have seen in Chapter 4.2 that the
blopd serum protein fractions reflecting protein status,~c0n~v
-stituted the first principal component of the biochemical va-
riables. The most important variable for the three non-White
racial grbups was globulin, which consists of the sum of the
o-, R-, and Y—globulih fractions. Thus a-globulin is one of
the protein fractions which characterise the first component.
.0=Globulin has never, to our knowledge, been suggested as an
index of protein status. It is, however, known to increase
with the presence of inflammatory conditions, such as body
‘sores or abrasions; Raised values are also found in various
.kinds of rheumatic diseases (Lubran, 1966). Since o-globu-
lin is expressed per unit volume of blood serum, it is not
likely to be'directiy related to the.agé of the child. There
is, furthermore, no physiological reason why it should vary
- with age (Oberman et al. 1956). It may well reflect, there-
fore, an absolute difference between the racial groups in re-
spect of the extent to which <nflammatory conditions are pre-

sent.

The next variable viz. phospholipids, is one of the body
fats, which is completely synthesised in the body, and is

highly corfelated with cholesterol. Racial differences in

69/ urnnn.



-l..nc-\ON.

Ol CEIDETES HYdM SHTEVIEVA TVOIWHZHOOIE HHI HOIHM NI ¥IQ¥0

- "69

T00°0> 6L8T 4T 66 (InIes) 9ULOIEB) 6 a1
100°0> | 088T I T o}~ Il /oUOPTILZ ¢t v
10040> 88T ¢I 62T Tox8389T0UY T ¢1
T00°0> 288T <1 69T utezoxd TBRO[ 1A\ 2T
T00°0> ¢88T 1T ‘oz oseyeydsoyd SUTTBATY 14 1T
T00‘0> 88T . 0T ¢fog (£xBUTIN) SUTWETYY 0T 0T
000> G881 6 2‘6e (£1BUTIN) UTABTIOQTY ee 6
T00¢0> 9881 8 085 (£zeUTIn)  O}-,N 21 8
T00‘0> 1881 L G‘6v snzoydsoyd otusIaou -5 L
T00°0> 888T 9 0446 utejoxd TBIOL/UTTNQOTS~ 12 9
T00°0> | - 6881 & 64C9 (mmaes) eserimy 9 S
100°0> 0681 ¥ G20t (muaes) ¥ uTwejTp 8 14
T00°0> 68T ¢ G YT duTuUT{BaIO /osBTAWE AIBUTI L ¢
100 0> 68T ¢ 8°L9T sprdrroudsoug Z Z
T00° 0> 68T 1 8'CLE uTTnqoT8~o LT T
. aovmwhﬁ 2uWBN oy
%d mmowmmm onteA~d P9108TeS 9TQBTJIB) O -de3jg
SIN0¥H TVIOVY 4004 #HI NEHMING FIVNIWIWOSIA
A FTdVL




70.

serum cholesterol have frequently been pointed out. This
.variable, however, only appears in the 13th step, probably
because the bulk of the 1nformatlon it contains has already

_been represented by phosphollplds

The third and fifth variables measure the activity of
the same enzyme, amylase in urine and serum. This enzyme is
responsible for breaking down dietary starches into simple
sngars, and probably relates to the amount of dietary starch
habitually consumed. The fourth variable is a fat soluble
vitamin.

The rac1al group$s appear then, to differ most markedly
in respect of the proportion of protein fractions related to
acute (inflammatory) infections, chronic (antibody-producing)

infections, and fat, starch and vitamin intake.

Since total protein onlyvappears in step no. 12 and albu-
- min, which is generally regarded as the best indicator of an
inadequate protein intake, has not been included in the first
15 variables, the results on the biochemical variables would )
seem to suggest that the adequacy of protein intake is not an
important factor in differentiating between the four racial
groﬁps. This confirms Du Plessis' observation (Du Plessis,
1967, Chapter 3) that, according to the biochemical variables,
no sign of acute protein deficiency could be found in any of

the four racial groups.

The first two canonical variates have been plotted in
Fig 5. There is a surprisingly good separatlon between the
White and Bantu racial groups in respect of the first canoni-
cal variate (x axis), but no difference in respect of the
second canonical variate. The Coloureds and Asiatics are
superimposed on one'another. 'They lie in an intermediate
position between the Bantu and the Whites, in respect of the
- first canonical variate and are slightly higher in respect of

the second.
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As in the case of the discriminant analysis on the Whites
and Bantu, the subjects in the four racial groups have been
reclassified using the discriminant functions obtained in the
first 15 biochemical variables. The results are summarised in
Table XVI. It can be seen that out of 634 Whites 84 percent
were correctly classified. For the Bantu, Coloureds and Asi-
atics, the figures were: 78 percent, 57 percent and 70 per-
“cent respectively. This procedure, as stated previously, is
subject to some bias but it does appear that a'surprisingly
good classification is possible on the basis of the biochemi-
cal variables. The relevance of these results will become

clearer in later chapters.

Having established thatvdifferences exist between the
White and Bantu racial groups in respect of their somatome-
tric variables, and between all racial groups in respect of
their'biochemical variables, we will now investigate what de-
gree of discrimination can be obtained between the four ra-
cial groups using all observed variables (Chapter 2.5, Table

V), with the exception of age, race and sex.

5.5 Investigation of.racial difference in all suitable vari-

ables for the four racial groups by means of a discriminant

analzsisg

A stepwise discrimiﬁaht analysis was carried out on all

" the relevant variables (no's 4—61,'Table V) to see to what
extent they could be used to discriminate between the four
racial groups; In order to conserve computing time, the step-
wise procedure was stopped after the inclusion of the first

25 variables.

v The order in which the vafiaples‘were selected is summa—
rised in Table XVII. . It can be seen that the 25th variable
still made a signifiéént'cdntribution to the discrimination.
~The approximate F—test for the overall discrimination be-

‘tween'the'fOUr racial groups on the basis of the first 25

73/,
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variables, yielded an F-value of 99 with associated degrees
‘of freedom 75 and 5591 (P < 0,0001%). There is thus no doubt
that a very clear cut differentiation can be made between the‘
" racial groups on the basis of the first 25 variables, Once
.again, as in Table XV,'the first variable to be included was
a-globulin, which as we have seen, is one of the protein frac-
tions known to be affected by the presence of <Inflammatory
conditions in the body. The second variable to be selected
was R/H/D. This variable, like o-globulin, is invarianﬁ on
the age of the child; In view of the marked differences in

R/H/D, particularly between Whites and Bantu {(See Fig. 3 & 4),

" the selection of a-globulin, rather than R/H/D, as the most

important variable for discriminating between four groups is

striking.

The third and fourth variables, namely, <ngested carbo-
hydrates and fats, represent the energy prOducing nutrients.
Carbohydrates played a reasonably important part in the se-
cond principal component of the nutrient intake variables,
(see Chapter 4.4) but fat did not. Since nutrient intake will
tend to increase with age, we must conclude that it is the
proportional nutrient intake rather than the absolute amount

which differs for the races.

The fifth and sixth variables to be included, viz. vita-
min A (serum) and urinary amylase, are both biochemical vari-
ables. It is intefesting to note that these occurred fourth
and third respectively in the discriminant analysis on the

biochemical variables.

The seventh variable is the intake of animal protein.
This would indicate differences between the racial groups in
respect of the proportion of animal protein intake (though
not necessafily of total prbteih'intake which, as we have
séen in the preceding section, appears to hawve been adequate).
The eighth,Variable was phospholipids, a biochemical varia-

ble which appéared in the second place in the discriminant
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analysis on the biochemical variables. This is followed by
sedimentation rate, a haematological variable which tends to
increase when aqcute infection is present in the body and has

Ca role'somewhat similar to that of a-globulin.

‘It is interesting to note that in both the discriminant
analysis on the biochemical variables only (Chapter 5.4) and
that on all the variables, the characteristics of degree of
inflammation, fat intake, carbohydrate intake (including
starch) and vitamin intake appear to be the best discrimina-

tors, in that order.

It can be seen that in the first niné variables to be .
included, four of the five disbiplines are represented, the
somatometric variables being excepted. These first appear in
the 16th-19th steps. This is rather surprising, since, as we
have seen above, they can be used to discriminate clearly be-
tween the Whites and the Bantu. This suggests that the infor-
‘mation in the somatometric variables which enables us to dis-
criminate between the Whites and Bantu, is "weaker" than that
in the socio-economic, biochemical and dietary variables which
enables us to discriminate between the four racial groups.

It is interesting to note, howevér, that the first and second
somatometric variables which appear here, are the same as
those which appeared first and second in the analysis to dis-
criminate between Whites and the Bantu on the basis of the

somatometric variables.

Out of the 25 variables shown in Table XVII, it can be
seen that 10 out of a possible 22 are biochemical variables
measured in blood or urine. Seven out of a possible 15 are
dietary variables. Five out of a possible 11 are somatometric
variables. Two out of a possible 9 are haematological vari-
ables, and. the one socio-economic variable has been included.'
Thus in the case of the first three disciplines mentioned,
each is re?resented by approximately half of the variables

in the discipline.



77.

The differences between thetrécial groﬁps is clearly
demonstrated in Fig. 6, in which the first two canonical
variates.havelbeen‘plotted. The separation between the Ban-
tu and Whites is clear cut with almost no overlap. This
differencé is,'furthermore, almost entirely in relation to
the first canonical variate (horizontal axis) and is remark-

ably similar to that based on the biochemical variables.

The Asiatics now differ clearly from both the Bantu and
Whites but not from the Coloureds. The difference is reflect-
ed both in the first and second canonical variates. The
Coloureds are well separated from the Whites but'overlap both
the Asiatics and Bantu to a considerable degree since they

lie in an intermediate position between the two racial groups.

As previously, the subjects in the 4 racial groups have
been reclassified using the discriminant functions obtained
on the first 25 variables. The results are summarised in
Table XVIII. It can be seen that out of 634 Whites, 91 per-
cent were correctly. classified. Only 1 White was misclassi-
fied as a Bantu, whilst 29 were misclassified as Coloured
and 29 as Asiatic. Of the 527 Bantu, 88 percent were correct-
ly classified and all but two of those misclassified were )
placed 'in the Coloured group. .Of the 386 Coloureds, 72 per-
cent were correctly'classified. The great proportion of those
misclassified were placed'in the Bantuvand Asiatic groups.

Of the 300 Asiatics, 85 percent were correctly classified.
The bulk of the misclassification being in the Coloﬁréd

group.

In summary, it may be noted that the most important
differences between the four racial groups appear to relate
toIVariables known or thought to be indicative of degree of
inflammation; socio—economic status; carbohydrate intake; fat
intake; vitamin intake and animal protein intake. The rele-
vance of these findings will become clearer in succeeding

chapters.
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CHAPTER 6

A STUDY OF THE RELATIONSHIP BETWEEN "CAUSAL" AND "CONSEQUEN-
TIAL" SETS OF VARIABLES, BASED ON THE CANONICAL CORRELATION
' COEFFICIENT

6.1 Problems relating to the assessment of nutrient intake

Clearly,vif the intake of each nutrient could be precise-
ly assessed in‘relation to the needs of an individual, this
‘would yield an optimum method for the assessment of nutritioh
status. The accurate assessment of nutrient intake is, how-
ever, eXtremely.difficult, due firstly to the problems sur-
rounding the measurement of food intake, and secondly, to the
‘problems involved in the estimation of the ﬁutrient.content
of foods. It is also a very expensive undertaking. The diffi-
culties, however, do not end there. It is even more difficult
to judge whether any speéified level of nutrient intake is
adequate. All vegetable :proteins, for example, have been
classified under a single heading, yet it is well known that
the quality, and therefore, the réquired amount of any such
protein, can differ considerably. One cannot simply give a
fixed quality rating to any given protein. Proteins consists
of amino acids, some of which are regarded as essential and
others as non-essential. A protein would be a "good" protein,
if it contained the essential amino acids in an ideal or near
ideal proportion. Few plant prdfeins exist for which the pro-
portion‘of amino acids is anything approximating to the ideal,
yet the quality can still vary remarkably from one plant pro-
tein to another. The quality of the protein, however, depends
on the amino acids being in the right proportion in the stomach
‘rather than in'the plant. It is, therefore, at least theore-
tically possible that an optimum combination of two or more
poor quality proteins, might produce a mixture of high quality.
Thus, in the final count, the quality of any specific protein
depends on the context in which 7t has been eaten; that is on

the other protein foods eaten at or around the same time.
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A similar_problem may well exist in the case of many
other nutrients but this has not yet been clearly investiga-

ted by biologists.

In spite of thesé often serious difficulties, it is cus-
vtomary when assessing the adequacy of the diet of any given
population group, to ignore differences in £he quality of :
nutrients and to compare.ﬁhe'actual nutrient intake of a per-
son of a given age and sex with a recommended daily allowance
for that age—éex group, see e}g; National Research Council
(1968). The recommended daily allowances are, however, by nb
‘means a clear indication of the ideal nutrient intake of an
individual, they are rather,designed to afford a margin, suf¥
fieiently above average physiolbgical requirements, to cover
vartations amongst pracf£CaZZy all individuals in the general
population, of the age group specified. Something of the un-
certainty surrounding these allowances can be gauged by the

extent to which they have been changed from time to time.

These problems are important when considefing what form
of nutrient intake should be used when correlating nutrient
intake with the observations of the other disciplines. Clear-
ly, if recommended daily allowances could be relied upon to
provide an accurate estimate of the amount of a given nutrient
required by the individual, and not merely a safe upper limit
of this amount, it would be best to express the actual nutri-
ent intake of a childvas a proportion of the recommended daily
allowance for that child, resulting in a "reduced" nutrient
intake, free of variation due to age and sex. This‘procedure
was, in fact, followed by Drion (1961) when studying the inter-
correlation betwéeh the nutrients consumed by a group of fami-
lies in the Netherlands. As we have seen above, our results
relating to the first principal component of the nutrient in-
take variables, showed a remarkable siﬁilarity with those ob-

tained by Drion, although we did not use "reduced" variables..
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6.2 Problems arising out of the effect of age on the relation-

ship between two .sets of variables

Before we can present the results of the canonical corre-
lation between causal and consequential Sets.of variables, some
attention must be given to a further problem to which superfi-
cial reference has been made above. It is clear that a young
child will tend to have small somatometric measurements rela-
ting to skeletal and generél body size, ahd to eat little. An
older c¢hild will have larger'somatometric measurements and will
‘tend to eat more. A danger cléarly exists, therefore, that any
relationship which may emerge between the nutrient intake (or
dietary) variables énd the somatometric variables, could be due
to'both_these sets_beingArelatéd to age. A spurious correlation
might thus be found to exist.between two sets of variables which

are in fact completely unrelated.

For theobiochemical variables the situation is different.
These variables are normally expressed as a concentration of a
particular constituent per unit volume of blood serum or urine.
Thus, by and large, biochemical variables should not be direct-
ly correlated with age, except in the case of those variables
which relate to some physiologioal property of the child which
" changes with age. Such variables are not likely to have a
. simple linear relationship, but rather to show a marked change
'in value at, for example, the age of puberty. In the absence |
of any clear knowledge of suoh a relationship, the biochemical
data were not modified in any way. A similar situation will

exist for the haématologidal variables.
Having reviewed these problems in some detail, we can now

proceed to a study of the relationships between causal and con-

sequential sets of variables.
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6.3 The canonical and partial canonical correlations between

nutrient intake and the somatometric variables

_ The concept of a canonical correlation was stated in
Chapter 3.1. The fZrst or largest canonical correlation
coefficient is the maximum linear correlation between two

. linear functions, gl(y) and £ (x). In the present case gl(y)

1
is the first canonical function of the nutrient intake varia-
bles (y), and fl

tometric variables (x). Suppose we have p variables in the

(x) the first canonical function of the soma-

one set (or discipline) and g variables in the other with

pvi gq. In general, p pairs of functions can be found:
lg) (¥)s £ 060 L {gy () £, (x) b g (v) /£ (%)) (1)

Each pair is independent of the proceding one, in much
the same way as each principal component in a principal com-

ponent analysis, is independent of the previous component.

These functions give rise to a decreasing series of cano-
nical correlation coefficients, r; (i = 1, 2,...p). If the
first canonical correlation is large in relation to the rest,
this means that a large proportion of the relationship be-
tween the variaples s and X4 has been explained by the corre-

lation between gl(y) and fl(x) (Anderson, 1958, p.305).
An overall measure of the relationship between the two
sets of variables is given by the so-called trace correlation

coefficient, r. (Troskie, 1969 and 1971).

This is defined as follows:

= _ /1l .p 2
r = //; Zi=l_ r,’ (2)
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“,Varrous ¢riteria for testing the canonical correlations
have beenhproposed, based either on the first canonical corre-
‘lation, or on functions of the canonical correlations. The
:best One to choose tends to depend on the extent to which the
flrst can@nlcal correlatlon coefficient explains (or more
correct;y,.lseegpected to explain) the relationship between

the two sets of variables.

Slnce 1n the present case the proportlon of the relatlon-
ship explalned by the first canonical correlation tended to
vary, we have based s1gn1f1cance tests of the relationship
between‘the two sets of variables on the trace correlation
coefficient (see Pillai, 1960, and Troskie, 1971, p.47). The

following test statistic was used:
(2n + s + 1) . .I2
(2m + s + 1) l_;z

F has an F-distribution (approximately) with
£, = s(2m + s + 1) and f,=s@n + s + 1)

P = (3)

degrees of freedom,
: Where- n=%N-p-g-= 2)
S om=%(q - p - 1)
N = number of subjects studied
s = the number of non zero canonical

correlations (almost everywhere = p)

Theucanonical and trace correlation coefficients were
first caleuleted separétely for each racial group between the
dietary (nutrient intake) and the somatometric variables. The
data for all four racial groups was then pooled, and the calcu-
~lations repeated. The first five canonical correlations for
each race are given in the first five rows of Table XIX, fol-
lowed by the-trace correlation, the relevant F-value, degrees
of freedom'and'associate probability, P. (In the case of the
Bantu, one'of the canonical correlations was zero, hence the

smaller value for the first degree of freedom).
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It can be seen that the first canonical correlation
ranged from 0,35 for Coloureds to 0,60 for Whites, with a
valueifor all race groups of 0,51. The extent to which the
first canonical correlation explained the relationship be-
tween the two sets 'of variables, varied from one race group

to another. It was best for Whites and for all races com-

bined.

Thé trace correlation coefficient varied from 0,21 to
0,24. According to the approximate F-test, it differs highly
significantly from zero (P <0,00l1) for the Whites, Bantu and
all raqes,"The fact that no sigﬁificant difference could be
demonstrated in the case of the Asiatics and Coloureds appears
to be due to the smaller samplé sizes for these groups. 1In
general, a significant relationship would seem to exist be-
tween the dietary.and'the spmatometric variables. We shall
focusvour attention on the first or largest canonical corre-
lation but it must be borne in mind that the significance

test'relates to all the canonical correlations.

Since,vas mentioned above. under 6.2, the canonical cor-
relations could perhaps be spurious due to both sets of vari-
ables;being related to'agé; the partial cdnonicaZ correlations
were then computed,_with?effeCt of ége partialled out. This
was done by replacing”éach element rij.Of the correlation

matrix by the partial correlation ry in the programme

, j.k"
which was used to calculate the canonical correlations.

oo i T Tix Tk
- B U 1

Where k denotes the age variable.

Similar tests as those described above were carried out
on the partial trace correlation. It can be shown that in
-the case of the partial trace correlation the test statistic
F, as defined in (3) above, also has an approximate F distri-
bution (Troskie, 1972). As abdve, p represents the number of
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'variables in the one set and g, the number in the other with
P < g. If the effect of r "new" variables (not included in
p or gq) has been partialled out, then N is replaced by N-r.
'Since we have partiallgd out the effect of one variable, age,
which was not_inclhdedfin the (p + g) variables on which the
previous analysis was éarried out, the values for p and g in

each case will remain unchanged. N is reduced to N-1.

The results are shown in the lower half of Table XIX.
For each race group, the partial'canonical correlation was
somewhat smaller than the canonical correlation. The dif-
ference was larger for some racial groups than for others.
When, however, the partial canonical.correlation was computed
for the data on all four racial groups, we found a larger
canonical correlation coefficient than that observed for any
singleirace group. This somewhat surprising result, which
was reflected to a lesser degree in the trace correlaﬁion,
may be due to the fact that by pooling the various groups,
we have considerably increased the range over which the nu-
trient intake variables, in particular, haveleen observed.
The trace correlation was still highly significant for the
Whites and for all races (P <0,001%). It was significant
(P < 1,77%) for the Bantu, but no significant difference
could be shown in the case of the Asiatics and Coloureds.
As mentioned, the lack of significance in fhe case of the
latter two racial groups may be due to the smaller sample

sizes.

In general, therefore, there appears to be a definite
relationship between the nutrient intakes or dietary varia-
bles and the somatometric variables which does not depend

on age.

As stated above, the adequady of dietary intake is nor-
mally assessed in terms of a number of different nutrients
(15 in the present case). It would clearly be of great ad-
vantage if a single index of nutrient intake could be deter-

mined.
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One possible such index would be the first canonical
function with the effect of age partialled out, based on the
pooled data for all racial groups. This is given by gl(y)

for the nutrient intake variables below: '

gily) = 0,0608y, = 0,108ly, - Q,0156y3 |
| - 0,6788y, = 0,0315y; + .0;8628y6
+ 0,3244y, + 0,3515y, - 0,0582y, (5)
- 0,1542ylO +0,2126y,, - 10,1955y
+0,0458y 5 + 0,0483y,, + 0,2434y15‘.

" where iniS‘the‘ifth nutrient intake variable (see Table.V

of Chapter 2, the variable number is given in brackets).

The function for the somatometric variables is given by
£ (x) below: |

1
. ’/\:‘ i
£, (x) = - 0,1020x, + 0_,4980><2 - 0,1036x,
4+ 0,6555%x, + 0%3220x_. - 0,3335x
4 5 6 (6)
- O,l456x7 + 0,0075x8 + 0,4974x9
- 0,2735x,, - 0,0640x

where xi is the i-th somatometric variable (see Table V of

Chapter 2, variables No. in brackets).

The function gl(y) is an optimum function of the nutrient
intake variables, whilst fl(x) is an optimum function of the
somatometric variables in terms of the relationship between
“the two data sets. It is, therefore, a reasonable postulate
that each of thé$e functions can, in a sense, .serve . as an

index for the diScipline it represents.

R
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The main purpose of our study is to find a simple
technique for asséssing nutrition status, and we have seen
some of the problems related to the assessment of nutrient
intake. Since the somatometric variables, as we have shown,
are related to the hutrient intake‘variables, it is of in-
terest to determine which ones are important in the relation-

ship with nutrient intake.

_ Since, in the functions (5) and (6) above, all variables
have been standardised in respect of their respective means
and standard deviations, the size of the coefficient is di-
rectly proportional to the importance of the variable. The
rank order of the variables according to the modulus of the
coefficients, together with the sign of the coefficient is
shown in columns 3 and 4 of Table XX. It will be remembered
that in Chapter 5.1, we found that it was possible to discri-
minate clearly between the White and Bantu racial groups on
the basis of the somatometric variables. It is interesting
to compare those variables which best discriminate bhetween
the two racial groups with those which are most highly rela-
- ted to thé canonical function of nutrient intake. To facili-
tate comparison, the rank order of the variables in the dis-
. criminant analysis, together with the sign of the coefficient,
are shown- in cdlumns-S and 6 of Table XX. It can be seen that
intercristal width occurs first in both cases and the coeffi-
‘cients have the same_sign. This variabie, which occurred in
our first principal component representing general body size
(See Chapter 4.1), was also the most important somatemetric
variable in the stepwise discrimination between all four

racial groups.

The 6th and 8th - 11th variables also occur in the same

order and the coefficients have the same sign.

‘Before commenting on these results we would like to note



e te

86’0 + 11 + 11 + 1T 2oUSIOIWNOITO FTeD 8
850 - 0T - 01 - 0T | PIOJUTHNS TeOITTIquN-BIRJ HHM
860 - 6 - 6 - 6 3yb1ioMm 1
85’0 - 8 - 8 - 8 3ybTaYy Te31sSTID €
85‘0 - L - 17 - L *oxTo wie xaddn L
850 - 9 - 9 - 9 pToJuTys Ierndedsqng 01
mm.o. —+ S + S + €  piojurys sdeoTal 6
960 + A + L + Z jybtoy Z
SS’0 - € - 4 - v yabus1 zeUIN 9
¥S’0 + 4 + € + g U3pTM TeTwoIdeTd G
€s‘0 + T + 1 + 1 U3IpTM TR3ISTIDISIUIL y
S TR R RE AR CE .....................w....,...........................wm@..,
R
uotrssaibay ssimdsasg ucMWMWMMMMHO wmmﬂmwwwwwm manmﬂumv
- STINAHO0dd HAUHLI @HL 40 HOVE Ad HONVIMOAWI Ol DNIAHOOOV
dT1dVY L

ADINVE ' Sd1aVINVA OTdLdWOLYWOS @HI 40 4EA¥0 AAL 40 NOSINVAWOD ¢ XX

‘06



91.

an important difference concerning the factoré determining
the order in which the variables, based on the modulus of

the canonical coefficient, have been tabulated and the order
'ariéing from a, stepwise discriminant Or regression analysis.
As stated previously in the stepwise analysis, each new : ‘

variable is added because it can contribute more "new" infor-
mation than any of the remaining variables. In the case of
the canonical function, however[ the modulus of the coeffi-
cient of the variébles and hence the order given in the rele-
vaht column of Table XX, is applicable only to their absolute
importance in the relationship.. Thus in this case, two vari-
ables could both be given high priority in spite of the fact
that they containéd virtually,tﬁe same information. If,
however, they contained exactiy the same information, i.e.
-1f one was a linear combination of the other, the ‘
covariance matrix would be singular and the analysis would

not be possible.

In order to obtain a sequence of the somatometric vari-

' information contribu-

ables arranged according to the "new'
ted by each variable in the canonical function, a further

computation is necessary. This is described below.

!

6.4 Stepwise regression of the "partial" canonical function

of nutrient intake on the Somatometric variables

The function gl(y) (No. (5) in 6.3 above), which is based
on the partial canonical correlation, was evaluated for the
nutrient intake of each subject in all four racial groups.
This function was then taken as the dependent variable, and
a stepwise regression analysis carried out taking the somato-
metric variables as indepehdent variables. Since the effect
of age'had beeh partialied out of the canonical functions (5)
and (6) in 6.3 above, it was necessary to remove this effect
from the somatometric variables. This was done by including
age as a variable in the stepwise regression, but forcing <t

in as the first selected variable. Thus, the effect of age

92 /0.
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was then‘pértialled out of the covariance matrix

before the somatometric variables were considered for inclu-

- sion.

, ; | , :
'The variableé are tabulated in Table XX in the order in
which they wéfe iﬂcluded. The rank éf the'variable, the sign
~of the regression Coefficienté, and the multiplé correlation
coeffiqienﬁé; afe-tabulated in the last three columns of
Table XX. It is interesting to:note the low correlation
(0,06) of age with the canonicai function of nutrient intake,
which clearly demonstrates’thétgthe effect of age has been

partialled out of the'relatioﬁship'between the nutrient in-

"take, and somatometric variables. It can immediately be seen

that a revised sequence of_soﬁatometric variables emerges
which shows a remarkable similarity to the order obtained for
the somatometric variables which best discriminate between
Whites and Bantu (columns 4 and 5 of Table XX). If biacro-
mial width is exchanged with ulnar length, and height with
upper arm circumference, the order would be identical.
Furthermorel,in every case the sign of the coefficient for

each variable is the same.

This result deserves careful consideration: It appears
to sugggst that the factors which permit discrimination be-
tween White and Bantu are almost the same as those which re-

late to nutrient intake.

In Chapter 5.1 we argued that the most important diffe-
rencesbetweeh Whites and Bantu were differences in skeletal
proportion, possibly due to genetic causes. Since the co-
efficient$ of both intercristal width and biacromial width
are pOsitive, while that of ulnar length is negative, it
would now éppear that the differences in skeletal proportion
are also primarily'responsible for the relationship with the
canonical function of nutrient intake variables. This result
may well suggest that the differences in skeletal proportion

have a nutritional, rather than genetic cause. Since the
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effect of age has been partialled out, it does not appear
that the aboVevfindings could be attributed to  an age effect.
It seems highly improbable that they could be attributable to
fsoms race efféct impinging onithe nutrient intake variables

but this possibility cannot be_completely excluded.

It is accepted by anthropologists that different racial
groups may_diffor in respect of certain body proportions (see
e.g. Metheny, 1939). Certain research workers in the field
of nutrition, have postulated that these proportional diffe-
rences might be the long-term effect of a particular level of
nutrition. It has e.g. been noted that although the Japanese
are traditionally a race of little statufe, those who emigrate
to America have children whose height and weight approximate
'to American standards. Our results would seem to contribute
somewhat to the pool of evidence suggestiﬁg that nutrition is
responsible, at least in part; for size and shape differences
between the various races. |

We will now turn to a second subset of the data which
. also permits a study of the reiationship between causal and
consequential variables.

6.5 The canonical correlations between nutrient intake or

"reduced" nutrient iﬁtake, and the biochemical variables

In the same way as that described above, the canonical
correlatioh coefficients were calculated between the nutrient
intake variables and the biochemical variables. The calcula-
tions were carried out separately for each racial group and
then on the combined data set for .all races. The canonical
correlations were calculated firstly on the raw data. The
first five canonical correlations followed by the trace cor-
relation coefficient and relevant test statistics, are shown
in the upper'half of Table XXI. It can be seen that the first
canonical correlation ranged from 0,38 for Bantu to 0,55 for

Whites, with a value for all races of 0,72. The increase

04/ v
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in the canonical correlation for all races is probably due to
the greater'scatter in the nutrient intake variables when
pooled for all races. Once agaln there is some variation be-
tween the rac1al groups in the extent to whlch the flrst ca-
nonical correlatlon explains the relationship between the two
sets of varlables. ‘The trace”correlatlon varied from 0,23 to
0,30, with a value of 0,25 for all races. It can be seen from
Table XXI that in_eVery:caSe the trace correletion differed
highly significantly from zero, providing substantial proof
that a relationship exists between the dietary and the bio-

chemical variables.

In the second place, the analyses were carried out after
an attempt to eliminate the effect of age. We did not, how-
ever, partiai out the age effect as in the case of the pre-
&ious analysis. As we have mentioned earlier, the biochemical
variables will largeiy be. independent of age. Those vatiables

whlch are dependent on age due to phy51olog1cal reasons, are -

L

not likely to have a 51mple linear relatlonshlp, but rather
to show a marked change in value at, for example, the age of
puberty. In the absence of any clear knowledge of such a
relatlonshlp, the biochemical data were not modified in any
way. For the nutrient 1ntake data, the observed value for
"each subject was expressed as a proportion of that sdbject's
recommended daily allowance, givihg the so-called "reduced"
nutrient intake variables. The recommended daily allowances
of the National Research Council (1968) were used. Since
theee were not available’for animal, vegetable and mixed pro-

tein intakes, these variables were excluded from the analysis.

The results obtained are shown in the lower part of Table
XXI. The effect of using "reduced" variables is rather sur-
prising. For Whites and Bantu this resulted in an increase
in the first canonical correlation‘coefficient, markedly so
in the case of the Bantu. For Asiatics and Celoureds, there
was a slight decrease. For all races, the first canonical

correlation.changed from 0,72 to 0,71 as a result of using
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reduced variables. The trace correlation increased slightly
and'showed a ‘highly significant difference'from zero in every
case. 1In general, using the standardised nutrient intake
seems to yield a slightly better relationship between tne

two sets of vafiables. The improvement does not, however,
_éppear to be concentrated in the first canonical correlation,
i.e. 1s not in terms of a single linear reZatzonsth between

the two sets of variables.

In view oﬁ the doubts expressed in 6.1 concerning the
applicability of recommended daily allowances, and the fact
that it'hastlittle'oVerall effect on the first canonical cor-
relation, attention will be mainly devoted to the results ob-
tained on the-"unreduced“ or raw nutrient intake variables in

the paragraphs that  follow.

We may note that the first canonical correlations des-
cribing the relationship between nutrient intake and the bio-
chemical variables are of the same order for each racial
group, as those describing the relationship with the somato-
‘metric variabies. They are, however, considerably higher for
all races combined. This is probably due to the fact that
the variation in both sets of variables is now increased by

pooling the data for the different race groups.

The fifst canonical correlation coefficient is not,
strictly speaking, comparable to a simple correlation coeffi-
cient. It is, nevertheless, interesting to note that the
first canonical correlations are considerably higher than any
51mple correlatlon between nutrient intake and a biochemical
variable. The highest simple correlat10n_(0,38) was found
between serum carotene and the intake of both animal protein
and riboflavin. Tnis reeult would tend to emphasise the fact
that there is no unique relationship between the intake of a
specific'nutrient and a biochemical variable. There is rather(
a complex interrelationship between the intake of a number of

nutrients and the concentration of a number of biochemical
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variables. The relationship which we have been able to estab-
lish, is well described by the two first canonical functions

calculated on all racial groups. These were found to be:

0,048ly;, = 0,3550y,

w0

<
i
[

0,0966y3

0,3957y, + 0;2411y5 + 0,5532y,

+ 00,1758y, + 0,4214y, 0,0388y, (7)

O,l302ylO + O,l694yll - 0,1789y12

+

where Y; is the i~-th nutrient intake variable (see Table

V of Chapter 2, the variable No. is given in brackets).

A 0,02802l + O,ll47z2 + 0,0363z

2
N
e
1}

i

3

0,0912z

0,0721z 0,1809z

4

5 6

0,126327 + 0,0024'28 + 0,3226z

0,1292z;, + o,o'3o7zl

+ 0,04272l3 + Q,O6l8zl4

+ O,O3l8zl6 - O,l29lzl7 + 0,1335z

0,2335219 + 0,2877z20 + 0,1510z

0,2607222

9

0,0186z

1 12

0,0499215

18

21

+

where z, is the i-th biochemical variable (see Table V

of Chapter 2, the variable No. is given in brackets).

Sihce our variables have all been standardised relative
to their respective means and standard deviations, once again
the modulus of the regression coefficient for each biochemi-
cal variable is a measure of its importance in establishing
the relationship with the nutrient intake variables. The
rank order of the modulus of the coefficients together with

the sign have been tabulated in the 3rd and 4th columns of
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Table XXII. As described above in the case of the somatome-
tric variables, it is not possible, from an inspection of
these coefficients, to establish an optimum subset of bio-
chemical variables. -In‘order.td do thié, we have as previous-

ly, carried out a stepwise regression analysis.

6.6 Stepwise regression of the canonical function of nutrient

intake on the biochemical variables

- The function B (y) (function no. (7) in 6.5 above), was
evaluated: for the natrient intake of each subject in all four
~racial groups, (in the same way as gl(y) in Chapter 6.4).
This function was then taken as the dependent variable, and
a stepwise regression analysis was carried out taking the
biochemical variables as independent variables. The varia-
bles are tabulated in Table XXII in the order in which they
were included. The_ranks of the variables, the signs of the
regression coefficients and the multiple correlation coeffi-

cients are tabulated in the last three columns of the table.

In Chapter 6.4 we found that, when a stepwise regression
of the canonical function of the nutrient intake variables,
gl(y) on the sqmatometric Variables was carried out, the or-
dering of the variables showed a remarkable similarity, to
that obtained for thé somatometric‘variables which best dis-

criminated between the Whites and the Bantu.

In order to see whether a similar result would obtain
for the biochemical variables,'the order in which the bioche-
mical variables were included inh the discriminant analysis
between the four racial groups (Chapter 5.5, Table XVII) has
been repeated in the 5th column of Table.XXII. Since only
15 variables were included in the discriminant analysis, the
rank numbers.only go up to 15. The discriminant analysis
was done on.the four racial groups, and a discriminant func-
tion of the same form as XW—B (equation (2), Chapter 5.1},
could be obtained for each pair of groups.. Since the sign of
the coefficient of a particular variable could vary from one

function to'andther, it is not possible to tabulat%”;}. :
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At first little, if any, relationship appears to exist
between the sequence obtained when discriminating between |
the four racial groups and the seqguence obtained in the step-
wise regression analysis which related the biochemical vari-
ables to nutrient intake. It can, howéver, be sSeen that in
the first‘six variables, three of those which occurred in the
discriminant analysis (variables Nos. 6, 17 and 21 in Table
XXII), alsq occurred in the stepwise regression analysis.

The maximum multiple correlation in the stepwise regression,
is reached at the inclusion of the 10th variable. Eight of
these variables were included in the first 10 in the discri-
minant analysis between the racial groups.  Thus, in spite of
the lack of correlation between the rank numbers, virtually
the same subset of biochemicai vartables appears to be impor-

tant in the two procedures.

The first variable to be included was serum carotene.
It is interesting to note that the simple correlation between
serum carotene and the function of nutrient intake B (y), is
the same value (0,53) as that observed (Table XX) beéween
intercriStal width and the canonical function of nutrient in-
take g (y). The fact that serum carotene is selected first,
makes éood sense. Carotene is one of the few nutrients
which occur in the blood serum and cannot be synthetized by
the body. It seems, therefore, reasonable that it should be

closely related to nutrient intake.

a=Globulin, which was.the first Variable to be included
in the discriminant analysis; is the second variable to be
included in the stepwise regression analysis. (It is, how-
ever, only ranked 8th ih absolute importance, when judged by
the modulus of the canonical coefficient, (see column 3 of
Table XXII); The placing of this variable is at first some-
what puzzling. The result would appear to indicate that a-
globulin is related to nutrient intake, whereas we have re-
garded it (Chapter 5.4) as a measure of infection caused by
an inflammatory condition. The apparént relationship between
a-globulin and nutrient intake has an- interesting explanation.
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It has beeh‘shown by various research workers that malnutri-
tiqn and infection go hand in hand. For example, Wittmann
et al. (1967), found in a study of Coloured fémilies at Bonte-
hedbel, Cape Province[ a negative correlation between nUtriQ
tion status and infectious diseases. Various research work~ -
ers have shown that gastroenteritis and other infections
| occur frequently and have a high morbidity and mortality,
_particularly in malnourished children. It would, therefore,
appear that the relationship between the.canonical function
of nutrition status and o-globulin can be explained as fol-
lows: A low level of nutrient intake for certain children
has resulted in a lowering of resistance and hence an in-
creased level of infections and inflammatory conditions.

This in turn has resulted in raised o—globulin levels.

If our interpretation of the above relationship is cor-
rect, it forms an interesting example of how a correlation
can be found between two'variables, not because they are
_directly'related £o one another, but because both are related

to a third variable.

Chapter 7/.......



CHAPTER 7

RELATIONSHIP BETWEEN SETS OF "CONSEQUENTIAL" VARIABLES

7.1 Relationship between the somatometric and the biochemi~

" cal variables

We have already dealt extensively with the somatometric
and the biochemical variables and have shown how both these
disciplihes are related to nutrient intake. If this be the
case, it is only'reasonable to suppdse that these two disci-
plines would be related to each other. 1In order to investi-
gate this aspect, the canggicaltconglatiOn coefficients were
.calculated between the somatoﬁetric variables and the bio-
chemical wvariables. Once again this was done firstly on the
raw data dealing with each racial group separately, and then
with the data on all races combined. The results are shown
in the ¢oper half of Table XXIII. 1In general, the first
canonicai éorrelation,is somewhat higher for each race group
than that found between the dietary and the somatometric vari-
ables or the dietary and the biochemical variables. It was
highest for Whites (0,74) and lowest for Bantu (0,58). As
previously, the remaining canonical correlations explain
quite a high proportion of the relationship, particularly in
the case of the Asiatics. The suggestion that the somatohe—
tric and biochemical Sets of variables are more closely re-
lated than either the nutrient intake and'the'somaﬁometric,
or the nutrient infake and the biochemical variables, is also
reflected in the trace correlation which ranged from 0,28 to
0,37. 1In every casevthe trace correlation differed highly

significantly from zero (Table XXIII).

The éartial canohical»correlations were then calculated
as in Chapter 6.3 with the effect of age partialled out.
These results are shown in the lower half of Table XXIII.
It can be seen that, in general, the partial correlation co-
efficient with the effect of age removed, is someWhat smaller
for each récial group than the ordinary canonical correlation.
When,‘however, particularly in the case of the Whites, the

data for all racial groups is combined, the two coefficients
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remain'the same.,‘As pointed out in Chapter 6; this can pro-
bably be explained by the fact that the pooled data in re-
spect.of the biochemical variables have'a considerably greater
scatter than that for any given racial grbup. The.trace corre~
lation ranged'from 0,24 to 0,34 and is, in every case, slight-
iy.smaller after the effect of age has been partialled out.

It is, however, in each case somewhat larger than the trace
chrelation between the nutrient intake and the somatometric
variables.aftervthe effect of age was partialled out. In

_every case it still differs hithy significantly from zero.

’Since we have already indicated that both the somatome-
tric and biochemical variables form reasonably good estimators
bf;nutrient intake, this relationship between these two sets’
is only to be expected. It - is, however, encouraging since it
would imply thet in situations where it is desired to essess.
nutrition status by the Cheapest and simplest procedure, the
»4meaSuremen£ of the somatometric Variables may well provide

adequate information.

Chapter 8/.......



CHAPTER 8

A FACTOR ANALYTIC APPROACH

8.1 The relevance of a factor analysis model

In Chapter 3, a review was given of applicable multiva-
riate statistical techniques, and in the preceeding chapters
we have delved heavily into the available statistical metho-
dology. We have used techniques_fOr studying the interrela-
'tionships between two sets of variables in Chapters 6 & 7.

We have uéed techniques for discriminating between two or
more groups in Chapter 5. One of the techniques for studying
interrelationships amongst a set of variables, viz. a princi-
pal component analysis was used in Chapter 4. The remaining
technique for dealing With this type of problem is, as was
mentioned, a factor'analysis. Thus far, we have hesitated

in applying this procedure. We pointed ou£ previously (Chap-
ter 3.3), that it was based on rather stringent assumptions.
One of the most important was that it should be possible to
postulate in advance that certain factors exist, which cannot
be observed explicitly, but which are measured by the varia-
bles. At the commencement of our study, we.had no indication
that suchvfactors existed. The work of the préceeding chap-
ters would, however, seem to justify the assumption that

physiological factors do in fact exist.

In Chapter 4, we were able to demonstrate that in the
somatometric variables there were three principal components
which could be identified with the physiological aspects of
general body séZe, body fat,and soft body tissue. |

We could detect in the biochemical variables a total of
four components reievant to protein status and the degree of
exposure to antibody producing infections; circulating serum
body fats and fat soluble vitamins; nicotinic acid metabolites
and water soluble vitamins. ‘In the haematological variables
two components relevant to the capacity to absorb oxygen-ahd

the capacity to combat infections could be identified. 1In
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the dietary variables three components emerged which were in-
dicative of the kind of diet which was eaten. It seems,
therefore, reasonable to accept that physiological factors

exist such as could be described by a factor analysis model.

8.2 Problems arising out of the presence of various age

grOUES

The type of problem which could arise due to the vari-
ables having been measured on children of various age groups,
has already been detailed on various occasions. Whilst many
of the variables studied are clearly related to age, it would
appear, on the basis of the analyses presented above, either
that age does not adversely affect the statistical procedure
(as in the case bf the discriminant analyses reported in
Chapter 5), or that the effect of age can be partialled out,
or removed in some other way, (as in the case of the canoni—.]
cal correlations in Chapter 6). The effect of age on a fac- {
tor analysis are, however, not yet clear. For this reason
we have followed three analytical procedures. In the first,
the effect of age was ignored, in the second, age was inclu-
ded as a variable, and in the third, the effect of age- was

partialled out of the correlation matrix..

The results of the first two procedures were so similar

.that they will be discussed together below:

8.3 Factor analysis on all variables for all racial groups

showing the effect of including age as a variable

The computer.pfogram used, both in this analysis and in
those which follow, performed a principal factor solution
followed by an orthogonal rotation of the factor matrix (Dixon,
1968, p.l69; Harman, 1967, Chapter 8). The factor analysis
was applied to all the relevant variables (Nos. 2 and 4-61 of
‘Table V, Chapter 2.5) for all four racial groups. In the

first analysis, the age variable (No. 2) was omitted.
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From the principal component analysis presented in Chap-
ter 4, a_total of 12 factors could be expected in the varia-
bles of the four disciplines.  In order to get an independent
confirmation of the numbers of factors which could be expec-
ted, the eigen values were calculated. It was found that
there were 1l eigen values greater than 1. A factor analysis
was, therefore, carried out and 11 factors were ektracted.
The squared multiple correlations were used to provide ini-
vtial communality estimates, and iterative rotations of the
- factor matrix were carried out until a criterion for conver-
gence was met. The criterion fequired that in four succes-
sive rotations the change in the sum of the factor loadings
be less than 10-7 (Dixon 1968, p.l177). Six rotations were

necessary.

The results for the first 10 factors are shown in Table
XXIV. The eleVenth factor had only one high- loading (0,70)
on mixed protein. It would thus appear as if too many fac-
tors were,extracted; The last factor was, therefore, omitted
in the table and only 10 factors were extracted in the subse-
quent analyses. The variables and. relevant factor loadings
have been listed in the body of the table in the order of the
modulus of the factor loading. In each case, one or two vari-
ableé with low loadings and unimportant to the particular. fac-
tor, have been tabulated to show the relative size of the fac-
tor ldadings; these are separated from the larger loadings. by
a dotted line. This line has been drawn where, if evident, a
~sudden fall could Be discerned in the modulus of the factor
loadings, or where the factor loadings'fell below 0,5. At
the head of each factor the applicéble physiological interpre-

tation as we see it, has been given.

In the second place the analysis was repeated on the
same data Set but including age as a variable. This time, 10
factors were. extracted and 7 rotations of the factor matrix
were necessary to meet the convergence test. The results are
tabulated in Table XXV. It can immediately be seen that there
is a remarkable similarity in the two sets of results.
' 108 /.. ...
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In both cases the first factor is one of general body size.
The same variables appear with similar factor loadings, and
in almost the same order.v The loadings which may be inter-
preted as the correlation between the factor and the varidble
are, however, positive in the analysis where age was ignored,
and negative in the analyéis where the age was included as a
variable. There is also a faster fall off in the modulus of
- the loadings in the former analysis than in the latter. Al-
though the factor relates to general body size, it can be
seen that the variables indicative of tissue body fat have

also been listed, but with considerably smaller loadings.

In both cases the second factor relates to circulating
serum body fats. Once again, the same variables are involved
in almost the same order, and the factor loadings are very

similar.

The third factor in each case, represents food intake,
particularly that of the protein, and energy-producing food-
stuffs. Once again, the loadings in the second analysis are

all negative for this factor.

The fourth factor represents the serum protein fractions.
In the analysis where age was ignored, the globulin fractions
relating to the degree of exposure to antibody-producing in-
fections are given slightly more prominence than in the ana-
lysis where age is included as a variable. The two factors,
hbwever, remain extremely similar. They contain the same va-

riables, but'in a somewhat different order.

The fifth factor in both cases relates to the combatting
of infection. by means of certain Cells‘which are part of the
,differential white cell count. 1In the one case, the lympho-
cytes (which combat antibody-producing infectidns) have a po-
sitive loading, and in the other case the neutrophils (which

combat any foreign bodies in the blood stream).
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In the sixth factor the first difference occurs in the
results of the two analyses. 1In the first analysis (effect
of age ignored), the factor represents the ability of the
blood to absorb oxygen or oxygen uptake. This factor only
comés in as the 8th in the second analysis (age included as
a variable). In the second analysis, the 6th factor repre-
sents the tissue body fat with a very clear demarcation in
the size of the loadings between the three skinfold measure-
vments, and the other somatometric measurements also listed
under the factor but indicative of general body size.

| For both analyses, the 7th factor represents the nico-
iinic acid metabolites. Only in the first analysis, however,
do the 2-pyridone and pyridone/N!-Me variables both have
reasonably high loadings. 1In the second analysis only 2-

| _
?yridone has a high loading.

In the first analysis, the 8th factor is difficult to
label, a result which may be due to the fact that 11 factors
rather than 10 were extracted. As already mentioned in the
- second analysis, the 8th factor clearly fépresents oxygen up-
take.

In the case of the first analysis, the 9th factor repre-
sents tissﬁe body fat and is equivalent to the 6th factor in
the second analysis. The 9th . factor in the second analysis
representé food intake. The emphasis appears to be on_animal
protein foodstuffs in this factor, whereas it appears to be
on vegetable protein in the 3rd factor of the same analysis.

For both analyses, the 10th factor clearly represents
protein status as indicated by the sefum albumin concentra-
tion (expressed either as an absolute value, or as a propor-
tion of the'total serum protein). It would appear, since
albumin in both analyses has a considerably higher loading,
that it is prdbably the better of the two indices for esti-

mating protein status.
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The measure of agreement between the two analyses, the
one ignoring age, and the other including it as a variable,
is remarkable. The inclusion of age as a variable in the
second analysis and its subsequent inclusion in the first
factor, implies that the effebt of age has been largely re-
moved from the other factors in Table XXV. This results sug-
gested the possibility of eliminating from the correlation
matrix, the effect of age before the analysis was performed.
The way in which this was carried out and the result obtain-

ed, 1s described below.

8.4 Factor analysis on all variables for all racial groups

with the effect of age partialled out

The pértial correlation matrix was calculated with the
effect of age partialledlbut by replacing each element rij
of the correlation matrix by the partial correlation rij.k
(as defined in (4) in Chapter 6.3). The factor analysis, as.
describedvpreviously in Chapter 8.3, was then carried out on
the partial correlation matrix.- The results have been tabu-
lated in Table XXVI in the same way as previously. All the
factors which occurred in the first and second analyses can
- be discerned in the analysis with the effect of age partialled
out, though the factors are in a somewhat'different-order (as

based on the siée of the eigen values).

In order to facilitate the comparison of the factors,

the physiological characteristics which they represent have
been tabulated in Table XXVII. It is interesting to note that
the first and last factors for all the analyses are identical.
The first representing gemeral body size and the last protein
status. In the third analysis with the_effect of age partial-
led out food intake, however, appears in the 2nd factor rather
than the 3rd, and the serum protein fractions occurs in the
3rd factor rather than the 4th. The circulating (serum) body
fdts whiéh were in the second factor in the first two analyses

occur in the 4th factor in the third analysis.
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The 5th factor represents oxygen uptake which occurred
6th in the first analysis and 8th in the second ahalysis.
" The 6th factor represents the;ability of blood to combat in-
; fection This occurred 5th in both the first and second ana-
lyses. The 7th factor represents tlssue body fat with the
upper arm c1rcumference variable, which we have seen to be
indicative of soft body tissue, also having a reasonably high

loading.

The 8th factor represent$ the nicotinic acid metabolites
which were included in the 7th factor for the first two ana-

lyses.

The 9th factor again represents food intake, this time
perhaps with the emphasis on vegetable protein. In the 9th
factor of the second analysis, a similar characteristic emer-
ged but with the emphasié on animal protein. The 10th factor,
as already mentioned, is identical for all three analyses and

represents protein status.

In considering the results of these three analyses, it
is difficult to select any one of them as having given the
best results. Theoretically, since many of the variables
are dependent ch age, the last analysis (Table XXVI) should
be the most reliable. It is, however, comforting to note
that whether age is ignored or included as a variable, it
does not have any serious effect. Since, in research in the
biocological field, the research worker may often be reluctant
to omit the measurement of variables whose importance has not
yet been established, it is indeed encouraging to find that
a variable such as age, which is so evidently related to many
of the variables (e.g. the somatometric variables descriptive
of general body size) can be omitted from the analysis without

serious loss to the results.

It is interesting to note that the somatometric variables

descriptive of tissue body fat and the biochemical variables
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descriptive of circulating serum body fats, do not occur in
the same factor. The reason for this is probably two-fold.
First, it must be borne in miqd that although all the vari-
ables with the éxception of thé dietary variables, were ‘mea-
sured simultaneously, thefe is a physiological time-lag be-
tween the somatometric variables and?the biochemical varia-
bles. Secondly, it has never been clearly shown to what ex-
tent the circulating serum fats are indicative of total body
fat. The present results may well suggest that they are less
~closely related to total body fat than has sometimes been

suggested.

8.5 The identification of redundant variables

It will be remembered that, when stating our purpose in
Chapter 2, namely, to select an optimum subset of variables
by which nutrition status can best be defined and assessed,
we posed two criteria for the rejection of variables. The
first being to reject "noise" variables, i.e. those variables
that are little related to nutrition status. The second
bFing to reject those variables which, although related to
nutrition status, are so highly correlated to one another

that the measurement of both is unnecessary.

It would appear that the variables which have been group-
ed together with high factor loadings for a particular factor
measure the same aspect to a large extent. This can clearly
be seen in respect of those variables indicative of general
body size. These were height, cristal height, ulnar length,
weight, biacromial width, intercristal width and calf circum-
ference, all with a factor loading whose modulus was in ex-
cess of 0;60. Clearly, if we wished to select an optimum
subset of these variables for the purpose of measuring gene-
ral body size, the fifst two or three would be sufficient.

In a similar way an optimum subset of variables could be se-
lected for each of the other factors. The actual selection

of variables of any given survey would depend on which factors
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were of interest and how accurately each of them needed to be
measured. The replicating of information by different disci-
plines would also have to be considered. We will pursue
'this line of thonght further when summing up the resulté of

all the statistical anelyses inVChapter 10.

The factor analysis should;‘however, also be able to make
a centribution in respect of identifying those variables which
are unrelated to thevgeneraliinformation contained in the data
set. These are the variables with low communalities after
the final rotation of the factor matrix. They havevbeen rank-
ed in Table XXVIII in the order of increasing communalities
for the first 14 variables. The 3rd column of the table
identifies the relevant disciﬁiine,.whilst the last three
columns show the rank number of the particular variable for
the three analyses in which the effect of age was ignored

included as a variable; or partialled out.

.It can be seen that a high measure of agreement exists
between the last two techniques. The order obtained for the
first analysis in which age was ignored disagrees markedly
qfter the first three variables. The reasons for this may be
twofold. It is probably due to the "age effect" on the vari-
ables, wnich has not been taken into account. It could, how-
ever, be partly related to the fact that in the first analy-
sis we extracted 11 factors, whereas only 10 were extracted

in the other two analyses.

-In the nnlikely event of the different order being due
to some extent to the difference in the number of factors ex-
tracted, the results would be highly‘variable and would,
therefore, have limited value. Although this is probably not
the case, we will confine our attention t¢ the first few vari-

ables.

All the variables were initially selected with a view to
assessing nutrition status. The variables with low communa-

lities will, therefore, be unrelated to nutrition status, but
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may have value. in assessing the clinical condition or general
health of the child. They should thus be carefully considered

before being rejected in any future survey.

The first variable was the monocyte count. Monocytes
also combat foreign bodies in the blood stream but have not
been included in any of the factors for any of the analyses.
The second variable is the total white cell count. White
.cells, have likewise, nevér had a high loading. The third is
eosinophils, which are involved in combatting parasitic in-
fections or allergies. Both monocytes and eosinophils were
included in the 3rd principal component in the principal com-
ponent analysis on thé haematological variables, but appear
to be less important in the overall context than lymphocyteé

and neutrophils.

The fourth variable is mixed protein. Whilst this is a
nutrient intake variable, it is clearly a very poorly defined
one since, when a food is classedvas a mixed protein, this is
in effect an admission that the dietician was unable to deter-
mine the proportion of animal to vegetable proteins in the
food. It is, therefore, not surprising that this variable

would be unimportant in estimating nutrition status.

The further sequence of the variables can be seen from
Table XXVIII. It would appear reasonable, if variables are to
be rejected, to consider those which appear early in the

" table as the first candidates.

8.6 Biological applications of factor analysis

As stated in Chapter 3, many variations of the factor
analysis technique have been developed, and we have used only
one of them above. Whilst the applications of factor analy-
sis in psychology where this technique had its origin, are
legion, relatively few applications in the biological sphere
can be traced in the literature. Such applications have,
"however, covered a wide field as will be illustrated by the

examples given below: 120/
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Sokal and Daly (1961) e.g. have used a factor analysis

" to study inéect behaviour. A total of 19 biological variables
were measured on six species of insects. These were of two
'kinQS; those involving the pulsation of the heart orvgut,'
and those involving fleeing reactions of the insect when ex-
posed on a glass surface. - Six physical variables were measu-
red concurrently with the biological variables. The authors
note six factors that'appeared to "cause" most of the corre-
lations observed in the study. Two of.these related to phy-
sical aspects and four related to the type of insect or its
locomotion. They concluded that: ".... at least some of the
factors could be reified to meaningful physical and biological
variables while the unidentified factors served to indicate

the need for further enquiry".

Wallace and Bader (1967), have used a factor analysis to
investigate 27 dental and cranial measurements-in the . house
mouse. They were able to identify five common factors with
respect to the 27 variables which they concluded were related
to width, anterior length, posterior length, skull and "M3".
They concluded that their analysis yielded "a more general
view of the forces, or morphogenetic fields, affecting tooth
size and interrelationships than can be obtained from the

individual correlation coefficients".

Rohlf and Sokal (1962) have.used the factor analysis
technique to assist in the description of taxonomic relation- -
ships. They illustrated the technigque on data arising out of
a study of the hoplitis complex of bees, and conclude that
the factors resulting from the analysis correspond in most

cases to the previously established taxonomic groups.

Pearce and Holland (1960), discussed the application of
a factor analysis to problems of fruit tree growth and crop-
ping, and concluded that multivariate methods such as factor
analysis, could lead to a better understanding of the tree as
a whole. Gould (1965), has used a factor ana;ysis technique

to study evolutionary patterns in pelycosaurian reptiles.
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_ Kraus‘and_Choi (1958) studied the prenatal growth of the
human skeleton by means of a so-called factorial analysis,
using the simplified method for the calculation of principal
component§ put forward by Hotelling (1936). They concluded
that the long bones of the human foetal skeleton are under a
"major regulatory control" whichvthey called the principal
component but that there were, in addition, "regional charac-
teristics of grdwth" which were under the influence of

"secondary factors or components".

Doll and Bukatsch (1952), used a factor analysis to study
age standardised mortality from various causes for a number of
towns in England and Wales. We have already referred (Chapter
4.5) to the work of Burt and Banks (1947). who carried out a
factor analysis of body measurements for British adult males.
As we pointed out, there is a similarity between their results
and the results of our principal component analysis on the

somatometric measurements.

TheAabove give some idea of the heterogeneous nature of
factor analysis applications in the biological field. The
technique has, however, ﬁeVer to our knowledge, been .used be-
fore to aid in the selection of an bptimum subset of variables

by which nutrition status can best be assessed.

Chapter 9/......



CHAPTER 9

A.CLUSTER ANALYSIS APPROACH

The technique of cluster analysis was described in Chap-
ter 3.4. It was pointed out that there are basically two
types of cluster ‘analyses. The first represents an attempt to
cluster subjects into groups so that in terms of the observed
variables the differences in subjects between groups, will be
much larger than the differenceswithin groups. The second
'form‘Qf cluster analysis is one which aims at grouping together
variables which measure the same or a similar characteristic.
The application of the first form of cluster analysis viz. the
clustering of subjects could be applicable to our present data
set. It would represent an attempt tovcluster the school chil-
dren into different'physiological types in respect of the ob-
served variables but this is outside the scope of the present

report.

It is, hbwever, of interest to assess to what extent the
variables measured can be grouped together on the basis of the
information they contain. This approach will be discussed be-

low.

9.1 The rationale for clustering variables

The concept of clustering variables is not new to our
study. This, in a sense, is what we have done in'Chapter 4
by means of the principal component analyses. We have identi-
- fied those variables which can be associated with a particular
principal component. These are the variables'which collective-
ly measure a particular characteristic, and we have.seen that
in many cases this characteristic has biological identity.
The concept of clustering variables was further developed in
the factor analyses dealt with in the previous chapter. Here,
on the basis of previous results, we presupposed the existence
of factors and then demonstrated how these could be identified
in terms of the observed variables. The factor loading, which
is the correlation between the factor and the -observed varia-

ble, provided an indication of the impoftance of the variable
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in describing the factor.

The tedhnique_we will now follow, however, has certain
important differences. Firstly, it requires none of the strin-
gent assumptions which are inherent in the factor analysis ap-
proach. Secondly, the variables will be grouped in clusters
in such a way that the position of each variable is unique.
That is to say, a variable will oceur in one and only one
cluster in contrast to both the principal component analysis
and the factor analysis which permit a variable to have a high
loading on‘mbre than one factor. 1In a sense then, clustering
of variables implies the identification of a "simple" attri-
bute which can be measured explicitly in terms.of one oOr more
variables. This is of course contrary to one of the basic

assumptions in factor analysis.

A third difference between the clustering of.variables
and the techniques we have used previously, is that, when
using a cluster analysis approach, it is possible to observe
nested groupé of clusters. Thus, we might have two small
clusters each measuring a specific attribute, which combine

together to form a larger cluster with a composite attribute.

The cluster analysis_procedure,does,_however, also have
distinctive disadvantages over those which we have used pre-
viously. Computationally, the cluster proéedures-have not
been well worked out and tend to proceed in -a soméwhat clumsy
and time-consuming fashion. As such they form a distinct con-
trast with the elegant mathematical procedures of principal
component or facﬁor analysis. Because of this; cluster proce-
dures tend to use a great deal of computer time and, are there-
fore, costly to use. The analeis which we are about to des-
cribe ran for 45 minutes, fast core, on an I.B.M. System 360
Model 65 computer, and cost some 15 times more than a compara-
ble factor analysis. Because of this, the analysis was only

run once although a variety‘of approaches are possible,

124/ ceeeenn
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The program used, (BMDPIM), was one of a new BMD series
(Dixon, 1968), written in the Health Sciences Computing Faci-
lity, UCLA but not yet published. It was designed to produce
"a cluster analysis of variables by.associating those variables
which are highly similar in "clusters". Each cluster in turn, -
is treated as'avsingle variable and associated with another
variable to produce a new cluster. Similarity between the

variables is judged on the basis of a distance matrix

dij = 50(1 L | (1)
' where rij is the correlation between the i—th and j=th
variables. The algorithm in the clustering procedure, de-
fines the two moét highly correlated variables (i.e. those
with the smallest distance between them) to be a cluster.

It then regards this cluster as a simple variable and again
finds the two variables which are closest together in terms
of the distance function. This procedure is continued itera-

tively until all the variables have been clustered.

9.2  Results of cluster analysis applied to all variables for

all racial groups

The cluster analysis procedure was applied to all vari-
ables for all racial groups. The results have been summarised
in Table XXIX. The use of the table requires some explanation.
The variables with appropriate identification numbers are ta-
bulated in a specific order, with those variables which form
part of the same cluster close together. To the right hand v
of the variable numbers, the matrix of distances has been
printed. I1f, for example, we wish to observe the distance be=-
tween biacromial width (No. 24) and weight, (No. 20), we would
start from the point where the diagonal line meets the horizon-
tal line associated with biacromial width and proceed up the
line (in a north-easterly direction, assuming north to be at
the top of the table), until we intercept the horizontal line

associated with weight. At this point, a distance of 5 can be
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TABLE XXIX  ; CLUSTER ANALYSIE OF ALL VARIASLES TOR THE FOUE RACIAL GROUPS
USING THE GISTAICE MFASURE 50 (. ~COWNELATION!.
(YARIAMLE HO'S TN RRACKETS) .

MEASURENENTS

TOMETRY

eneral
3ody size

i

Weighy {2n) 2 38 34 33 36 37 36 43 &5 42

Calf circomferet.ce a7 34 38 36 36 38 43 43 42

Upper orm circumference (251 40 38 38 40 44 45 44

Skeletal rwasuremcnts

4

Intercristal width

Height

Cristal height

vlnar length

Biacromial width

e
a

Dl

iss

o
“8
a

Para~umbi)ical skinfold

Subseapularskinfold

Triceps akinfold

take

VARLABLES
In

DIETARY
Food

Far
calories
Protein
Phosphorus
Thiamine
Hicoriric acid
Calcium

Ribof lavin
Animal ;lntein
Carhohydeate (10)
Vegetable protein
fron

Vitamin A

Vitamin C

fi-ylobulin

Mixed Protetn

BIOCHEMICAL VARIABLES

Fats and
Fat scluble
wvitamins

Serum

vitamin A

Carotenc

Chalesterol

Phospholipids

Prorein
Status

Albumin

Albumin/Total protetn

Cholesternl/Phospho~
lipids

vit,
B2

Riboflavin (urinary}

Bevitanins
BS

vit.
metabolites

Pyridone/N'-se
2-Fyridone

HlaMe

MATOLOGIQAL

HAS!

Kombatti
tnfection

Neurrophils

White cells

Monacytes

Oxygen Uptake

llasmatocrit

Haomoglobin

MCHE

MEASURE OF INFECTION

Chrenic

Lotal protein (serum)
Globulin
v-globulin

1-globulin/Total protein(51)

Inflamma-
tory

Scdimentation rate

n-gtobulin

Enzyme
(Starch-
Sugar) .

Urinary amylase

Amylase {serum)

Thiamine {serum}

Alkaline phosphatsse

I
a

0869

gwa s

§oaa

2 3~% | 1norganic phosphorus
5 R

o O | Eostnoptiils

Le &

s o

55 8

o § :c“ Lyaphocyies

56

sp

43 st

49
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read off from the table. The correlation between the two
variables can also be calculated from the table since it fol-

lows from (1)

-In this caser ‘ = 0,90

24 290
’

It can be observed that variables which are close together,
or highly correlated, have been tabulated near to each other.
The diagonal and horizontal lines drawn in on the graph indi-
cate clusters identified by the program. Thus, at the top of
the table, the smallest cluster is that of weight and calf
circumference with a distance of 2, (r = 6,96). This cluster,
however, is nested within the cluster formed by weight, calf
circumference and upper arm circumference with maximum dis-
tance of 4,(r = 0,92). It can be immediately identified as
a parameter of- géneral body size. Just below this, a cluster
representative of the skeletal measurements can be observed
‘stretching as we move down the list of variables, from inter-
cristal width to biacromial width. The maximum distance in
this cluster viz. the distance between biacromial width and
intercristal width, is 7. It appears to represent skeletal

stae.

In a similar fashion, a cluster below this, can be ob-
served which is representative of tissue body fat. Again in
this cluster the maximum distance is 8,(r = 0,84). It can,
however, be seen that the cluster representative of body size,
- skeletal measurement and tissue body fat forms a composite
cluster of somatometric_measurements, with‘maximum.distance
35,(rA = 0,30), representative of the somatometric measure-

ments.
Below this we have a large cluster representative of 14

of the nutrient intake variables. This would clearly repre-

sent food intake. Only mixed protein is excluded from the
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group and this variable, together with B—globulinAis equally
closely related to the somatometric variables as to the dietary
variables. 'The problems relating-to mixed protein have been
‘discussed in Chapter 8.4, and the unsatisfactory nature of .

this variable has been indicated.

Below this, we have a large cluster representing the bio-
chemical variables. Within this are nested clusters relévant
to serum fats and fat-soluble vitamins, protein status and B
vitamins. The latter cluster can be sub-divided into vitamin
B5 (or nicotinic acid metabolites) and vZtamin B2. It can be
seen that all the distance measures between the biochemical
variables in the large cluster’s are less than 50 indicating

that they are positively correlated with each other.

Below this, we have the neutrophils and white cells which
form part of a collection of clusters, consisting of all the
variables already listed. Below this we have monocytes, which
are not related to any specific variable, but can be grouped
with all the remaining variables. Below these, we have a clus-
ter of two variables, haematocrit and haemoglobin which we
have seen (Chapters 4.3 and 8.3) to be indicative of ozygen
uptake. The M.C.H.C., which is in fact a function of haema-
tocrit and haemoglobin, is also related to this cluster_but

not as closely.

Below this, we have a cluster consisting of some more
biochemical variables. The larger cluster reaching from total
protein down to a-globulin, represents the totél protein -and
protein fractions in the blood serum. Within this, are nested
two clusters, oné relating to the y—globulin'fraction which,
as we have seen, is associated with combatting chroniec (anti-

'body—producing) infections, and one relating to a-globulin
and sedimentation rate. We have seen that a-globulin is
thought to be associated with Znflammatory conditions. The
inclusion of sedimentation rate in this clustervis,.therefore,
most interesting, since it is a well-known fact that when in-

fection is present in the body, the sedimentation rate is
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increased.

Below this we have the urinary and serum amylase activity,
forming a small cluster. As we have seen in Chapter 5.4, this
énzyme‘is'responsible for breaking down the dietary starch in-
to simple sugars; Below this we have a cluster consisting of
alkaline phosphatase and inorganic phosphorus, which are both
'_active in bone metabolism and also form parameters of estima-

ting vitamin D status. Below this, we have the remaining
variables in the differential white cell count, eosinophils,
‘and lymphocytes. The former is related to combatting parasi-.
tic-infections,'and the latter to combattiﬁg antibody-produ-

cing infection.

It is evident that a simple ciustering procedure such as
we have used can produce a remarkably coherent and clear cut
\indiéation of the interrelationships amongst the variables.

The similarity between these results and those obtained both in
the principal component analysis for each racial group (Chap-
ter 4) and the factor analyses carried out on all racial

groups (Chapter 8) is striking and will be discussed below.

9.3 Comparison with previous results

Since the principal component analyses were carried out
on each discipline individually, they are more likely to bring
out detailed characteristics than the factor or cluster ana-
lyses which were done on all disciplines combined. We will,
therefore, mostly confine ourselves to a comparison of the
cluster analysis results with those obtained for the factor

analyses.

If we compare the summary in Table XXVII with Table XXIX
‘we can see that each factor mentioned in the former can be
found in the latter. The cluster analysis, however, permits
oObserving the factors in greater detail. In the factor ana-

lyses, for example, the factor of serum protein fractions
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emerged in all three analyses. It was the fourth factor in
the first two analyses and the third factor in the last factor
analyéis. In ' the c¢luster analysis, howevér, we note that a
further dichotomy of the variables is possible into those re-
1atihg to chronic (antibody-producing) infections and those
relating to <nflammatory conditions. Furthermore, sedimen-
tation rate, which is known to relate to inflammatory condi-
t}ons, has been included in the cluster analysis.  The cluster
apalysis was unable to separate out the concepts of general
body size and soft body tissue or musculature, but then,
-neither was the factor analysis. These were oniy discernable

in the principal component analysis carried out solely on the

" somatometric variables.

The comparison of the factor analysis and cluster analy-
sis techniques is interesting. As we have observed, the fac-
tor analysis permits (at. least in theory) the measurement of
'a complex factor which cannot be explicitly measured. In this
process 'a variable may, in fact, be likely to contribute infor-
matioh oh more than one factor. In the cluster analysis, how-
ever, the concept which is measured, ié one which can be uni-
quely expressed by a group of variables,.and these variables

are not related to any other concept or factor.

Whilst the factor analysis model is probably nearer the
truth in a biological problem of this kind, it would seem,
since we have been able to name every cluster produced in the
cluster analysis, that biologists, in general, are used to
thinking in terms of simple rather than complex factors. Both
.therability to postulate complex factors, and then to unravel
these by means of a factor analysis, must of course be credited
to the psycologist. He can postulate concepts such as arzth-
.metic ability,:intelligence, memory and then devise a series
of tests, none of which can specifically measure any of the
concepts he has‘postulated, but each of which measure a pro-

portionate part of a number of concepts.
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It would seem possible that such a situation could well
exist also in the biological field in terms of the variables
we have been studyihg but, by and large, the results of the |
factor analyses seem to . suggest that the biological situation':
‘can be adequately descrlbed by szmple rather than compzox

factors.

The factor analysis provides some indication of the re-
dundant variables based on a study of the communalities. It
is interesting to note that the variables with low communali-
ties (Tables XXVIII) are usually those with a distance mea-
sure in the.regibn of 50 from all other variables in the clus-

ter analysis (Table XXIX).

In general then, it would appear that.the two techniques
of cluster analysis and factor analysis ere, to a considerable
degree, compZemeﬁtary the one te the other. If, however, only
one of the two techniques is to be used, then factor analysis |
has little to offer which is superior to cluster analysis, ex-
cept computational facility. The stringent underlying essump—
tions associated with the fector analysis model must, further-
more, be held against it. The cluster analysis, in comparison,
is conceptually simple. It ingolves a straightforward (if
somewhat lengthy) procedure and gives a clear cut and unambi-
guous end result. According to Engelman (1972), it should be
possible to improve the speed of the cluster analysis proce-
dure 20 fold by a refinement of the computing procedure. This

would make it an extremely useful and usable technique.

The present study is, to our knowledge, the first in which
the techniques of factor analysis and cluster analysis have
been compared on a large number of biological variables asso-
ciated with a variety of disciplines. The similarity in the
results -would. seem to suggest.that both techniques are reli-

able in the basic information they reveal.



CHAPTER 10

GENERAL SUMMARY AND CONCLUSIONS

Whilst the primary purpose of this study has been the
solution of a biological problem'relating to the choice of
variables for the assessment of nutrition status, the work
has yielded an interesting illustration of the usefulness and
reliability of a number of multivariate statistical techﬁiques.
This aspect'will'first_be dealt with before the biological im-

portance of the results is discussed.

10.1 The reliability and comparability of the multivariate.

statistical procedures

The data set on which the present study is based has pro-
vided a useful means of demonstrating both the potential ‘and
the limitations of a number of statistical techniques. It was,
‘as we have pointed out in Chapter 2, based on representative

" samples of Pretoria school children in the age range 7-15 years
from the four racial groups. Care was taken to obtain a ran—,
dom sample stratified according to age, sex and race, and no
effort was spared to ensure that the response to the sample
was as complete as possible. The recording of the variables
was carried out with care and the techniques of assay or mea-
surement used, were the most reliable available at the time.

We had thus, a coherent and meaningful data set in which a
volume of biolbgical information was hidden. The extent to
which this information has been deciphered is, at least in
‘measure, a patent commentary on the value of multivariate sta-

tistical methodology.

Viewed in this light, the value of the stepwise discri—
minant analyéis has been clearly demonstrated. The fact that
differences eould be established between, for example, the
White and Bantu racial groups on the basis of their somatome-
tric variables, notwithstanding the dependence'of many of the
variables on age, is a tribute to the inherent robustness of

the technique. Its power to detect proportional differerces
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in the Variables, has, as far as'we.know, not been noted in
the literature. The ability of the discriminant analysis to
identify the White and Bantu racial groups on the basis of

such differences has, however, béen clearly demonstrated.

i The results have, fﬁrthermore, served toc show the inhe-
rent similarity between the stepwise regression analysis and
stepwise discriminant analysis pfocedures. They have also
served to high-light an important characteristic of both these
procedurés,:which'has, on occasion, led the biological re-
search worker to misinterpret his results: The sequence

in which the variables are included depends on the amount of

n n

new" information which each can contribute, and is not rela-
ted to the absolute importance of the variables in the rela-
tionship which is being studied. The study has shown that a
discriminant analysis is an intelligible, stable and highly
useful statistical procedure, which has wide application in

the biological field.

The study of the relationship between causal and conse-
quential sets of variables has provided_an interesting demon-
stration of the usefulness of the canonical and trace corre-
lation coeffictents. Since it is incumbent upon the biclogi-
cal research worker to tread warily, for fear bf spurious
relationships, the'fécility provided by the partial canonical
and trace correlation coefficients for removing the effect of
é variable such as age (which might have been responsible for
a spurious correlation), is indeed.a valuable one. This sta-
tistical procedure is relatively new and unknown, but should
have wide range of,application in biological research. The
use of the stepwise regression analysis in conjunction with
the canonical function, which as far as we know has never been
done before, has provided an interesting example of how two
statistical techniques can be combined to throw light on an
important aspect. Were it not for the facility provided by
the combination of these two tests, we would not have been

able to derive the result (to be discussed more fully in the



133.

following section), which suggest that differences in skeletal

proportion may have a nutritional origin.

The best insight into both the pitfalls and potential of
multivariate statistical techniques has, however, been obtain-

ed from the principal component, factor and cluster analyses.

The consistenéy of the faector analysis procedure in the
three analyses which were cafried out, in which age was igno~-
~red, included as a variable, or partialled out of the correla-
tion matrix, is highly satisfying. Clearly, this result does
not permit any form of generalisation, but it may be a com~
-forting thought for the biological research worker that even
if there is some unknown variable which he cannot measuré,
which is related to the variable he is studying, it may after

all not have too disturbing an effect on his results.

We have described in Chapters 3 & 4 how a principal com-
ponent analysis 1is essentially a mathematical procedure for
breaking down a covariance or correlation matrix into a set
of orthogonal components or axes. It is thus'basically a
technique which assumes that the Variation observed, is mainly
due to the component having a characteristic effect on each of
the variables. 1In contrast, the factor analysis attempts to
take into account the possibility of extraneous variation.
This is indeed the purpose behind replacing the "ones" in the
diagonal of the correlation matrix with the so-called communa-
Zities} These communalities would represent the proportion
of the variation df each variable which is due to factors
operating on some or all of the other variables. The rest of
the variation is assumed to be due to chance (Pearce and
Holland, 1960). | |

The methods used for determining the communalities have,
on occasion, been'severely criticised. For example, Ehrenbkberg
(1962) states " ... the ’'best’ communality cannot be determined

easily, if at all. A good many rules for choosing some number
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or other have been invented, but these rules all tend to give

different answers".

We have no intension of going into the many varieties of °
factor analysis procedures, much less of presenting a case in
their defence. The results of our investigation can speak for
themselves. In our analyses, the principal component analyses
and the faétor analyses were not carried out on the same data
set, and are therefore, not directlyICOmparable. The simila-
rity. of the results of'the two procedures is, nevertheless,
qguite remarkable. What is even more remarkable, however, is
the extent to which the results of the cluster analysis, which
was done on the same multidisciplinary data set as the'faétor

analyses, compare with the results of the factor analyses;ﬁ¢f

The principal component analysis is an elegant mathemati-
cal procedure. The factor analysis is even more sophisticated
and dependent in addition, on stringent assumptions, In con-
trast, the cluster analysis is, at best, an empirical and
ratﬁer pedestrian procedure for "making sense" out of the
correlation matrix. And yet, the strength of the procedure
lies in its simplicity. It is conceptually so straightfor-
ward that it can be clearly described and understood, even by
the non-mathematical research worker. Since it makes no
assumptions, there are none which require defending.' Yet, as
we have seen, it has given basically the same information as
the principal component or factor analyses. Our results then,
are encouraging in that the three procedures present a coherent

and interpretable result or series of results.

The factor analysis procedure may have a usefulness over
the other techniques in respect of the problem of rejecting
redundant variables. This aspect will be dealt with more

fully in the following section.

We have pointed out that a factor analysis tends to mea-
sure complex factors (where one variable may be related to

more than 'one factor) while a cluster analysis displays
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simple factors.

!

fo a certain extent,‘therefore, the technique of cluster
analysis appears to be supplementary to that of either a prin-
cipal component or factor ahalysis.- If possible, it would be
useful to Cérry out a cluster analysis in conjunction with
either a principal component or: factor analysis. There is,
howeyer, a considerable measure of duplication in the results
they provide. Hence the calculation of both procedures may
not always proVe economically justifiable. As far as the
choice between.a principal component or factor analysis is
concernedﬁ‘,wé cannot, as we have stated, make a direct com-
parison between éhe_results of these two procedures. Our re-
sults do however, tend to raise:é question whether the greater
sophisticétion of the factor analysis procedure is really
justifiéd;: in the context of the problem we are studying, the
answer (except for the possibility of eliminating redundant
variableé,on the basis of low communalities), might well be

in the negative.v Perhaps some of the critisms levelled at
factor analfsis would never have been made, had its exponents
showed more restraint or been more selective in its applica-

"tion.

Having eXpressed some doubt as to the necessity of carry-
ing out the'factor analysis, we must hasten to point out that
the combined contribution of the three procedures has provided
results which are of real value to the biologist. This aspect

will now be discussed.

10.2 The biologiéal importance of the results

Before gbihg oﬁ to discuss the biological importance of
the results, it is Well to note in passing that there are cer-
tain factors outside the control of this study which may af-
fect iés vélidity. Firstly, the result must in the final
Acount, be g function of the variables observed in the survey.

No statistical procedure can present information relevant to
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a variable wh%ch has been omitted from the data set (though it
is possible that a procedure might suggest that not all the
relevant variables had been included). To what extent then
could this aspect have influenced our results? As far ae the
somatometrlc varlables‘are concerned, the variables measured
were those which could most readily be taken and which are
best known The sklnfold.measurements were, however, taken

on the left s;de_ef the body (Smit, 1968,p.108), whereas it

is CUStomary to take them on the right side. It is not, how-
ever, likelyhthat this could affect the predictive capability
of the variables. As far as nutrient intake is concerned, the
intake Qf"most, if not all{ known nutrients was measured. The
situation is less clear cut for the biochemical variables but,
it would appeaT’that most of the well known biochemical para-
meters have-been measured. - The same would appear to be true
for the_haemetoldgical variables. It would therefore appear
that on the whele, we are safe in assuming that most, if not
ail, of the pbtentially useful variables for estimating nutri-

o . .
tion status, have been included in our data set.

”There is, however, a further poSsibility for error, viz.
if too many redundant variables which happen to relate to the
same or similar aspect, have been included, these may bias our
results. This is difficult to assess. If we knew which vari-
ables Were.redundant, we would not be faced with the problem
of selecting an optimum subset. We can only say that the vari-
ables‘selected, represent an honest attempt at choosing all
known variables thought to be relevant to the problem of assess-

ing nutrition status.

There is.e further aspect which can effect the validity
of durttesuits.l If, for example, all the children in the
samples takeh from each of the racial groups had an optimum

~nutrition status, then the variables which measure nutrition
status woﬁld all be relatively constant. It is necessary,
therefore,ethét a range of nutrition levels should occur in

the pepulation we are studying, before we can detect a rela-
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ship between the level of nutrition and a particular variable..
Since we have covered four racial groups which vary consider-
ably in respect of socio-economic status and dietary habits,
it seems highly likely that a sufficiently wide range of nu- -
trition stétus levgls will have been observed. We have re-
marked earlier that the racial groups did not differ markedly
in respect of protein status. This would explain why in the
factor analyses, the best biochemical estimator of protein
status viz. serum albumin, only came out as the 1l0th factor.
The quality of our investigation could have been improved had
- the sample also included overtly malnourished children, but
the range of nﬁtritional levels observed is probably wide

enough for reasonably reliable deductions to be made.

Having put forward the above reservations, we can now
proceed with a discussion of the biological implications of

the results.

In general, it woﬁld appear that principal component ana-
lyses have played a useful part in identifying_the biological
characteristics measured by each discipline. The procedure
was highly successful in the case of the somatometric vari-
ables, where some 93 bercent of the variation was explained
by three clearly definable and intelligible components. Thus,
if we measure the most imporﬁant variables of these components,
we can rest assured that we aré obtaining almost all the infor-
mation concerning the way in which one individual differs from
another. The consistency of the result across the four racial

groups would imply that the results are generally applicable.

The-principal component analyses further provided insight
which assisted in interpreting the result of the discriminant
analysis between the White and Bantu racial groups. The find-
ing ihat these groups differed primarily in respect of skele-
tal proportion should be of considerable value to the biolo-
gist. This result has never, to our knowledge been demonstra-

ted in this way. The further application of a canonical ana-
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lysis, followed by a stePWise regression analysis (Chapter
6.4) which suggested that thé same difference in skeletal pro-
portion Céuld be related to nutrient intake, has served to
prov1de further evidence on a highly controversial 1ssue, viz.
whether dtfferences between the various vacial groups are

prlmarzZy nutritional or genetic in origin.

The finding when, considering the biochemical variables,
that the four racial groups differed primafily in respect of
the parameter known to relate to inflammatory conditions, is
1nterest1ng - This result had hltherto, not been mentioned in

reports on the Pretoria surveys.

The clear differentiation between the racial groups which
was possible on the basis of the variables from all the diffe-
rent diéciplines,'is'remarkable and should stimulate further -

research into the cause of the differences.

) The cahénical and trace correlations between the nutrient
intake variables and the somatometric variables have provided
an impartial and objective indication that a relationship
existé. This is most usefu; in that it indicates that, in
some measurevatlleast, nutrition status can be estimated by
the sbmatometric variables. 1In a similar way, it has been
shown that‘nutrition status can be estimated somewhat more
accurately'by'the biochemical variables. These are, however,

somewhat more expensive and difficult to obtain.

The three factor analyses have indicaﬁed very strongly
that the various discipiines in themselves tend to form con-
ceptual‘entities, This conclusion is supported by the results
of the cluster analYSls. The disciplines then, tend to supple-
ment each other rather than to replicate the same information.
(The extent to which each discipline measures the same infor-
mation has, of course, been indicated by the canonical corre-
lation coeffient). This result should prove encouraging to

the biologist since it confirms that the categories (disci-

139/.......



139.

plines) which have evolved over many years are, after all,
reasonable and coherent. This is, for example, particular-
1y true .of the biochemical and haematological variables
which are both measured in the blood, but which in the factor

ahalysis have emerged as different, and well-defined factors.

We now come to the main subject of the present study:
To_define thqt subset of variables which should be selected
for the assessment of nutrition status. If the reader is |
hop}ng for a single, final and clear cut answer to this ques-
tion, we fear he Qill be disappointed. Our results, do how-
ever, provide certain guide lines as to what choice should bé

made under a given set of circumstances.

Since the disdiplines tend to supplement one another, it
is clear that if it is desired to assess the nutrition status
to the highest possible degree of accuracy, most if not all
of the,disciplines would have to be involved. Because, how—
é;Er, of the interrelationships which exist as detailed in
the preceding chapters, a reasonable index of nutrition sta-
tus canlbe obtained with fewer disciplines. The simplest and
most direct approach would be to measure certain of the soma-
tometric variables which, as we have seen, reflect the proper-—
ties of general body size, body fat and soft body tissues.
it would appear desirable that each of the three components

should be measured.

The optimum subset of the somatometric vafiables which
best relate to nutrient intake has been indicated in Table XX.
These variables were virtually the same as those which best
separated the White and Bantu racial groups. We would then’
suggest that a selection of the best somatometric variables
be made in such a Way as to ensure that all three components
are represented. For example, intercristal width, bilacromial
width, ulnar length and height could be taken as representing

both general body size and skeletal proportion, which we have

seen, may be affected by nutrition. The triceps and subscapu-



140.

lar skinfold measurements could be taken for estimating body
fat. The upper arm circumference could be taken for estima-

ting soft body tissue.

This represent more than half the somatometric variables,
and it could well be argued that the research worker might as
well measure them all and should at least include weight. One
heed not, thever, necessa;ily follow the above selection. In
the pfincipal component analyéis on the somatometric variables
we found that'the loadings within the components did not vary
greatly in size. Therefore, the choice of a particular vari-
able can, to some extent, be based on convenience. If we

therefore, suggest that weight and height be measured as an

index Qf.general body size, triceps skinfold as, an index of
body fat and upper arm.éircumference as an index of soft body
tissue, we will have a selection of variables which is almost
as good as the ones proposed above, but which can be taken
far more readily, since these measurements can all be observed
without the subject having to undress. (An allowance could be
made for the contribution of the subject's clothes to the
wéight)" v

The'sdmdtometric vartables can, however, only give a
genefal indication of nutrition status and, if a poor nutri-
tion status is observed, will not indicate the nature of the
dietary deficiency. To do this, it would be necessary also
to measure certain biochemical variables. It can be seen
from Table XXVI (Chapter 8.5), that the factors 1 & 7, rela-
ting to general body size and tissue body fat, can be esti-
mated by the somatometric variables. The inclusion of cer-
tain biochemical variables would further péfmit the assess-— .
ment of fa¢tors nos; 3, 4, 6, 8 and 10, relating to serum
protein fractions and antibody-producing infections, circula-

ting body fats, nicotinic acid metabolites and protein status.
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vThe inclusion of the biochemical variables thus repre-
sents a considerable increase in the scope of information
presented but at the same time implies a considerable increase
in the cost. The research wofkér is now faced with a choice:
Does he.wish to measure a few factors with a high degree
of accuracy or a number of factors with a lower degree of
accuracy? In the former case, he would measure all variables
~with high factor loadings (Table XXVI) for those factors in
which he is interested. 1In the latter case, he would measure
only one or two variables with high loadings in each of a num-
ber of factors. This decision can obviously best be made by
the biological research worker in the context of a specific .
problem. It may‘well be that in the population he wishes to
study, he has reason to suspect the existence of a vitamin
deficiency. 1In this case, the inclusion of the appropriate
factor is obviously required. A reasonable general choice of
the biochemical variables would be: serum cholesterol, to pro-

vide an indication of serum fats, the y- and o-globulins to

provide a measure of inflammatory and chronic infection, serum

albumin to provide an indication of protein status and 2-

pyridone with possibly wurinary riboflavin to provide an indi-

cation of vitamin status. This represents only 6 of the 22

biochemical variables measured in the present study.

A similar argument would hold in respect of the haemato-
logical variables. These do not appear to play a direct role
in the assessment of nutrition status. They do, however, re-
flect the general health of the subject, since ill health
might lead to poor eating and this, over a long period would
result in malnutrition. The inclusion of certain haematolo-
gical variables could thus be motivated, especially since a
blood sample would, in any case, have to be taken if certain
biochemical variables were to be measured. If included, the
best variables would probably be haemoglobin and haematocrit

for estimating oxygen uptake and possibly neutrophils and

lymphocytes, for measuring the extent to which the body is

combatting infection. This result is confirmed by both the
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factor analyses and the relevant principal component

analysis.

The dietary variables clearly have considerable impor-
tance in the assessment of nutrition status. This is cohfir~
med by the fact that they have come out either as the second
or third factors in the factor analysis. They are, however,
both costly and difficult to measure and their inclusion could
probably not be motivated on the basis of a careful study of

the cost in relation to information gained.

Clearly the above results depend to some extent, on the
population groups studied. They should, however, be reasona-

bly applicable to any population group in South Africa.

In Chapter 8.5 we pointed out that communalities could
be used to idehtify redundant variables i.e., variables un-
related to the general information content of the data set.
These wefe‘listed in Table XXVIII. We prefer, on the whole,
however, to approach the problem from the view point of only
ineluding those variables whose inclusion can be motivated
because they are needed to measure a specific factor. We
‘would, therefore, rather base our choice on the loadings in
the factor analysis, or if greater detail is required, on

the eigen vectors in the principal component analysis.

It should be no cause for disappointment that the present
study has not provided a final answer to the problem.,of assess-
ing nutrition status, as formulated in the opening chapters.

We have, in effect, required that variables themselves tell

us something about the aépecté which they are measuring, - an
almost impossible task. There is no doubt that the study has
contributed considerably tovoﬁr uhderstanding, both‘of the pit-

falls and potential of the various statistical'techniques and
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of the underlying characteristics of the biological variabies.
It is surely worthy bf note that infonmation.which has been

painstakingly gathered by biologists over many centuries, can
be confirmed by a multivariate statistical analysis of a well-

planned multidisciplinary survey.



a2

10.

R E F E'R E N C E 5.

'AnQerson, T.W. (1958). An introduction to multivariate

statistical analysis. New York : Wiley.

Ball G H (1965) 'Data analysis in the social seiences

Amerlcan Federatlon of Informatlon Proce551ng Societies

Conference Proceedlngs,,Fall Joint Computer Conference,

Washington : Spartan Books, 533-559.

Burt,-CYril-and Banks, Charlotte. (1947). A factor ana-
lysis of body measurements for British adult males.
Ann. Eugen., London, 13, 238-256. |

Cassie, R.M. (1963). Multivariate analysis in the inter-

preta}ion‘of numerical plankton data. New Zealand Journal

- of Science, g, 36-59.

Chinn, K.S.K. and Allen, T.H. (1960). Body fat in men
from two skinfolds, weight, height and age. Report No.

248, U.S. Army Medical Research and Nutrition Laboratory,

Denver, 1-9.

Defrise-Gussenhoven, E.  (1954). (roissance et débrlité.
Bruxelles : Institute Royal des Sc1ences Nuturelles de

Belglque . Memoire no. 128, 1-70.

Dixon, W.J. (l968).‘ BMD Biomedical Computer Programmes.

Berkeley and Los Angeles : University of California Press.

Doll, R. and Bukatsch, J. (1952). An experimental factor
analysis of cancer mortality in England and Wales, 1921-30.
J. Hyg., Lond., 50, 384-393.

Drion (1961). The intercorrelations between the nutrients
consumed by a group of families in the Netherlands.
J. Royal Statist. Soc. A, 124, 314-335, 361-37L.

purnin, J.V.G.A. and Ramahan, M.M. (1967). The assessment



11.

13.

13.

l6.

17.

-: . ' ' 145.

of the amount of fat in the human'body from measurements

of the skinfold thickness. Brit. J. of Nutr., 21,
681-689. '

Du Plessis, J.P., De Lange, D.J. and Fellingham, S.A.

'(1965a), Biochemical evaluation of the nutrition status

of urban primary school children : Riboflavin status.
S. Afr. Med. J., 39, 1176-1180.

Du Plessis, J.P., De Lange, D.J. and Fellingham, S.A.

(1965b). Biochemical evaluation of the nutrition status

of urban primary school children : Protein status.

5. Afr. Med. J., 39, 1181-1185.

Du PleSSis, J.P., De Lange, D.J. and Fellingham, S.A.

=(1966a).' Biochemical-investigation of the nutrition sta-

tus of urbaﬁ school children aged 12-15 years : Protein
status. 5. Afr. Med. J. 40, 509-514.

' Du Plessis, J.P., De Lange,D.J. and Fellingham, S.A.

(1966b). Biochemical evaluation of thé nutrition status
of urban school children of 12-15 years : Riboflavin
status. S. Afr. Med. J., 40, 518-520.

Du Pleésis} J.P., De Langé, D.J. and Neser, M.L. (1966c).
Biochemical evaluation of the nutrition status of urban
primary school children : Vitamin A status. S. Afr. Med.
J., 40, 1093-1097.

Du Plessis, J.P. (1967). An evaluation of bitochemical
criteria for use in nutrition Status surveys. CSIR Res.

Rep. No. 261. Pretoria : CSIR.

Dﬁ Bleésis, J.P., De Lange, D.J. and Vivier, F.S. (1967a).
‘The‘biochemical evaluation of the nutrition status of ur-
ban school children : Nicotinic acid status. S. Afr. Med.
J., 41, 1211-1216.



146.

. Du Plessis, J.P., Vivier, F.S. and De Lange, D.J. (1967b).
The biochemical evaluation of the nutrition status of
urban school children‘aged 7-15 years. Serum choles terdl
“and phOSphOllpld levels and serum and urinary amylase ac-
t;v1t1es. S, Afr. Med. J., 41, 1215~ -1222.

Efroymson, M.A. (1960). Multiple regression analysis.
" Mathematical methods for digital computers, Vol. I.
Edited by Ralston, A. and Wilf, H.S.,New York: Wiley,
©191-203.

Ehrenberg, A.S.C. (1962). Some guestions .about factor

analysis. The Statistician, 12, No. 3.

Engelman, L. (1972). Personal communication. Health

Sciences Computing Facility, UCLA.

Fellingham, S.A. (1966). Statistical planning of the
nutrition status surveys on Pretoria school children.
S. Afr. Med. J., 40, 228-234.

. Fellingham, S.A. (1969). The selection of eriteria
in medzcal research Paper read at the Biometrics
se551on of the Cross-Disciplinary Sciences Symp051um
‘1n Blomedlcal Research., Johannesburg

Gardiner,‘A.S. and Jeffers, J.N.R. (1963). Analysis of
the collective species Betula alba on the basis of leaf

measurements. Silvae Genetica, 11, 156-16l.
Gould, S.J. (1965). Evolutionary patterns in pelyco-

saurlan reptlles : A factor-analytic study. FEvolution,

21, 385-401.

Harman, H.H. (1967). Modern factor analysis, revised ed.

Chicago : The University of Chicago Press.



27.

28,

29,

30.°

32.

33.

34.

35.

147.

Hotelling, H. (1933). Analysis of a complex of statis-
tical variables into principal components. J. FEdue.
Psychol., 24, 417-441: 498-520. |

Hotelling, H. (1936). Simplified calculation of prin-

cipal qomponents, Psychometrika, 1, 27-35.

Jeffers, J.N.R. (1967) .. The study of variation in

taxonomic research. The Statistician, 17, 29-43.

Jolicoeur, P. and Mosiman, J.E. (1960). Size and shape

variation in the painted turtle. A prinéipal component

‘analysis. Growth, 24, 339-354.

" Kendall, M.G. and Stuart, A. (1966).  The advanced theo-
"ry,of‘statistics. Vol III. ©New York : Hafner Publishing

Co.

Khatri, C.G. (1964). Distribution of the 'Generalised'
multiple correlation matrix in the dual case. Ann. Math.
Statist., 35, 1801-1806. ‘

Kraus,'B.S.vand Choi, S.G. (1958). A factorial analysis
0of the prenatal growth of the human skeleton. Growth,
22, 231-242.

Lawley, D.N. and Maxwell, M.A. (1963) .. Factor analysis

as a statistical method. London : Butterworths.

Levine, E. (1968). A4 radiological study of hand and

‘wrist ossification in South African children of four popu-

lation groups. Unpublished doctoral thesis : University

of the Witwatersrand.



36.

37.

38..

41.

42,

43.

148,

Louw, M.E.J., Du Plessis, J.P., van den Berg, A.S. and
Fellingham, S.A. (1969). Intercorrelation study of

dietary and biochemical data from school children in the

" Pretoria area. S. Afr. Med. J., 43, 1516-1527.

Lubbe, A.M. (1968). A survey of the nutritional status
of White school children in Pretoria. Description and

¢omparative study of two dietary survey techniques.

S. Afr. Med. J., 42, 616-622.

-

Lubbe, A.M. and Pretorius, C.L. (1965). "Nutrient in-

‘name van blanke 7-jarige kinders soos bepaal deur twee
metodes". S. Afr. Med. J., 39, 1147-1148.

Lubran, M. (1966)., Paper electrophoresis. J. Amer.
Med. Ass., 197, 360-361.

Metheny, E. (1939). Sbme differences in bodily propor-
tions between American Negro and White male college stu-
dents as related to athletic performance. Res. & Am.
Ass. HLlth. Phys. Educ., 10, p.42.

National Research Council (1968) . Recommended dietary
allowances. 7th ed. Publ. No. 1694. Washington, D.C.:

National Academy of Sciences.

Neser, M.L. (1968a). The leukocyte picture in White,
Bantu, Coloured and Indian school children of 6-15 years
as observed during the Pretoria nutrition status surveys
of 1962-65. S. Afr. Med. J., 42, 444-450.

Neser, M.L. (1968b). The sedimentation rate in White,

Bantu, Coloured and Indian school children. §. Afr. Med.

J., 42, 1128-1137.



44.

45.

46.

47.

48,

49.

50.

51.

52.

149,

»Oberman, J.W., Gregory, K.O., Burke, F.G., Rose, S§. and
Rice, E.C. (1956). Electrophoretic analysis of serum

proteins in infants and children. 1I. Normal values

 from,birth to adolescence. Few Engl. J. Med., 255,

743-755.

oudkerk, A.C.F. (1965). Eating habits of urban Bantu,
with special reference to the school going child. S. Afr.
Med. J., 39, 1148-1150.

Ouelette, R.P. and Qadri, S§.U. (1966). Principal compo-

nent analySis and pattern of growth in Cristivomer namay-

cush. Growth, - 30, 285-293.

Parizkova, Jana (1961). Total body fat and sklnfold
thickness in children. Metabolism, 10, 794-807.

Pearce, S.C. and Holland, D.A.. (1960). Some applica-

’tlono of multivariate methods in botany Applied

Statzstzcs, 9, 1-7.

Pearson, K. (1901). On line and planes of closest fit
to a system of points in space. Phil. Mag. II, 6th
series, . 557-572. '

Pillai, K.C.S. (1960). Statistical tables for tests
of multivariate hypothesis. Manila: The Statistical

Centre, University of the Philippines.

Potgieter, J.F. (1965). "Inkomste en voedingspeil”.
S. Afr. Med. J., 39, 1151-1154.

Potgieter,lJ.F. and Fellingham, S.A. (1967). Assess-
ment of methods for dietary surveys. S Afr. Med. J.,
41, 886-890. |



53.

54.

55.

56.

57.

58.

59,

60.

61.

150.

Rees, J.W. (1969). Morphologic variation in the mandi-
ble of the white-tailed deer (0docoileus virgintianus):

A study of population skeéletal variation by principal

‘component and canonical analysis. J. Morphology, 128,

113-130. |
Rohlf, F.J. and Sokal, R.R. (1962). The description

of taxonomic relationships by factor analysis. Systema-
tie Zoology, 11, 1l-16. '

Seal, H.L. (1964). Multivariate statistical analysis
for biologists, London : Methuen and Co., Ltd.

Smit, P.J. (1965). The importance of arm position when
meaéuring upper arm circumference for the evaluation of
nutritional status. S. Afr. Med. J., 39, 1185-1186.

Smit, P.J. (1968). Anthropometric, motor performance
and physiological studies on South African children in-
volved in a nutritional status survey. Pretoria: CSIR

Research Report No. 273, 1-470.

Smit, P.J., Potgieter, J.F. and Fellingham, S.A. (1967a) .

.Body measurements of school children of four racial

groups in Pretoria. S. Afr. Med. J., 41, 868-886.

Smit, P.J., Potgieter, J.F., Neser, M.L. and Fellingham,
S.A. (1967h).. Sex, age and race variations in the body
measurements of White, Bantu, Coloured and Indian chil-~

dren aged 7-15 years. 5. Afr. Med. J., 41, 422-426.
Sokal, R.R. and Daly, H.V. (1961l). An application of
factor analysis to insect behaviour. The University of

Kansas Science Bulletin, 42, 1067-1095.

Spearman, C. (1904). General intelligence objectively

determined and measured. A4mer. J. Psychol., 15, 201-293.



62.

63.

64.

65.

66 .-

67.

68.

69.

70.

151.

Spearman, C. (1926). The abilities of man. London

. Macmillan.

Stead, R.M. (1968). Assessment of methods for dietary
appraisal : A comparison of two different modifications
of Burke's dietary history method. . Afr. Med. J.,
42, 961-962. | |

Sukhatme, P.V. (1954). Sampling theory of surveys with
applications, Ames, Iowa, U.S.A. : The Iowa State College
Press. 40-42,

Troskie, C.G. (1969). The generalised multiple corre-
lation matrix. S. Afr. Statist, J., 3, 109-121.

Troskie,‘C.G. (1971). Regression and cOrrelation.
Proceedings of the third Symposium on Mathmatical Statis-
tigs,_ed. by N.F. Laubscher, Pretoria: CSIR Special

Report WISK 89, 35-47.

Troskie, C.G. (1972).  Personal Communication.

Department of Mathematical Statistics, University of

Cape Town.

Van der Merwe, A. le R., Potgieter, J.F. and Neser, M.L.
(1965) . The planning and execution of the 1962 Pretoria
nutrition survey. §. Afr. Med. J., 39, 220-221.

Wallace, J.T. and Bader, R.S. (1967). Factor analysis
in morphometric traits of the house mouse. Systematic

Zoology, 16, 144.

Warburton, F.W. (1962). The practical value of factor

analysis in education. The Statistician, 12, 172-188.



el *,.:T

71.

72.

/EDA.

152.
Watts, H.L. (1967). The poverty datum line in three
cities and four towns in the Republic of South Africa.

Natal: Institute for Social Researéh, University of

Natal, Féct Paper No. 1.

Wittmann, W., Moodie, A.D., Fellingham, S.A. and Hansen,
J.D.L. (l967). An evaluation of the relationship be-
tween nutritional status and infection by means of a

field study. S. Afr..Med. J., 41, 664-682.





