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may present with involvement of the sympathetic nervous
ystem marked by severe posrural hypotension . Diabetes

mellitus may then be associated with neurological manifesta
tions which ary markedly from case to case. The decade
now ended has rightly seen emphasis laid on the much
neglected aspect of motor involvement, and the pattern can
now fall into place leaving us with a clearer conception of the
neurological manifestations o'f diabetes mellitus.

S MMARY

Eight cases of diabetic amyotrophy are presented. Four
cases are unusual in that they demonstrate severe generalized
ymmetrical motor weakness. Control of hyperglycaemia led

to rapid relief of pain in 2 cases only. One case was of par
ticular interest in that pseudomyotonia was demonstrated on
electromyography.

We wish to thank Dr. A. L. Agranat, senior physician, Jollannes
burg General Hospital, Dr. E. . Popper, physician to the on-

European Hospital, and Or. K. F. Mill, medical llperintendent
of Johannesburg General Ho pital, for their help and ooperation;
and 1r. A. Shevitz and r. H. Kruger, of the photographic unit
of the Department of Medicine of the University of \ itwatersrand,
for the photograph. The electromyograrns \ ere recorded b
Or. H. 1 aa in the EMG Department of the neuro urgical unit
of the Princess ur ing Home. Mr. K. Le\ er Alien in particular
i thanked for hi cooperation.
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WEIGHT, HEIGHT AND SKI FOLD THICK ESS OF ZULU ADULTS I DURBA T
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Department of Social, Prevemive and Family Medicine University of alal, and Deparlmem of Sociology and Anthropology,
Slate Col/eCTe of Washington, Pul/man, Washinglon

Despite the value of weight and height norms in the assessment
of the clinical state of individuals and groups, there is a
paucity of such norms for African groups.

This report deals with observations of the weight, height,
and skinfold thickness measurements, of Zulu adults (aged
:W years or more) residing in a housing scheme for Africans
in Durban. These observations were made in the course of a
broader nutrition-hypertension study project carried out in
October-December 1958.

METHODS A D SUBJECTS

The subjects were weighed unclothed, by means of an Avery
personal scale. Height was measured standing erect, with the
line of sight horizontal.

The relative weight of each subject was assessed by ex
pressing the actual weight as a percentage of the mean weight
of a US adult of the corresponding sex, age, and height. A
relative weiiht of 125 % indicated that the person was 25 %
over-weight relative to this standard. The US standards used
were derived from the US Medicooactuarial Mortality Investi
gation. I As our subjects were measured without clothes, the

* Work done during the tenure of a Research Fellowship of
the US Public H::alth Service (under the sponsorship of Jeremiah
StamJer, M.D., formerly Assistant Director of the Cardiova cular
Department of the Medical Research Institute [Louis M. Katz,
\1.D., Director], Michael Reese Hospital, now Director, Heart

isease Control Program, Chicago Board of Health [Herman t.
Bundeson, M.D., President)). This work was supported in part by
.i supplementary grant (H4l97-SI) from the ational Heart
In titute of the US Public Health Service. Jt is a pleasure to
<icknowledge the guidance and support of Prof. M. J. Herskovirs,
~hairman, and the Program of African Studies, orthwestern
University. The financial assistance of the State College of Wash
ngton is also appreciated.

findings were first adjusted by adding 1 inch and 10 lb. for
men, or 11 inches and 6 lb. for women. Subjects aged over
55 years were compared with the tilndard provided for
persons of 55.

Skinfold thickness mea urements were made with the
Harpenden skinfold caliper,2.3 which exerts a constant
pressure of 10 g. per sq. mm. of contact surface. Measure
ments were made halfway down the back of the right arm,
over the tricep. The site was marked, a fold of skin and
subcutaneous tissue lifted, and the caliper applied. Three
measuremeiHs were made at each site by each of two clinician ,
and further readings were taken jf the values were not close. A
mean was calculated on the basis of 3 consecutive clo e value
recorded by each clinician. If there wa much difference
between observers, further observations were made.

The sample comprised the adult Zulu residents of a
randomly selected l-in-7 sample of the homes in the hou ing
scheme. The population of this housing scheme is pre
dominantly Zulu (72' 5 %). The men are mainly employed in
unskilled, predominantly manual, occupations.' Approxi
matelya fifth of the women are gainfully employed away from
home, mainly in domestic ervice. The median income per
caput i £2 6 . Od. per month, and the median food expendi
ture per caput £1 Ss. Od. per month. The main cereal eaten i
refined maize, which contributes lightly over 50% of the
average caloric intake. The u ual diet includes relatively
small quantitie of fruit green or yellow vegetables, milk, meat
and fish.:; There is a high prevalence of malnutrition in the
community, manifested in a variety of skin and muco al
lesions.s

Of the persons in the sample, 63· 7 % were examined,
comprising 76· 6 %of the women and 45·2 %of the men. In
view of the high failure rate among the men it was not
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certain that the male sample, in particular, was a representa
tive one. Accordingly, information was obtained about the
marital state, income, food expenditure, social class, rurality
and education of the non-examined persons of the sample,
for comparison with the corresponding characteristics of the
persons who had been examined. This comparison indicated
significant differences only in respect of social class and
education. Among the men examined, persons in the lowest
social class (V) and persons with 4 or more years of schooling
were significantly under-represented, while among the women
examined, those in the upper social classes (I, II and lI1) were
significantly under-represented. Examination of the weight,
height and skinfold data in relation to social class and
education indicated, however, that these selective factors did
not affect the findings. Among the women examined, for
example, there were no significant differences between the
measurements of those in social classes I, Il and Ill, and those
in social classes IV and V. It seems reasonable to conclude,
therefore, that the data which follow are applicable to the
Zulu population of this housing scheme as a whole.

The findings relate to 106 men aged 20 - 81 years,- not
suffering from major illnesses (tuberculosis, congestive cardiac
failure, diabetes and hemiplegia), and 219 women aged
20 - 86 years, not pregnant or suffering from major diseases.

It is apparent from Table I that the ~omen are decidedly
heavier, though shorter, than the men.' As Table IT indicates,
this tendency for the women to be relatively heavy is found
at all ages, but particularly after the age of 40 years. The
weight preponderance of the women is apparent when persons
of the same height are compared (Table ITI).

As in other communities, there is a tendency, more clearly
shown in the women, toward relative lightness among persons
aged 50 and over (Table II). There is no evidence of a change
in height with advancing yeqrs.

As expected, the mean weight rises with height in 'both
sexes (Table 1II). -

The relative weights of the persons studied, in comparison
with a US standard, are presented in Table IV. It is apparent

FINDINGS TABLE IV. RELATIVE WEIGHT (IN RELATION TO US STANDARD)

Weight and Height

The data are summarized in Tables I, II and Ill.

Mean weight (lb.)
Height (ins.)

Weight, expressed as Men (No: 106) Women (No: 219)
percentage of us

%standard weight No. % No.

Under 90% .. 23 21·7 13 5-9
90 - 109% 57 53-8 55 25·1
110 -124% 20 18·9 68 31·0
125% or m<;Jre 6 5·7 '83 37·9

that a high proportion of the women are over-weight, 68· 9 %
having weights which exceed the standard by 1O%'or more.
The corresponding figure found in a US study? Wl1$ -30' 3 %
(based on. 10,000 unselectedlife-insurance examinees,
standardized for age and sex according to the population of
the US). Over a third of the ~ulu women are over-weight
by 25 % or more. Only 5· 9 % of the Zulu women are under
weight by 10 % or more, compared with the US figure of
15·3%. The Zulu men, on the other hand, have a similar
prevalence of over-weight to US men (24'6% and 25'7%
respectively), but a higher prevalence of under-weight
(21'7% and 10'2%).

As these differences may be partly due to ethnic factors,
a comparison was made with figures available for other
Afri~an groups (Table V). This indicated that the men studied

Durban Zulu Rural Zulu" * Uganda" t
Men

62- 63-9 ._ 136·5 122·5 113·3
64- 65-9 .. 140-7 131·1 121·8
66- 67·9 _. 146·0 138·3 130·5

Women
58 - 59· 9 .. 150· 5 114·0
60 - 61·9 __ 154·2 121-1
62 - 63 -9 .. 160·1 128·9
64- 65·9 .. 170·2 137·0

TABLE v_ 'MEAN WEIGHT FOR HEIGHT, COMPARED WITH AVAILABLE
AFRICAN STANDARDS (PERSONS AGED 20 YEARS OR OVER)

* The mean weights given are those of men whose height is
63 ins., 65 ins., and 67 ins. respectively, and women whose height
is 59 ins., 61 ins., 63 ins., and 65 ins. respectively.

t The mean weights given are those of men whose height is
63 ins., 65 ins., and 67 ins. respectively_

Women
219

65-4 61-4
2-4 2-3

64-1 60-1
65-4 61·4
67-1 62-8

147-2 155-7
27-9 33·7

124-5 131·0
137-3 152·1
154-4 176·8

TABLE I. WEIGHT AND HEIGHT_ MEAN VALUES
AND QUARTILE DISTRIBUTIO

Men
106No. in group ..

Height (inches)
Mean
S.D.
25th percentile
50th percentile (median) ..
75th percentile

Weight (lb.)
Mean
S,D.
25th percentile
50th percentile (median) ..
75th percentile

TABLE 11. WEIGHT AND HEIGHT, BY AGE AND SEX

No. Weight (lb.) Height (ins.)
Age in

(yrs.) group Mean S.D. Median Mean S.1>. Medhn
Men

20 - 29 33 135-1 12·0 136·7 65·3 1·9 65·7
30 - 39 32 144-5 20-9 145-8 65·8 2-1 65·5
40-49 20 142·5 28·7 136-9 64·9 3-5 64·8
50+ 21 153·4 40·9 134-9 65·8 1·9 65·5

Women
20-29 69 145·1 27·4 138:0 61·6 2·2 61·0
30 - 39 67 151·0 29·4 146·2 62·3 2·0 62-1
40 -49 44 174-5 36·6 166·2 61·3 2·4 61·3
50+ 39 161·2 37-1 159-9 61·1 2·4 61·0

TABLE m. WEtGHT/HEIGHT RELATIONSHlP

No. Mean
Height in Weight
(ins_) Group (lb.) S.D.

Men
62 - 63·9 15 136-5
64 - 65-9 41 140·7 16·5
66-67-9 29 146·0 29·6

Women
58 - 59·9 30 150-5 35·1
60 - 61-9 81 154·2 29·3
62 - 63·9 58 160'1 34·7
64- 65·9 22 170-2 27-5
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p
(compared

with rhe
Durban
group)

106

20 or over 118 100 <0'001
40 - 55 113 60 <0'10
40 - 55 93 56 <0'05
30 - 60 97 51 0·01
25 - 63 238 20 <0'001
40 - 55 67 19 <0·001

20 or over

Group

TABLE IX. ARM SKINFOLD THICKNESS: PERCENTAGE OF MEN WITH
MEASUREMENTS OF 9 MM. OR LESS, COMPARED WITH OTHER GROUPS

Percemage
wirh

skinfold
Age (yrs.) No. in thickness

group of9 mm.
or less

72·6Durban Zulu ..
African agricultural

workers in S.A.'3 ..
Cape Town African" ..
Cape Town Coloured"
Sardinian police"
Minnesota fireman" ..
Cape Town White" ..

No. Mean S.D. No. Mean S.D.
200r over* .. 106 9',39, 5·60 219 21· 56 8·88
20 - 29 33 8·56 3·43 69 20·32 8·94
30- 39 32 8·38 1·42 67 21·08 8·50
40-49 20 9·00 5·61 44 24·90 7·50
50 + 21 11·55 8·50 39 22·12 9·36

*Combined.

Age (yrs.)

Men (No: 106) Women (No: 219)

lnterral Cumulative Cumularive
(mm.) Fre- frequency Fre- frequency

quency quency
No. % No. %

0- 4·9 10 10 9·4 0 0 0
5- 9·9 69 79 74·5 15 15 6·8

10 -14,9 14 93 87·7 40 55 25·1
15-19'9 8 101 95·3 50 105 47·9
20 - 24·9 3 104 98·1 38 143 65·3
25 - 29·9 1 105 99'1 31 174 79·5
30 - 34·9 0 105 99·1 25 199 90·9
35 - 39· 9 0 105 99·1 18 217 99·1
40 -44·9 ·1 106 100·0 1 218 99·5
45 - 49·9 0 106 100·0 1 219 100·0

TABLE VU. ARM SKlNFOLD THICKNESS (MM.) BY AGE AND SEX

Men Women

TABLE VIH. ARM SKlNFOLD MEASUREMENTS: DlSTRIBUTIO

Arm Skin/old Thickness

The mean skinfold thickness measurements are presented
in Table VII, and the distribution of measurements in Table
VIlI.

The values for the women are considerably higher than
those for the men. Under 5 %of the men have measurements
of 20 mm. or more, compared with 52 % of the women.

Comparative data for other groupSlO,12,13 are presented in
Tables IX and X. The Durban women tend to have higher
values than Whites in Cape Town, Minnesota, or Sardinia,
and slightly higher levels than Canadian men. The Durban

TABLE VI. MEA HEIGHT: COMPARISON WITH OTHER ZULU GROUPS
'(PERSO S AGED 20 YEARS OR OVER)

Men Women

Place and Median Height (ins.) Median Mean
Date o. age No. age heiglll

(yrs.) Mean S.D. (yrs.) (ins.)
Durban

1958 .. 106 36·8 65·4 2-4 219 35·1 61·4
Pholela*

1940 - 5 696 39·0 65·5 1,846 32·3 61·6
Eshowe"

1927 .. 30 34·5 67·1 2·3 12 25·0 61·9
* Figures derived from Ka·rk.8
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are somewhat heavier, at all heights, than rural Zulu men8

and Uganda men of varied ethnic origins.- The Durban
Zulu women are considerably heavier, by over 30 lb., than
rural Zulu women of the same height.8

Weight-age curves of the Durban adults studied, and of
rural Zulu and Canadian adults10 are shown in Fig. 1. In
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Fig. 1. Weight-age curves. The Durban Zulu and Canadian
figures represent median values. The top age-group in each
instance is as follows: Durban Zulu, 50 years or over (men)
55 years or over (women). Rural Zulu, 70 years or over (men),
60 years or over (women). Canadian, 65 years or over.

the Durban and Canadian groups,_but not in the rural Zulu
group, there is a tendency for persons in early or late middle
age to be heavier than younger adults. Among the Durban
men, the weight peak occurs at about the same age as among
the Canadian men. Among the Durban women, 1t occurs
earlier than among Canadian women.

Comparative data on the heights of our subjects and other
Zulu groupS8,ll are presented in Table Vl While there is no
appreciable difference, in either sex, from rural Zulus studied
in 1940 - 45, the heights of the Durban p1en are significantly
lower than those of rural Zulus studied in 1927 (p<O·OOI).
The number of Zulu women studied in 1927 is too small to
merit a similar comparison,
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A study was carried out, in October-December 1958, of the
weight, height and arm skinfold thickness of a population
sample of Zulu adults in Durban.

Dat.a are presented in respect of these measurements,
according to age and sex, and in respect of weight for height.
These findings are compared with data for other groups.

The women were considerably more adipose than the men,
as reflected both in their relative weights an,d in their skinfold

SUMMARY

from the strenous agricultural and oth~r duties which
characterize the life of the rural Zulu woman.s

In order to clarify the possible role played by the urban
environment a comparison was undertaken of the measure
ments of persons, within the sample studied, who had spent
most of their lives in rural or urban areas respectively. The
data for persons who had been born in a rural area, and had
spent 80% or more of their lives in ~uch an area, were
compared with those who had been born in an urban area,
and had spent over 80% of their lives in an urban area. The
numbers of persons for whom data were available enabled
such a comparison to be made only among the women aged
20 - 34, among whom there were 38 'predominantly rural' and
24 'predominantly urban'. This comparison revealed no
appreciable differences between the two groups, in respect of
crude weight, relative weight, or skinfold thickness.

This surprising finding raises two possibilities. First, it is
possible that the effect of the urban environment is one which
can be rapidly produced, so that a relatively short tim,e in town
may be associated with a considerable increase in adiposity.
The median time spent in town by the 38 'predominantly
rural' women was 2· 4 years. In addition, it is not impossible
that there may be a selective factor in towny/ard migration.
There may be a tendency, somewhat analogous to that of
relatively tall Aberdeen women to marry into a high social
class,17,lS for relatively stout Zulu women to move into an
urban area, particularly into a neighbourhood such as the
one studied, which is characterized by relatively stable family
living.

The shortness of the men, compared with Zulu men studied
31 years previously," is of considerable interest. It has been
stated that 'a number of older (Zulu) men consider that the
young adult of today is shorter than those of years ago'."
Our findings lend some substantiation to this belief. If the
modern Zulu adult is in fact shorter than the Zulu adult of a
generation ago, this may well indicate a deterioration, in the
early part of this century, in nutrition during prenatal life and
childhood.

The high relative weights and, high skinfold thicknesses of
the women should not be construed as evidence of good
health. Not only are the hazards of obesity well recognized,
but it is known that a higher weight is not necessarily
associated with a low prevalence of skin and mucosal signs
of malnutrition ;'9 it has in fact been found, in a group of
Africans moving into a changed environment, that an increase
in adiposity may be accompanied by an increase in a variety
of mucocutaneous signs of malnutrition. '3 There is a high
prevalence of such signs of malnutrition among both sexes in
this community."

The weight, height and skinfold norms presented can in no
sense be regarded as representing 'healthy' or 'optimal' values.

Mpan arm
skin/old
(mm.)

Canadian lO

Age
(yrs.)

Jvlean arm
skin/old
(mm.)

Age
(yrs.)

8'56 20 -29 5·52 20- 24 6·3
8·38 30 - 39 4·72 25 - 29 7·0
9·00 40 or over 4·78 30 - 34 8·2

11· 55 35 - 44 7·7
45 - 54 7·5
55 - 64 6·9

65 or over 5·6

20·32
21·08
24·90
22,12,

Mean arm
skin/old
(mm.)

Durban Zulu

20 - 24 12·4
25 - 29 l3·0
30 - 34 14·3
35 - 44 15·5
45 - 54 17·7
55 - 64 17·7

65 or over J5·5

* Derived from a sludy by Abramson, Slome and Ward.'3

TABLE X. ARM SKI FOLD THICKNESS: MEA, VALUE, BY AGE AND SEX,
COMPARED WITH OTHER GROUPS

A/rican agr. workers
in SOlllh Africa*

Age
(yrs.)

Men
20 - 29
30 - 39
40 - 49

50 or over

Women
20 - 29
30 - 39
40 - 49

50 or over

men tend to have lower values.than Cape Town Africans and
Coloured meo; it is possible, however, that this difference is
partly due to the fact that the Cape Town data refer to men
aged 40 - 55 only. The Durban men tend to have higher
values than a group of African agricultural workers in South
Africa. Though these latter workers were of varied ethnic
origins (mainly Pondo and Zulu), they exhibited no ethnic
variation in skinfold thickness. _ It is noteworthy that the
weights of 75 %of the.se agricultural workers (compared with
52· 8% of the Durban men) fell below the US standard for
their beight and age.

There was a high correlation, in the persons studied,
between relative weight and.skinfold thickness (P<O·OOI). As
it is accepted that skinfold measurements provide a good
estimate of the quantity of fat in the bodY,14 it can be con
cluded that the differences in the weights of the men and
women largely reflect differences in their adiposity.

DISCUSSION

For practical purposes it can be accepted that, although many
factors may influence caloric-intake and utilization, in general
'obesity results only from eating more than is required to meet
the energy requirements of the body'.'; It is likely that the
considerably greater adiposity of the women is largely a
reflection of sex variation in diet and physical activity.

The differences found from rural Zulu adults indicate that
ethnic factors alone do not account for our findings. It is
not unlikely tbat non-ethnic factors may play an important
role in explaining the differences from non-African groups,
viz. the lesser adiposity of the Durban men, and the greater
adiposity of the women, particularly in early middle age.

The higher weights and skinfold thicknesses of the Durban
subjects, by comparison with rural Zulu adults and African
agricultural workers, indicate the probable importance of the
role played by the urban environment. It is noteworthy that
in this housing scheme, schoolgirls have been shown to be
taller and heavier than rural Zulu girls. l6 It appears likely
that urban life is characterized by a greater caloric intake
than rural life, in relation to the level of physical exertion.
For women' in particular, town life means relative freedom
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bacillus by Robert Koch in 1882, (2) the operation of the coordi
nated control plan as first laid down by Philip, who opened the
first 'dispensary' in Edinburgh in 1887 and worked out his univer
sally adopted scheme in the 1890s; and (3) the introduction of
chemotherapy about 1948.

The quinquennial death rate from tuberculosis per 100,000 of
the population (all races) during the years 1895-1958 in the
municipal area of Cape Town is an illustration of the decline of
tuberculosis in a local area (Fig. I). The establishment of clinics
in 1910 and the introduction of chemotherapy in ± 1948 both led
to a sharp fall in the death rate from tuberculosis. The rise in the
rate after 1920 vas due to the incorporation of Wynberg and other
areas into the metropolitan area, and the Jack of hou ing after

600-

Both men and women tended to be heavier than rural
Zulus. This difference is ascribe5f partly to the effect of the
urban environment, and partly to a possible selective factor
in !Ownward migration.

There is evidence suggesting th'at the modern Zulu adult
i shorter than the Zulu of a generation previously. This
difference, if real, may indicate a deterioration, in the first pan
of this century, in nutrition during prenatal life and childhood.

We are indebted to our subjects, and to Nursing Sisters C. C.
Majola and T. Triegaardt, Medical Recorders W. H. Pietersen
and S. J. Maharaj, and other' members of the staff of the Institute
of FamiJy and Community Health, Durban, as well as to

r. . Mdlazi, for their assistance in the study, and to Mrs. K.
Wolfson for th" chart.

thickness measurements. A hjgh proportion of the women
were over-weight, by comparison with US women, and their
skinfold measurements were higher than those of Canadian
women. The men were under-weight and lean by comparison
with most White groups. The large sex difference is ascribed
!O sex variation in diet and physical activity.

WlllTHER TUBERCULOSIS?*

'l<>uis Leip<>ldt Memorial Lecture, Cape Western Branch (M.A.S.A.), Cape
Town, 16 October 1959 (abridged).

r must crave the indulgence of,my audience if I commence on a
personal and reminiscent note since my interest in tuberculosis
stretches over rather more than half a century-56 years, to be
exact.

My association with Dr. R. W. Philip (later Sir Robert Philip),
begun in my student days, became much closer after my graduation,
when I worked with him and received an inspiration from him
which has never flagged. Philip was a most remarkable man, wilh
scientific, clinical, administrative and prophetic gifts far above his
fellows. He became an international figure, and the first professor
of tuberculosis at the University of Edinburgh. Somewhat belatedly
his own country acknowledged his eminence and rewarded him
with a knighthood. Looking back today on his achievements one
is amazed at the depth and greatness of his foresight in the light of
the complete fulfilment of so many of his prophetic pronounce
ments. His great part has been to design the scheme of control for
tuberculosis, and with such insight and clarity that it remains
loday for universal adoption the most logical and effective method.
My personal association with Philip in those days, and constantly
since, until his death in 1938, has given direction to my life w9rk.
Thus I was soon drawn into tuberculosis work on my retUJ1j to
South Africa. I am very thankful to have been able for half a
century to watch the successful direction of PhiJip's control
scheme as reflected in many countries: and now in the penultimale
stage with the application of chemotherapy I should be very
happy if I could convey to my colleagues a ision of the future with
a fraction of the assurance and clarity of myoId master.

Mortality Rales
Much can be learnt from a study of the national tuberculosis

mortality rates of countries possessing an organized statistical
service. Thus the effects of war are clearly shown in the increased
death rate from tuberculosis. Over a long period of years since
1860 the general death rates and also those from tuberculosis have
slowly decreased-owing at first to general improvement in sani
tation. The tubercle bacillus was discovered by Koch in 1882, and
inee the 18905 in Great Britain, and 1900 in the USA, there has

been a steady acceleration of the rate of fall of the death rate from
tuberculosis, out of proportion to the fall of the death rate from all
causes.

This decline of tuberculosis, which is reflected in the mortality
returns of most countries, shows the effect of three events in the
hi tory of tuberculosis, viz.: (I) The discovery of the tubercle


