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ABSTRACT

Two investigations are explored in this dissertation; dietary
calcium intake in relation to calcium status in a gro”p of rural Black
children and the use of the dietary history and 24-hoir dietary recall
as a research tool. Children with rachitic bone deform.ties, members
of a community in the Eastern Transvaal, have prompted extensive study.
This has shown that the population as a whole has lowered serum calcium
levels which appear to be the direct result of calcium deficient diets.

Children in each of three age groups participated in the study;

3-5 years, when the increment in skeletal calcium is at its lowest,

8-10 years when there is a sharp rise in the increment of skeletal
calcium and 13-16 years when this increment peaks during tie pubertal
growth spurt. Although no children with bene deformities were included
in the group, the study subjects had lowered serum calcium and raised
serum alkaline phosphatase levels, typical of the children with the
deformities; they were age/s < matched with subjects unc had normal serum
biochemistry. Dietary histories including a 24-hour cieca~y recall

were taken from each subject and/or his mother. Information gathered
concerned sources and frequency of supply of various foodstuffs including
gardening and animal husbandry, personal food preferences, w'th special
reference tn foods having a direct bearing on calcium metabolism in

man and socio-economic data pertaining particularly to eating habits.
Total energy and nutrient value of the 24-hour dietary recall was calcu-
lated from standard food tables.

The only statistically signi Meant difference betwe-jn study and
control groups for the age group 3-5 years was dietary c-1l.ium intake

when expressed per kg body weight. There were no significant relationships
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between dietary calcium and any measure of calcium status. This may be

due to the only slight increase in skeletal calcium at this aga or to the

fact that breast feeding, and hence adequate intake and storage, con-

tinues for as much as two years in rural African society. During a time

of increased growth, age groups 8-10 years and 13-16 years, the study

children nad significantly lower dietary calcium intakes than the control

children. Dietary calcium intake showed a significant relationship

with wvarious factors indicative of calcium nutritional status; serum

calcium level, serum alkaline phosphatase level, bone mineral density,

metacarpal cortical thickness and calcium excretion. There were no

significant differences between study and control groups for any of the

socio-economic factors investigated and no relationship between dietary

calcium intake and money spent on food.

In addition, the total energy and other n rient intakes were calcu-

lated from the 24-hour dietary recall. All children had adequate intakes

of protein and thiamine and children 3-5 years and 8-10 years met

approximately 60" of tne recommended allowance for riboflavin, niacin

and iron. These two ago groups also had adequate total energy intakes.

Children in the 13-16 year age group had insufficient intakes of nearly

all nutrients; at a time when needs are high to support increased growth,

intake was inadequate. For all children, intakes of vitamin A and

ascorbic acid were low.
To test the use of the dietary history and 24-hour dietary recall

as un investigative technique in this population, duplicate diets ware

analysed for protein, calcium and phosphorus content. The correlation

between laboratory analysis and calculation from food tables was excel-

lent for protein and calcium, well within the usually acceptable

i-T.ita. The correlation between remits for phosphorus w is good, although

v.r’ cion between laboratory analysis and food table analysis was mora

t' 3! 1(1,1 for most subjects. Provided adequate testing of methods and



proper training of lay personnel were provided, the 24-hour dietary

recall would seem to provide accurate information regarding eating habits
and nutritional intake among the rural Black population in South Africa.
This could be extremely important in this country where there 1is a great

need fui nutritional research but Black nutritionists are r re.
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CHAPTER 1: INTROOUCI HI.

Tho classic studias of dieiai/ i
in the 1920's and 1930'a and for nearly forty yea i 1li
was undertaken. The discovery that infantile rickets was iu* t
deficiency uf vitamin D contributed to tha halt in calcium rose..
Although it is generally thought that low calcium diets produce ft
clinical effects, this may not ho true. Recently with the deuelopn
of more oxact scientific techniques for the investigation of tho
mechanisms of absorption and metabolism of calcium, interest has aga.
grown; and with dwindling food supplies, particularly affecting the
developing countries, calcium requirements are being scrutinized
and reconsidern

In many developing countries, populations have an habitually
calcium intake and appear to grow and develop normally; doficiur
dietary calcium appears to present no problem. However, evideni
accumula ing that low dietary calcium int. ko may produco probl<
including rickets (Maltz 1970, Kooh nt.al. 1977, Pottifor ot.al.
Investigations in Driefontein, Eastorn Transvaal have shown tha' '
children in tfie community have significantly lowered serum calc
raised serum alkaline phosphatase levels than children in two ot
communities (Pottifor rt. 11. 1990). Preliminary dietary survex '
select groups of tha population have been conducted, howevmr n .
controlled work has been undertaken. Petti for (1980) has postul
that low dietary calcium intakes ire responsible for the abnormal
serum biochemistry and rachitic bone deformities neon in this i.

This dissertation is a further investigation into tho calcium

problem scon in Driofontoin. ItA purpose is to show a rr' I /



between dietary calcium intake and clinical parameters of calcium
nutrition using the technique of dietary history and 24-huir dietary
recall, in addition, the dissertation will explore the use of this
investigative technique,, and define the reliability of the dietary
history and 24-hour dietary recall in the study of a rural South African
Black population. Prior to presenting findings of the dietary studies,

calcium metabolism and requirements are discussed.



CHAPTER 2: REVIEW OF CALCIUM METABOLISM
2:1 The function of calcium in the human body

Calcium represents a large proportion of the elemental composition
of the human body, ranking fifth in quantity and representing about 20*
of the body's dry tissue weight. Calcium, along with phosphorus, is
the major mineral content of skeletal tissues; indeed, 99% of the body's
calcium is in the skeleton and is responsible for the rigidity and
strength of bones and teeth. Calcium is also present in soft tissues,
plasma and extrauascular fluid. Table 2:1 shows the distribution of

calcium in the adult human.

Table 2:1 Distribution of calcium in 70 kg adult human

Organ Calcium Content Percentage of Total

Skeleton 1300 grams 99

Teeth 7 grams 0,6

Soft tissues 7 grams 0,6

Plasma 350 milligrams 0,03

Extravascular fluid 750 milligrams 0,06

Total about 1300 grams

Calcium in bone is in the form of multiple apatites: Car”'3Ce”(P0*)*,
caCo0.%*sCaC”*PO*)*, Ca”*(RO* (Oh).,; various ions and cations arranged
in these proportions form a definite crystal lattice. Ions of similar
size and charge are, to an extent, interchangable. Hone contains a

living cellular matrix composed of 50% mineral, 25% protein, 20% fat and

5% mucopolysaccharides, and is in dynamic equilibrium with plasma and



other tissues; the calcium in this matrix is part of the body's mineral
reservoir which can be drawn on through the mediation of parathy.oid
hormone (PTH), being more easily mobilized than that from the hard
tissues of bones and teeth. The rate of exchange between trabeculae
and plasma and other soft tissues is much greater than the rate of
deposition of new bene, about 700 mg per day. Skeletal growth in
length and density occurs until closure of the epiphyses during puberty
and from then until about 30 years of age, the skeleton continues to get
denser; after this age, skeletal tissue begins to atrophy which can
lead to osteoporosis in old age. Hormones and physical activity can
affect osteoporosis, but so far there is little or no evidence to
support low calcium intake as an influence (Davidson et.al. 1973);
however, treating post-menopausal women with calcium supplements has
shown evidence of retarding osteoporosis in this population
(Nordin et.al. 1976). Bone growth and call ification is a complicated
process of mechanisms not completely understood; formation and
maintenance are certainly not solely a matter of calcium metabolism.
Calcium outside the skeleton accounts for only about 1% of the total
body calcium. It is necessary or the excitaDility of peripheral
nerves and muscles, for blood clotting (with thromboplastin for the
formation of thrombin) and for the activity of several enzymes (renin,
succinic dehydrogenase, lipase among others) and ATP. Reid (1943)
demonstrated that the permeability of membranes is influenced by calcium.
Calcium is also essential in the physiological mechanism for absorption
and adsorption of wvitamin D”.
The normal serum level of calcium is 2.5 mmol/1 (1Omg/dl) of which
approximately half is bound to protein and half is ionized. Lowered
serum albumin causes a reduction in protein bound calcium, which is not

associated with metabolic disturbances; however, a reduction of ionized

calcium causes tetany and loss of muscle tone.



2:2 Digestion and absorption of calcium containing foods

Humans utilize dietary calcium inefficiently, usually absorbing
only 20-30% of the amount ingested. Over the years numerous factors
have been implicated as either enhancing or interfering with calcium
absorption; today most researchers consider many of these to be of
little or no influence, as is discussed below.

Preliminary to absorption, calcium containing foods must be digested
to liberate the calcium which must be not only soluble but in the ionized
form (Schachter et.al. I960). Calcium availability is influenced by the
presence of oxalic acid, phytic acid and phosphates, all of which form
insoluble salts with calcium (Bronner 1964, Wiseman 1964, Wills et.al. 1972)
however, often large excesses of dietary phytate, oxalate and phosphate
are necessary to produce a decrease in calcium absorption. People
with diets traditionally high in phytate may develop the ability to
split calcium-phytate; and many cereals contain phytass which splits
phytic acid so that it no longer binds calcium. Therefore, it 1is
possible that the problems of phytate influencing calcium absorption
are overemphasized. Presently the problem of dietary phytate is again
important among workers investigating Asian imm'grant populations in
Britain who include high phytate flour chappaties as a diet staple
(Dunnigen 1976, Compston 1979). Most of the investigations are based
on clinical observations and also mention lack of vitamin D and low
calcium as well as high phytate intakes as possible causes of the
clinical abnormalities seen (Robertson et.al. 1977, Singleton 1978,
Rudolph et.-il. 1980).

Early workers found that increasing dietary protein enhanced calcium
absorption (Kunerth and Pittman 1939, McCance et.ai. 1942), later
investigators failed to corroborate this (Schofielu and Morrell 1960,
Johnson etx* . >70, Anand and Linkauiiler 1974). Weseermen et.al. (19S6)

found that certain amino acids (l-lysine, 1l-arginine) wore effective



in increasing calcium absorption, although the mechanism of this
phenomenon remains unexplained.

Bergeim (1926) found that adding lactose to the diet increased cal-
cium absorption, an observation confirmed by more recent research
(Condon et.al. 1970). The mechanism of this enhancement of calcium
absorption is unknown, however UJasserman and Taylor (1969) have put
forward two theories: 1) the sugar chelates (complexos) calcium
making it mere soluble; 2) the sugar increases permeability of the
intestinal cell to calcium through an inhibitory effect on the energy-
producing mechanism of that cell.

fatty acids, forming insoluble soaps which may carry calcium and
vitamin D into the faeces, can be an important factor in uoor calcium
absorption in people with malabsorption syndromes or major intestinal
disorders and may lead to osteomalacia; however in normal people this
factor is of little influence.

Other dietary and digestive factors including intestinal pH,

Ca:P ratio, presence of various vitamins (other than vitamin D) and
minerals, presence of bile, amount of bulk in the diet probably do not
influence calcium absorption under normal circumstances (Irving 1957).
Modern researchers feel that although digestion to release calcium from
ingested food and conversion to the ionized form is necessary for absorp-
tion, the limiting factor influencing calcium utilization is the calcium
transport process in the intestinal cells.

Calcium absorption is usually assessed by the metabolic balance
technique. This method, however, does not take into account endogenous
faecal calcium which 1is calcium from digestive Juices and shed epithelial
cells excreted in the faeces and has been found to average 130-140mg/day
(Heaney and Skillman 1964, Harrison ?2.nl. 1969). Digestive Jjuice
calcium is subject to the same factors governing dietary calcium absorp-

tion, although Heaney and Skillman (1964) estimate that normally only



GS% of digestive juice calcium is available for absorption with the same
efficiency as dietary calcium. Therefore there is both a riet (total)
calcium absorption and a true calcium absorption figure.

Net calcium absorption is the difference between ingested calcium
and faecal calcium; it frequently is expressed as a percentage of dietary
calcium intake. Net calcium absorption increases as the level of dietary
calcium rises in a curvilinear fashion as shown in fig 2:1, initially
rising steeply with increasing dietary intake, and then more slowly with
still further increases in dietary calcium; the curve does not reach a

plateau even at the highest intake studied, (Nordin 1976).

15 20 25 30 35

-5 Calciun intake mg/kg/day

'igure 2:1 Increase 1in net calcium absorption with increasing levels
of dietary calcium intake in normal subjects (compiled
from available studies), mean JH 1 50.
True calcium absorption, on the other hand, is the amount of dietary
calcium absorbed and makes allowance for endogenous faecal calcium.
The difference between net and true calcium absorption may be important
in pateints with coeliac disease and idiopathic stoatorrhooa where

there 1is excessive excretion of endogenous faecal calcium (Irving 1957,

Harrison et.al. 1969).



The exact mechanism of calcium absorption is not known. Presumably,
it takes place by a two component process: a saturable carrier-
mediated process and a diffusion process. Jn vivo studies using an

intubation-perfusion technique show that calcium absorption increased
as the perfusion solution increased, rising steeply at first, then more
slowly; absorption does not saturate and is linearly related to the
concentration of the perfusion solution (Ireland and Fordtran 1973,
Parker et.al. 1974). This produces a curve similar to that of net
calcium absorption at differing dietary calcium intake levels as
determined by the balance technique (see Fig. 2:1). Based on perfusion
and radio-calcium studies, it is postulated that calcium is absorbed

by a saturable carrier-mediated active transport method at lower levels
of calcium perfusion and as a diffusion process at higher levels.

The active transport process of calcium across the gut wall might
involve a specific intestinal calcium binding protein (CaBP). The exact
role of CaBP has been the subject of much recant research; it may be the
initial step of a complex transport process; it may affect the permea-
bility of the luminal membrane; it may just protect the cell from high

ionic calcium concentration; the ultimate role of CaBP is still to be

discovered.

2:3 Factors affecting calcium absorption

Researchers have known for some time that vitamin D enhanced calcium
absorption, but until the late 1950's little work was done on the
mechanism of the vitamin D action. There is still no accepted agreement
by leading workers in the field as to the specific action of vitamin D;

however, Wasserman and Taylor (1969) conclude that vitamin D has three

effects on calcium absorption: 1) it accelerator the rate of calcium
uptake in the absorptive cell; 2) it enlarges the pool of calcium with-
in the cell; 3) it enhances calcium transfer at the basal pole of the

absorptive cell. Vitamin D is first metabolised to biologically more



active compounds, but the action of the compounds on calcium absorption
and calcium homeostasis is not specificially known. The vitamin D
metabolite 1,25(0H)20,. is probably responsible for man's adaptability
to low calcium intakes.

Parathyroid hormone (PTH) also aids in absorption of calcium in the
presence of vitamin D and may be involved in the phenomenom of adapta-
tion to changinn dietary intakes of calcium (Shah and Draper 1966).

The effect of PTH in promoting calcium absorption correlates with the
high calcium absorption usually found in patients with hyperparathyroid-
ism and the decreased calcium absorption in those with hypoparathyroidism.

Calcitonin does not seem to have any consistent effect on calcium
absorption from the GI tract of man (Gray ot.ol. 1973, Nordin 1973).
Howevsr, other hormones have a more consistent influence; cortico-
steroids and thyroxins both decrease calcium absorption (Bunim et.al. 1958,
Slater et.al. 1958, Gallagher et.al. 1973) and pituitary hormones
enhance absorption (Henneman et.al. 1960) although the mechanism of these
actions has not been completely elucidated.

High dietary intakes of strontium produce skeletal abnormalities
which are similar to rickets and it was initially assumed that strontium
interfered with calcium absorption. Although the two possibly share a
common carrier mechanism, absorption is definitely discriminate”// in
favour c¢f calcium (Corner et.al. 1956, Uasserm.in 1963, Lengeman 1967).
Large amounts of strontium must be ingested for it to significantly
affect calcium absorption.

The effect of various drugs on calc'um absorption has been investi-
gated and has procudnd somewhat inconsistent results. However the
effect of several drugs must bo noted as they are frequently used in
long term therapy:

Anticonvulsants: Prolonged therapy with phanobarbitune and diphenyl-

hydantoin has been shown to cause decreased calcium absorption,
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hypocalcaemia, rickets and osteomalacia (Dent et.al. 1970, Richens

and Roue 1970). This could be by a direct effect on calcium

absorption, however it is probably mediated via an effect on vitamin D
metabolism (Hahn ot.nl. 1972). Only a small proportion of patients on
anticonvulsant therapy show disturbed calcium metabolism and it may be
counteracted by pdministrering 25 OHD” or a larger dose of vitamin

(Stamp et.al. 1972).

Biguanides, cholestyramine, diuretics: Although those drugs are
unrelated, they are all frequently used for prolonged therapy. Them

is sufficient evidence that patients receiving them should be monitored
for calcium and vitamin D status although evidence of their effect on
this in man is not always known or consistent. Caspary (1971) found that
biguanides decrease calcium transport in the rat, although the effect

of this drug on diabetic humans has not been investigated. The effect

on calcium metabolism of both cholestyramine and diuretics of patients
receiving them has produced conflicting results but significantly alter-
ed calcium and vitamin D metabolism has been observed in some patients
and warrants monitoring (Briscoe and Ragan 1963, Thompson and Thompson J969,
Gursel 1970, Donath et.al, 1971, Runebnrg nt.al. 1972, Ehrig et.al. 1974,

Harrison and Ross I960).

2:4 Caliium excretion
Calcium is excreted in urino, faeces and sweat. Urinary calcium is

usually expressed as mg/24 hours, and on a free diet the range is

50-500 mg/24 hours (Bulusu et.al. 1970). Urine calcium excretion

varies uy geographical 1location (probably related to diet), is higher

in healthy males than healthy females, and rises during childhood to

a fairly steady level in adult life, th decreases with old ago.
Because of the great variation in urinary ill ium excretion, one must

establish normals for i population group.



Calcium excretion ia regulated by a combination of filtration and
partial reabsorption, although the exact nature of calcium reabsorption
in the kidney is not clear. Serum calcium level 1is probably not the
primary factor governing this, rather hormonal and other endogenous
factors control kicney excretion of rglcium. Dietary intake of calcium,
however, does influence calcium excretion. Based on studies of changing
urinary excretion with reduction of calcium intake, Nordin (1976) has
proposed that urinary calcium excretion in an individual decreases by
a constant factor of the calcium excretion of the highest dietary intake
of calcium. MacFadyen et.al. (1965) maintain that if serum calcium is
measured with sufficient precision, changes caused by dietary intake may
be detected, which can also be correlated with changes in urinary cal-
cium excretion. Hegsted nnd Linkswiler (1980) found that high protein
diets also caused increased urinary calcium excretion without affecting

*calcium#absorption. There 1is a correlation between the urinary clear-
ances of sodium and calcium; high dietary sodium intake and some diuretics
cause an increase 1in calcium excretion.

Parathyroid hormone and calcitonin have a major effect on tubular
reabsorption of calcium; serum phosphate level (partially a reflection
of dietary phosphate intake) also plays a part in calcium excretion.

About 400-000 mg calcium par day (both dietary calcium and endogenous
faecal calcium) 1is lost in the faeces, although this figure depends
heavily on dietary intake of calcium. Of this amount, 130-140 mg is
endogenous faecal calcium; Heaney and Skillman (1964) found that endog-
enous faecal calcium tends to rise with increasing dietary calcium.

The amount of calcium lost in sweat is usually insignificant, how-
ever, it may be as high as 30% of daily losses when doing heavy labour
in excessive heat and must ho considn d as an important factor in these

given conditions (Heaney and Skillman 1964).
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wall. PTH also influences phoapho;;

mobilization of bone calcium witt pl uo- . t £ ' -
tonin is important, in regulating ilu.ium Te ). |
homeostasis during growth spurt' .me Y Inc, pregnane. in lactation
seldom causes leeching of calcium from K bon?-; iuw :, ir previously
calcium and vitamin D depleted uni , 1 1 . i to oetf omalar it

(Davidson 1973).

2:6 Calcium rnalabsorptioi

Malabsorption of calcium ocm i T ;iuty t urinations. Vitaml
deficiency causes decreased celciuti absorption m does chronir ran?
disease where patients are unable to rnetabolist- /itaml h to 1,/v oh:
either because of damage to renal tissue or the hipi plasme pimar
levels which block this metabolic action. Various malabem p-
syndromes which impair the intestinal absorptivt
accompanied by frequent fatty stools are also

decreased calcium absorption.

2:7 Hyperabsorption of calc Jjm

Hyperabsorption of calcium doe* ex: , f.: 4y - urity A
people in whom it occurs it is not e prob . : erdoiaivi e uwol. ?
tal calcium plus high intakes of wvitan R I v et :5,mg th
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cause of hypercalcaemia. Exces; " intaki Tmil- nrv! alku" i fox-

peptic ulcers co-exieting
calcaemia. Hypercalcaem
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this problem is rare.
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intake, but is more 1likely to be caused by high absorption of calcium

from the diet (Nordin et.al. 1972).

2:0 Calcium deficiency

Nutritional rickets has been established as a vitamin D deficiency,
generally occurring in children under 2 years of age, whose diets may
or may not be deficient in calcium and protein. Recently, however,
rickets in older children has been reported with the hypothesis that
these abnormalities are due solely to "alclum deficient diets.
Malt et.al. (1970) reported a child with calcium deficiency rickets,
who had a normal vitaminDand phosphorus intake and who responded to
a calcium supplemented diet, Pettifor et.al. (1978) investigated nine
children with radiological/clinical/biochemical evidence of rickets.
The usual causes of rickets (vitamin 0 deficiency, inherited hypophos-
phataemic vitamin D resistant abnormalities and ronal failure) were
excluded and he concluded that low dietary calcium could be the causa-
tive factor. Further population studies (of which this thesis is a
part) have shown tnat these children were the most severely affected of
e population marked by low serum calcium levels and retarded bone growth
(Pettifor 1980). Kooh et.al. (1977) reported a single infant exhibit-
ing calcium deficient rickets; he, too, ha evidence of vitamin D
deficiency and healing of the rickets oc .rred with a change in only the
calcium content of the diet. Rudolf et.al.(1980) reported four children
with infantile rickets; all had low dietary calcium intakes. Dietary
vitamin D was assessed to be inadequate, however the serum vitamin D
level was measured in only one child and found to be normal. She did
not pinpoint low dietary calcium as the causative factor, but stated
that the rickets was "due to factors other than o pure inadequacy of
vitamin D".

Osteoporosis 1is characterized by a reduction in bone mass without

a change in percentage composition; studies with radioactive tracers



show that it is an excessive breakdown of bone rather than a lack of

new formation. Osteoporosis occurs most commonly in women over 60 years

of age; this suggests that the nutrition of bone maintenance, as opposed

to bone growth, needs further investigation. Studies of nutritional

status have indicated that calcium requirements for the elderly are

higher than the standards proposed for adults (Ohlson et.al. 1948,

Roberts et.al. 1940, Ackerman and Toro 1953). Opinion is divided about

the role dietary calcium plays in osteoporosis; some workers implicate

low calcium intake us a cause, others conclude that calcium intakes are

not at fault (Albright and Reifenstein 1948, Bogdonoff et.al. 1953,

Malm et.al. 1958, Walker 1965, Davidson et.al. 1973). Hormonal defic-

iencies are also cited as contributing to osteoporosis and studies with
calcium supplementation plus hormone therapy have increased calcium

retention and delayed osteoporotic activity (Whedon 1957, Nordin 1958,

iin et.al. 1974).

Osteoporosis occurs less frequently in the Negroid races, but the

reason for this ethnic difference is unknown. In the South African
Black, osteoporosis associated with siderosis occurs in middle age adult

males, but this is probably a special phenomenon; true senile osteo-

porosis 1is very rare (Walker 1965).



CHAPTER 3: HUMAN REQUIREMENTS AND RECOMMENDEDAI 'OWANCES FOR CALCIUM
3:1 Techniques of determining human calcium rBquiremonts

The determination of rel”ium requirements and the setting of dietary
allowances 1is a subject that runa high with strong feelings end much
conjecture. Several methods have been employed in an attempt to
determine calcium requirements. Total body analysis taking into con-
sideration the relationship between body weight and skeletal weight
will estimate calcium deposition at various age;,. This figure plus
estimates of efficiency of calcium absorption and calcium loss can be
used in setting daily calcium requirements.

Balance studies, measuring total intake ano excretion of calcium,
to determine the dietary calcium level at which intake equals output
have been widely used; in fact, the calcium requirements of adults have
been determined primarily by this method. Determination of calcium
requirements by the balance method has four technical problems:

1) non-random collection errors which tend to increase the apparent
retention. 2) adjustment to differing levels of dietary calcium intake
may be slow. 3) study periods need to be long enough to overcome
irregularities in faecal excretion. 4) no account is taken of dermal
loss. Although frequently used, balance studies to determine calcium
requirements during childhood are of dubious value because the require-
ment for optimum growth is unknown.

In recent years isotopic calcium (""'calcium or “calcium) has been
used to determine calcium requirements by measuring intestinal absorp-
tion, endogenous faecal excretion and urinary losses of calcium from
the diet. Measuring dietary calcium intake and relating this figmru to

growth patterns which are norm il for anthropometry, body composition and



bone density has been used to estimate requirements during periods of
growth and during aging.

A significant finding with all methods of investigating calcium
needs has been the great variation among individuals, further complica-

ting th» determination of standard calcium requirements.

3:2 Calcium requirements during childhood

Considering that calcium represents 0,1-0,8% of early foetal fat-
free weight, this means, 1in practical terms, a mean increment in calcium
deposition of 160-180 mg per day during the 20 year growth period. of
course, calcium storage does not occur at this even rate, but is
retained at rates that wvary enormously throughout growth. Relating
skeletal growth and the consequent increase in total body calcium to
total body weight gain, the estimated daily increment in skeletal

calcium at various ages ia shown in Fig. 3:1. Balance studies have shown,

400

E 300

200

v 100

Figure 3:1 The estimated daily increment in skeletal calcium of
children at various ages. (Leitch and Aitken)



however, that actual calcium retention may be higher than the theoretical
retention estimated aa rutlined on the previous page, especially during
periods of slower growth (Holmes 1945, Sterns 1952).

.Children need to be in positive calcium balance, but tha degree of

positive balance optimal at different agea 1is unknown. i
Hawley (1922) in a series of balance studies with i
levels found that calcium retention increased ur . .he d.d <n ' in u”e

provided 1 gram of calcium per day; at hioher calcium intake levels,
calcium retention showed only minimal Increases. They cc.icluded theit
an intake of 1 gram of calcium per day provided for optimum calcium
storage from 3 to 13 years of ege. Other investigators at this time
reported similar results relating to intake and retention of calcium
(bang ot.al. 1928, wWillard and Blunt 1927). These early studies did
not indicate if subjects receivod an adequate amount of wvitamin D;
later workers made provision for some form of vitamin D supplementation
and found that adequate calcium retentions could be obtained with
lower calcium intakes, A summary of the balance studies on children

2 to 18 years is presented in Table 3:1, showing calcium intake per
day, calcium intake per kilogram body weight and retention in milli-
grams calcium per kilogram body weight. All subjects were white
children (American or European) unless otherwise noted. As (xin be
seen the- studies cover a wide range of calcium retentions reflecting

both individual variations in calcium metabolism and differences in

balance techniques. The fact that lower calcium intakes will provide
positive calcium balance the Ceylonese, 1Indian and African studios
has been explained several ways: 1) adaptation to constantly low

calcium intakes by more efficient absorption of dietary calcium.
2) increased vitamin D from greater exposure to the sun in the tropics
enhancing calcium utilization. 3) these children tend to be smaller

than their European counterparts and when calcium requirements are



Table 3:1 Summary of findings of calcium

GAge No. of i Calcium Intake
roup Subjects
(years) mg/day mg/kg
2-4 11 200-460
2-6 12 615-1800 95-110
2-6 7 1650-1895 95-110
3-5 28 204 15
3-5 10 800-1350
3-6 10 35-100
3-6 10 700-1100 41-61
3-6 7 720 45
4-7 4 183-245 12-18
6-12 17 15-30
6-13 9 991 23
-3 12 20-40
8-11 8 1295 40
12 1 44
12-13 4 1495-1520 45-55
12-15 23 1504 42
12-13 5 849-1109 32-33

expressed in mg/kg body weight, u v art mu-

Dietary surveys combined with mon

maturation in healthy children should ide

balane ¢ studies on children
C-.lcium
Retention Author
mg/kg
5-13 Yah 4 Adolph 1939
(Chinese subjects)
7-8 Outhouse at al 1939
12-14 Holt 1 Fails 1923
7 Bogum & Pereira 1965
(Indian subjects)
3-10 Daniils et al 1934
5-14 Daniels et al 1929
11-12 Pierce et al 1940
9 MeLoan et al 194f
5-11 Nicholls 4
Nimalasuriyi 1939
(Ceylt Mesci subjec t
7-11 Holenans 1
Lambruchts 1945
(Afrit, n subjects)
7-14 Shiftman 4 Hawley IT
2-16 Petr inkina 1934
8 Lutwdk et il 1964
(Adm r. Indians)
13 Willard A Blount 1927
4-0 Wang pt al 1928
11 Wang et al 1936
6-10 Harbst 1912/1913
in 1ie with of - studies.
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satisfactory for the general population. However, different workers
cannot agree on figures for ar.y of the four factors involved and so
produce widely varying estimates of calcium requirements.

Studies estimating calcium requirements for South African Black
children have, in addition to the problems besetting all studies, sev-
eral inherent difficulties: 1) ages of Black children, particularly
rural children, may not be accurately known. 2) growth patterns of
African children which may be influenced by ethnic and environmental
factors have not been determined. 3) the general increase in height
characteristic of succeeding generations of European/American/Asian
children has not effected African children (Walker 1954). Eighty-five
to 90% of the South Afr’can Black population has a dietary calcium
intake of 250-450 mg per day and although bone growth and mineral con-
tent may be less than that in the White population, Black adults are
similar in total bone calcium and phosphorus and metacarpal cortical
thickness and height to South African Whites and Indians (Walker 1966,
Walker 1972, Walker et .11 J971). The most well-known worker in this
field in South Africa, Professor A.R.P. Walker, concludes, "Finally, ...
the writer maintains that diets that permit growth and are consistent
with everyday good health contain enough calcium for physiological pur-

poses.

Table 3:2 summarizes calcium requirements for different age groups

suggested by various workers using the methods cited in the text.

3:3 Calcium requirements in adulthood

Balance studies have been the method primarily used in establishing
calcium requirements for adults. Calcium intake in adult life needs to
be sufficient to preserve calcium balance end to maintain an intact
skeleton. Although, as with calcium balance studies during childhood,

there is a wide wvariation in results, it is generally agreed that a
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Table 3:2 Calcium requirements of children as determined by studies

employing various criteria.

____________ T
Age . , , , 1ci
Group Noi of No. .of Principle Criteria Ca.c1um Author
Subjects Studies of Study Requirement
(years)
2-5 166 1 Roentgenology 0,2-0,7 g Alien 1953
69 10 Retention 0,46-1,12 g See Table
43-64mg/kg 3:1
3 Calcium accretion 0,5-0,9 g Holmes 1945
30-45mg/kg  Lfiitch 1959
Mitchell 1939
6-12 69 7 Retention 0,2-1,3 g See Table
12-40mg/kg 3:1
4 Calcium accretion 0,235- Holmes 1945
1,53 g Leitch 1959
Mitchell 1939
Nichoils 1939
13-16 41 6 Retention 0,9-1,6 g See Table
3:1
3 Calcium accretion 1,0-2,6 g Holmes 1945

Mitchell 1939
Nichoils 1939

calcium intake of 9 mg/kg body weight, 500-600 mg daily, 1is necessary

to meet calcium needs. This requirement may need to be increased with
age to compensate for increased bone resorption, basal calcium excre-
tion and decreased absorption of dietary calcium that accompanies aging.
Whether these changes are due to hormonal regulation or an alteration

in the metabolism of vitamin D rather than an increased need for calcium
per se are problems currently being investigated and argued. However,

a few studies have ahown retarded bone loss with calcium supplementation
in the elderly (Albanese et. al. 1973, Nordin et.al. 1974).

That normal young adults can adapt to low calcium intake has been
shown most reliably by the classic studies of Malm working with
Norwegian prison volunteer subjects (Malm 1953, 1958). Adaptation
depends at least in pert on the hormu 1 metabolite of wvitamin D,

1,25 (0H) 2>, The probable mechanism involved in adaptation is shown

diagramatically in [ig 3:2. Adaptation involves a varying period of
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low calcium diet
4
fall in calcium absorption
fall in plasma calcium
increase in production of PTH by parathyroid glands
increase in production of 1,25 OHD hy the kidney
increr.se in calcium absorption
plasma calcium restored to previous value

Figure 3:2 Schematic diagram of the probable mechanism involved
in adaptation to low dietary calcium intake.

negative calcium balance during which there may possibly be irreplace-
able bone loss or other damage suffered by the skeleton. Using these
studies as a base for calcium requirements would seem unwise. These
limitations are to short term studies of calcium adaptation as opposed

to studies among populations whose habitual dietary calcium intake 1is

low,

3:6 KecommondeO calciur alloi,,in(.f

The foregoing discussion hal been concerned with requirements, the
mean amount of calcium which will meet the needs of the average person,
A recommended allowance should bo the amount which when consumed by a
population meets the needs of 95$ of them. Given the wide range of
results of studies of calcium requirements, substantially higher recom-
mended allowances have been marie. Table 3:3 1lists the dally allowance
for calcium for children recommended by various,countries and/or
organisations.

It has been argued that the recommended daily allowances of the
U.S. Department of Agriculture are unreasonably high, but they reflect
the standard of optimum nutrition in an affluent society. The FAO/UHO

Committee has given substantially lower levels for calcium intake, but



the report of the International Committee (FAO/WHO 1960) used the term
'suggested practical allowances', practical being the determinative

word when dealing with underdeveloped nations. The recent recommenda-
tions of some European countries have followed the EA0/WHO reports and

have lowered their recommended daily allowances.

Table 3:3 Recommended daily allowances for calcium (in milligrams)
for children set by various countires/organisations

Country or Recommended Daily Intake of Calcium (mg)
Organisation Age 1in Years

iigigice 1 1-9 10-15 16-19
FA0/UHO1 500-600 400-500 600-700 500-600
USDA2 360-540 800 1200 1200
U.K.3 600 500 600-700 600-700
S.Africa” 700-800 1200-13u0

Canada” 500 500

India” 400-500 600-700

gfood and Agriculture Organisation/World Health Organisation 1973

gU.S. Department, of Agriculture 1973

"U.K. Department of Health and Social Security 1969

“"Dietary Standards Committee, National Nutritional Council, South Africa

“Canadian Council on Nutrition 1964

Indian Council of Medical Research 1968
As absorption of dietary calcium is influenced by vitamin D and
other factors, possibly the FAO/WHO recommendations are adequate allow-
ances for underdeveloped countries, most of which are tropical or
sub-tropical and have few or no large cities with high buildings and/or
smog to screen out sunlight. Too, populations used to constantly low
calcium intakes may uti' ze dietary calcium more efficiently. Quite
possibly there may need to ho different recommendations for different
population groups and/or geographical areas. Many workers seem to think,
however, that the FAU/UJHO recommendations are inadequate to meet the

optimal calcium needs during the pubertal growth spurt (Nordin 1976).



23

"hi eyoor¥* VoMi. nt.yirir'tivivdj  uiniai." t5. (1Ali/WHU 1960) wused the term
'—fuygtifir.er prtiot.lch' illowanuei ', practical horny the determinative

lord '"ihei dualinu H!tf underdeveloped natJona. Fho recent recommenda-
*ion?: ot acw European countries have followed the Tfl0/1iJHO reports and

av« lowered their recommended daily nilouancn

iib.lt '< ' Dbticommendtid daily allowances for calcium (in milligrams)
for children set by various countires/organisations

Country or Recommended Daily Intake of Calcium (mg)
Organisation Age 1in Years

ii;i«;fce 1 1-9 10-15 16-19
FAO/UHP1 Su0-600 400-501.1 600-700 500-600
USDA* 160-560 800 1200 1200
U.K.' *:0I. 500 600-700 600-700
S.Africil 700-800 1200-1300

Canada 500

Indief 400-500 600-700

.,Food and Agriculture Organisat "on/Uorld Health Organisation 1973
~1).5. Department of Agriculture 1973
U.K. Department of Health and Social Security 1969

Dietary Standards Committee, National Nutritional Council South Africa 1956

Canadian Council on Nutrition 1964
Tndi«n Council nf Modfed Research 196
10eorptior of dietar> .ulciuw iz influenced by wvitamin D and
in adequatn allow-
WMces. "o nurrdeve!oped countries, most of wh h are tropical or
lub-tropica3 and have few oi no largo cit !es with high buildings and/or
mop 0 S' eeer nut aunlighf. foci, population used to constantly low
ill uii ntekfif. may i'H.d 1;4- dietary calcium more efficiently. Quite
uuivbly " lore may neac' to bu diPforanl recommendations for different
(inpuls' 10! qroupt-. mnd/o (leographici . Many workers seem to think,
f iwevfi’, *hat fhi fAO/WH1' incomnii .-lat o . K] nadequatr to moet the

opt .mm! ilr iun 'ibwiI din ini, t1 pnf tt W . "'"t.h spurt (Nordin 1976).



CHAPTER 4; SOURCES CF OQItTAR't ..M., inn;
4:1 Dibcary Calcium

Calcium intake varies greatly from ry .uunfi, it well at.
among individual populations. Table 4 :1 lists the daily calcium intak.

in various parts of the world (Wohi and Grodherd 196D, FAO/WHP 196/).

Tab”e 4:1 Daily dietary calcium intake per capita in var'nu- 1ee

Calcium Intake
Country

mg/day

Argentina 651
Australia 83?
Brazil AQf
Canada 10<
Chile 520
Colombia

Denmark 1001
Ecuad "H
Finland 132.
France 93:
Holland 980
India 347
Israel 884
Italy 033
Jamaica 345
Jcpan 3%,
Lybia 313
New Zealand 1165
Norway 856
South Africa 442
Thailand 266
Turkey 547
U.K. 1000
U.S.A. 1616
Venezuela 870

Vietnam 680
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When the subject of dietary sources of calcium is mooted, nilk
and other dairy products are at the forefront of the discussion. Much
of the early work of estimating calcium requirements by balance studies
used milk as the main source of calcium because it was a common food
among the people participating in the studies and because it made vary-
ing the amount of calcium in the diet possible without drastically
changing usual eating habits. Thus, when results were published and
recommendations made, they usually included the guideline that the daily
calcium allowance could be met by the intake of a pint of milk daily.
This guideline has been held for 60+ years and come; to us, popularly,
as 'drinka pintal or metrically, ‘'eata litre*. Indued, for most
Western nations, milk and milk products are the principle dietary sources
of calcium. Table 4:2 shows the percentage of calcium in food stuffs
supplied by dairy products for various countries. Despite the degree

Table 4:2 Percentage daily intake of calcium supplied by dairy products
for various countries

Western Countries Eastern Countries
Percentage calcium Percentage calcium
Country supplied by dairy Country supplied by dairy
products products
Argentina 70,7 India 42,4
Australia 74,4 Ivory Coast 0
Canada 01,6 Japan 15,8
Denmark 74,9 Turkey 43,0
franee 66.5 United Arab
Republic 31,b

New Zealand 79.5 P
South Africa 63,3 Venezuela 34,7
U.K. 50,0 Vietnam 19,7
U.S.A. 76,1

of optimum calcium nutrition, milk products supply 50% of the total

ries. Contrary to this, most Eastern
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populations and underdeveloped countries have less of their dietary
calcium coming from dairy products.

Of course it is possible to maintain adequate calcium nutrition with
a small or no intake of dairy products. Some balance studies have been
conducted specifically to test other sources of calcium; Yeh and
Adolph (1939) working with children in northern China used vegetables
and bone ash; Begum and Pereira (1969) wood green vegetables in studies
with Indian children and various other studies in India have used indigen-
ously produced plant foods (Karnani et.al. 1943, 5ur et.al. 1955,

Doseph et.al. 1956, 1959). The calcium content o”" some representative foods
is shown in Table 4:3.

Expressing calcium intake as food needed to provide the recommended
daily allowance can be instructive as the following example shows. The
FAQ/UHQ recommended daily allowance for calcium is: 1-9 years, 400-500 mg;
10-15 years, 600-700 mg; 16-19 years, 500-600 mg. Table 4:4 gives three
alternate lists of foods that will provide for these daily allowances:

1) milk as the primary source of calcium, 2) mixed diet and milk,

3) mixed diet with a minimum of milk. Those 1lists are solely outlines
written specifically to moat calcium requirements; they include food-
stuffs commonly eaten by the South African Black. With the addition of
stiff mealie meal porridge in the quantity usually consumed by each
age group, they would provide adequate energy and protein intakos. The
menu patterns written using a minimum amount of milk are cumbersome;

the amount of food to bo consumed is likely to bo greater than the appe *
tite of the younger child and the inclusion of a wvariety of foodstuffs
not produced by the rural Black would make it expensive. The food lists
in Table 4:4 wore costed and at all throe ago levels, 1list 1 (milk as the
main source of calcium) was considerably henpoi (33-41 cents as opposed
to 38-81 conta for lists 2 and 3); see Appendix A for detailed costing.

Much more practical would be a nutrition education program stressing the



Table 4:3 Calcium content of various foods

Food

Milk Products
Whole milk
Skimmed milk
Condensed milk
Dried milk

Sutter

Cheese, soft
hard

Cereals
Rice, uncooked
Oatmeal, uncooked
Bread, white
Bread, brown
Maize meal, sifted, uncooked
Maize meal, unsifted, uncooked

Meat
Beef
Chicken
Lamb
Liver
Pork

Fish
Hake
Kabeljou
Pilchards
Prawns

Fruit
Apples
Grapes
Grapefruit
Pawpaw
Spanspek

Nuts/pulses
Dried beans
Peanuts

Vegetables
Carrots
Cabbage
Potatoes
Pumpkin
Spinach
Sweet potatoes

“Sinclair and Hollingsworth (1969)
United States Department of Agriculture
Fox (1966)

(1950)

Calcium
mg/100g

120

124
290-385
895-1225

15

362-540
810-;200

24
53
41
47
3
5

11

12

10
8-12

41
11
33

100

21
23
11

163
74

37
39
13
18
58
24

Ref

277



Table 4:4 Food lists to meet FAO/UHO recunmended dally allow nco for
calcium, using: 1) milk as main source of i.ilclu:
2) milk and mixed diet
3) mixed diet, minimum milk
1-9 years 1U-15 years 13-16 years
Diet allowance: tv.0-500 mg/day *llowen e: 6C3-700 mg/day allowance: 500-U00 mg/day
Weight Measure Food Cart(;:lum weight Measure Food Ca; ™ uw Weight Measure Food Cer%gium
500 ml Whole milk 410 £25 ml Whole milk 510 625 ml Whole milk 510
90 g 3 slices Brown bread 45 120 ( 4 slices Brcwr breed 60 120 9 4 slices Brown bread co
1 150 ' Potato 40
100 a 1 cup Vigetables
Daily intake -Is Daily intake 630 Daily intake
250 ml Whole milk 205 375 ml Wnole milk 305 37 ml Whole milk
90 g 3 slices Brown bread 45 180 i ft slices Broun bread 90 150 9 6 slicas Srcwn breed 90
75 g cup Potato 20 150 Potato 40 75 9 i cue Potato 20
2 100 g 1 cup Vegetables 20 1 cup Vegetables 20 S0 o 5 cup Vegetables 10
75 g * cup Cooked rice 10 150 i 1 cup Cooked rice 20 ISO ¢ 1 cup Cooked rice 20
100 g 1 cup Cooked dried beans 100 100 1 1 cup Cioktd cried beans 100 100 ¢ 1 cup Cooked dried beanslOO
100 g 2 pieces Fruit 20 150 3 pieces Fruit 30 100 g9 2 pieces Fruit 20
Daily intake 420 Daily intake 605 Daily intake
40 ml Whole milk 25 40 ml Whole milk 25 40 ml Whole milk 25
180 g 6 slices Broun bread 90 240 - 8 slices Brown oread 120 240 9 8 slices 8town bread 120
150 g 1 cup Potato 40 300 £ 2 cups Pctato 80 9 2 cups Potato
100 g 1 cup Vegetables 20 200 2 cups Vigetaoler 40 100 ¢ 1 cup Vegetables 20
130 g 1 cup Cooked rice 20 225 - 1& cups Cjoked rice 30 ISO o 1 cup Cooked rice 20
3 100 9 1 cup Cooked dried oeans 100 150 1* cups Cooked dried beans 100 9 1 cup Cooked dried deenalOO
50 g Tinned fish 100 50 i Tinned fish 100 50 o9 Tinned fish 100
15 g 1 Tbsp Peanut butte- 15 1 Tbsp Peanut butter IS o 1 Tbsp Peanut butter
OR 15 OR 15 OR 15
15 g Meat/chicken 15 , Maat/chicken 15 ¢ Meat/chicken
100 g 2 pieces Fruit 30 200 4 pieces Fruit 40 200 ¢ 4 pieces Fruit 40
15 , 1 Tbsp Peanut butter J1 15 ¢ 1 Tbsp Peanut butter 15
Daily intake 430 Daily intake 615 Daily intake 535
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use of high calcium dairy products. This is particularly pertinent to
the South African Black for his diet does not normally contain any food
other than milk as a superior source of calcium.

Calcium nutrition in vegetarian.'; has not been widely studied; however
adequate cslcium nutrition is possible. Dwyers et.al. (1979) investiga-
ting children following vegetarian and/or 'macrobioticl diets found calcium
intakes of 300-600 mg per day at ages 1 to 5 years; this overlaps the

FAO/WHO recommended allowances.

4;2 Calcium supplements

The necessity and desirability of using calcium supplements for the
general population sparks as much discussion as does the supplementation
of any vitamin or mineral on an epidemiological basis. Britain intro-
duced calcium supplementation of bread flour (as calcium carbonate)
during World War II to counteract the threat of rickets due to the use
of high extraction whole wheat flour which had high levels of phytic
acid. This reasoning may have been incorrect but the fortification of
flour has continued although probably based on the suggestive evidence
that increased calcium possibly is protective against cardiovascular
disease, rather than to meet calcium requirements per se (Crawford 1968).
Presently, there is great controversy about fortifying the chapatty
flour used by Asian immigrants to the U.K. as part of a calcium-vitamin D
supplementation program to control the increase in the number of cases
of rickets among this population (Dunnigan et.al. 1976, Robertson et.al. 1977,
Singleton and Tucker 1978, Compston 1979).

The United States fortifies bread with 4% milk solids, providing a
six-fold increase in the calcium con!not, but unfortified bread is also
available.

For several years, South Africa supplemented brown bread with a
3-4$% premix of skim milk powder, defatted groundnut meal and a calcium

salt. This was aimed at the problem of protein-onergy malnutrition, but
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was discontinued in 1960 because it did not make a significant contribu-
tion against the deficiency conditions it was designed to prevent
(Walker 1963).

As previously stated, there 1is little or no evidence that calcium
38 a limiting factor to growth in humans. There have been reports
supporting increased growth with calcium supplementation and studies
noting no difference in growth patterns between supplemented and unsupple-
mented groups (Aykroyd and Kinshnam 1938, 1939, Bansal et.al. 1964,
Luyken et.al. 1967, Daraiswamy et.al. 1977). Pettifor et.al. (1981) in
a study to determine the effects of calcium supplementation on serum
calcium levels of rural Black school children in South Africa found no
difference in growth between supplemented and unsupplemented groups over
the three months of the study; growth, however, was not one of the pri-
mary considerations in planning this short-term study. Investigations
into calcium supplementation and the effect on growth would certainly
need to be long-term in nature, covering, 1if possible, a whole generation.

Maize meal, the staple of the rural South African Black’s diet is
very low in calcium. The practicality of fortifying the meal with cal-
cium 1is virtually nil with many rural people grinding their own meal
or having it done on a community basis. The desirability or necessity
of such fortification 1is also very slight based on experimental scienti-
fic evidence. Most rural Blacks are not vegetarian for religious or
ethnic reasons and readily include animal products in their daily diet
if possible. People usually have cattle and goats and teaching better
management of their beasts and the necessity of giving the children the
milk produced by the animals would he easier and more economical than

considering calcium supplements.



CHAPTER 5: CALCI1'H STATUS OF BLACK CHILDREN IN A RURAL S.A. CUMMUNIIY
Calcium requirements have traditionally been established by the
calcium balance technique, but the value of such studies in childhood

ia doubtful because tho requirement for optimum growth is unknown.
Both individuals and population groups vary enormously in their need
for calcium as established by various techniques. The fact that most
people in developing countries appear to be physiologically normal on
calcium intakes which may be very low has been explained by long term
adaptation, increased vitamin 0 and smaller stature, but, again, does
not take into account the calcium requirement for optimal growth.

Recommended intakes of calcium also vary enormously, depending on
the body drawing up tho recommendation. The FAO/UHO Committee recom-
mendation io considered to be the minimum to allow for normal growth;
it provides very little leeway for individual variation. Many
Western nations with more developed economies have recommended a gener-
ous intoko of calcium, and other countries make recommendations that
try to be practical as well as optimal.

In spite of the obvious nood for calcium in bone formation,
indisp .tablo signs of calcium deficiency in humans are lacking.
Although there is little or no evidence th it calcium alone is a
limiting factor to growth, the doubling and trebling of calcium
intakes may bo a contributory factor to tho increased growth observ-
ed over several generations in various countries. However, there is
no scientific evidence to support this increase alone as being
decisive rather than tho combination of it, tho increase in energy
intakes and tho increase in quality and amount of protein intake.

Findings are accumulating, however, that low dietary calcium may produce
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rickets in infants an J children (Maltz et.al. 1970, Kooh st.al. 1977,

Pattifor at.al. 1978).

5:1 Calcium deficiency in the rural South Afr can Hlack

Rachitic bone deformities in Black juveniles admitted to Baraguanath
Hospital have been noted over the post 20 years, and it has been thought
that the pathogenesis of this condition was not due to vitamin D defic-
iency (Taitz 1952). However little effort was made to investigate
this problem until recently, when Petti for (1980) proposed that low diet-
ary calcium intakes could be the causative factor. He investigated

thirteen children admitted to hospital whose rickets healed on a normal

diet with or without clacium supplements. The children were not vitami .0
deficient, and renal abnormalities were ruled out as the cause of the
condition. Most of the children came from a circumscribed aiea (Driefontein)

in the Eastern Transvaal (near Piet Retiof); a further random sampling
study undertaken to determine if the problem was confined to this area
showed that children in Driefontein had significantly lower serum calcium
and higher serum alkaline phosphatase levels than children from either a
nearby urban community or from Soweto, mar Johannesburg (Pettifor ut.al.l1980).
A further investigation into the aetiology of this problem involved
dietary calcium supplementation (Pettifog ct.al. 1981). The study
group, given a supplement of 500 mg clacium daily, had a significant rise
in serum calcium levels nfter one month id a significant drop in serum
alkaline phosphatase levels after 2 months, while the control group,
receiving a placebo, showed no significant changes in either sorum calcium
or serum alkaline phosphatase.

Preliminary work suggested that t t chi loron exhibiting tho bone
deformities accompanied by the biochemical abnormalities (lowered serum

calcium, raised serum alkaline phosphatase) had calcium intakes consider-

ably lower than the FAO/UIIQ recommended allowances (Pottifor 19RO0).



A further study, planned aa a baseline investigation for a socio-
logical/health intervention programme, of the whole community of
Driefontein allowed for controlled dietary investigations. These
investigations were two-fold:

1) to establish if the observed biochemical abnormalities of

calcium metabolism were related to dietary calcium intake,

2) to establish the reliability of the dietary history including

a 24-hour dietary recall as an investigative technique in a

rural South African Black community.

5:2 Selection of subjects

Children were chosen both from randomly selected and volunteer
subjects participating in a general health investigation conducted as
part of a calcium research project in the Driefontein area (Pettifor,
unpublished data), fifteen children at each age level, 3-5 years,
8-10 years, 13-16 years with lowered serum calcium ( <,9,0mg/dl) and
raised serum alkaline phosphatase ( "300 I.U./l) levels were selected.
(N.B.1 as serum alkaline phosphatase levels were uniformly within the

normal range in the 3-5 years age level, children solely with low serum

calcium concentrations were selected for study.) Control subjects with

normal serum cnlcium and alkaline phosphatase concentrations wero age/sex

matched to the study children as far aa possible.-

5:3 Bjo.".wroii;il and physical invest ig Il Ip.i nn< :nirp.l ing MA<Y)-) i
Anthropometric data, a blood sample and a random urine specimen

were obtained from each child. The measurements recorded were height,

weight and triceps skinfold thickness; ill measurements were carried out

by trained, experienced lay staff members. Bone density was measured

on a Norland Bone Mineral Analyser by medical personnel trained in the

use of the machine. On all subjects 5 years and older, the average of

three sanamte measurements of hono width and bone mineral content of
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tho radium measured midway between wrist and elbow was used. An x-ray
of the right hand and wrist was taken by a qualified radiographer. Each
child was given a general examination by a physician,

Dlood was taken by venepuncture and collected in evaluated plain
glass tubes with rubber stopp9rs(Vacutuiners): sera was ored
at -20°C until the various chemical analyses could be performed. The
biochemical investigations wore carried out by standird methods and
include: serum albumin (Northam ot.nl. 1967); serum calcium (Duncan 1976);
serum phosphorus end creatinine (Technicon Manual 197?); ncrum alkaline
phosphatase (Morganstorn et.al. 1965). As samples were collected as
part of a field study, care was taken to ensure subjects had not eaten
for at least two hour:: before sampling in an effort to minimise the
effect of dietary intake on the results obtained; food was provided
for the subjects following examination.

Random urine samples were collected from subjects and an aliquot
stored at -20°C until analysis. Urinary calcium excretion was calculated
from the calcium:creatinine ratio (UcazUcr). All biochemical tests
performed on the children were carried out in the laboratory of the
Metabolic and Nutritional Research Unit at Oaragwanath Hospital; and
analysis of both urine and serum eamples VvWflA completed within 6 weeks
of collection.

Normal values for children for the analyses carried out as part of
this study are listed in Table 5:1. As far as possible, these values

were obtained from studies carried out in the Metabolic and Nutritional

Research Unit using the methods cited.

5:4 Statistical analysis
The data wore computerized and analysed by standard methods using
tho SPSS package programmes (Nio ul.nl. 1975). Significance limits

wore determined by the student'a one way-t-teat unless otherwise noted.
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:I 5l ! ;.. udi1' 'l he biochemit:- a N
tiv -jtudy.
Biochemical Vaiiablo Normal Range Reference

White et al 1970
Jowsey 1976, Dettifoi et al 1978
Round 1973, Pettlfor et al 1978

Serum albumiv. 3,8-5,n y/dl
,0-1 ,4 mg/d.1
,5-6,0 mg/dl

i00-300 iU/1
.,3-0,7f

ierum calciun

Serum phoaphr.

arum alkelit
phoaphain

Mettifor et al 1976

icr :Ucr Nordin 1959

luliinw o; dubjeu* u-uui.

hl “i/ mt.' i tintrol groups at each uge .ieupi and lists

ip a. i.ve jf general nutritional status. Two

'd' e v waved uay r'rom Driefonteinj tliuii match-

_of el (13 in each group remained). />t ego
v.ac moved away from the area and one subject
r" -nd tas therefore excluded from the study;
. " lateo to make the numbers equal (23 in each
11 nade to have controls sex matched to study
ble; sex distribution 1is listed in the table.
n uni >19 in the general make-up of tfie study
o. awe i (p> 0,5).

hiwu. w .n .net investigation# or children in the

eta 'v.ovil

Investigation Age level 1 Ago level 2 Age level 3
Study Control Study Control Study Control

Mitib? 13 15 13
i 314, 4 51*¥1,10F  31*1,12F  71*1,6F 81*1,5F

[} 4, f 9,3 9,2 14,7 15,0

0,7 10,6 jp 1,6 + 1,3 + 1,1 £ 01,2

Jos, 124,2 151,4 151,9
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'.5,0 24,4 22,i 40,5 39,4
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mifg." " ) 0,2 7,5 9,3 7,7

= 4 1,8 4 2,2 i 4,6 + 3,2

« i 4, " 4,1 4, 4,4

im 0,1 4 0,6 m - to0,3 + 0,2



Figure 5:1 shows the height ana weight for age plotted on the Boston

percentile growth charts. There were no significant differences in

growth patterns (height and weight for age, p >0,5 for both parameters

at all age levels, and standard weight for height, p) 0,5 at all

age levels) between the study and the control groups at any age level.

There were no visible bone derformities, nor signs of inadequate

calcium nutrition (enamel hypoplasia, widening of the epiphyses,

Harrison's sulcugl in any of the children.

Table 5:3 shows the results of the biochemical and radiological

investigations carr ed out. Serum calcium levels corrected for serum

albumin levels (labelled corrected serum calciun) wore calculated and

the results are ™ncluded in the table (Payne et.al. 1973).

Table 5:3 Biochemistry and radiology investigations on study and
control groups.
Age level 1 Age level 2 Age level 3
Investigation
Study Control Study Control Study Control
8,86 9,59 8,57 9,76 8,50 9,58
S lci dis ! !
erum caleium mg/ +0,26 +0,23  +0,809 +0,26  +0,80 35
Corrected serum 8,97 9,44 8,43 9,70 8,33 9,23
calcium mg/dl +0, 32 +0,40 +0, 77 + 0,46 +0,83 +0,45
Serum phosphorus 4,8 4,5 5,1 4,7 4,5 4,4
mg/dl +0,9 +0,7 +0, 4 +0,5 +0,9 +0,4
Serum alkaline ? 228 218 364 186 500 214
phosphatase TV/1 +130 +120 + 50 + 51 +181 + 84
Calcium excretion 0,0125 0,0163 00,0155 0,0151 0,0061* 0,0159
Uca:Ucr +,0086 +,0133 +,0196 +,0127  +,0057 +,0198
Bone mineral”density 0,28 0,34 0,34~* 0,41 0,42** 0,54
g/cm +0,06 +0,02 +0,10 +0,06 +0,00 +0,06
Metacarpal cortex 1,74 2,09 2,35%* 2,67 3,09 3,30
thickness, mm +0,49 +0,89 +0,73 +0, 31 +0,07 +0,74
“"Criteria for selection, p ~ 0,0005
."Criteria for selection, age levels 2 and o, p”~ 0,0005

'Measured on ..orland Bone Mineral Analyser

*p <0,05, compared to control group
**p < 0,0005, compared to control qgroup
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Because it was not possible to obtain 24-hour urine samples,

urinary calcium excretion was calculated from the calcium creatinine

ratio of a random urine sample (Uca:Ucr). Nordin (1959) found a good
correlation between 24-hour urinary calcium excretion and the UcaiUcr

of random, non-fasting samples. Fellers and Herrera (1972) demonstrated
no significant difference between the UcaiUcr of 24-hour urine collections
and non-fasting random urine camples. For South Africans, Walker (1966)
has reported calcium excretion (mg/24 hours) in rural Black children to

be approximately one-third and in urban Black children to be approximately
one-half that of White school children. Mean urine calcium excretion
judged by Uca:Uci 1is with'n this range reported by Walker for the control
groups at age levels 1 and 2; it is about half the normal level for the
study groups at age levols 1 and 2 and for the conLiul group at age

level 3. The study group at age level 3 had extremely low urinary

calcium excretions; mean UcarUcr, plus 2 5.D., 1is only half that reported

by Walker.
2

Bone mineral density 1is expressed as gm/cm and was obtained by
dividing the results as measured on the Norland Bono Mineral Analyser
(mean bone mineral content —f- mean bone width). Cortical thickness
was measured using vernier calipers at the midway point of the second
metacarpal of the right index finger; it 1is the total breadth of the
bone minus the width of the medulla and is expressed in mm.

The results of both these parameters are significantly lower than
measurements of White children, and cortical thickness is significantly
lower than that of other Black South African children (Mazesa and
Cameron 1974, Walker 1971). At age levels 2 and 3, when there is a sharp
increase and peak in the need for calcium, bone density and x-rays show
a correspondingly significant lowering of measurements in the study

groups as compared to the control groups.



5.6 Discussion of anthropometric results

Height and weight were below the standards for healthy children
of other races in more developed countries; findings are in accord with
other work undertaken in developing countries (Schrimshaw and Cordon 1968,
Sloan 1969, Fisher and Davidson 1970). Similarly, triceps skinfold
measurements are lower than those of healthy children in more developed
countries, although they are higher than those measured by Fisher and
Davidson in Zambian children.

Forty-five percent of the children were below the third percentile
on the Boston weight for age charts; this is comparable to a similar
study in Soweto where 40-455? of the children 6-16 years were under the
third percentile on the weight charts (Shuenyane et.al. 1977). Fewer
of ths children in this study were under the third percentile for height
than the children in the Soweto study (19% and 58" respectively). Studies
in South Africa have reported remarkably similar results over the years;
Brock and Latsky (1942) found 56,957 of a group of volunteer Black children
8-16 years of age to be of satisfactory nutritional status. Although
nearly half the children were below the third percentile on the Boston
weight for age charts, the majority wore greater than 905? of standard
weight for height. This fart and the finding of mean serum albumin
concentrations of 3,9 g/dl or greater would indicate that the children,
although small for age, are on the whole adequately nourished. Poor
growth of Black children has been judged to be due to environmental
factors. A study of 'privilodgod' (sic) African children (whose mothers
were nursing sisters with the Johannesburg City Health Department)
showed growth that was adequate when judged on the harvard growth for

age charts (Kahn and Froidman 1959).



40

5:7 Discussion rf~ calcium status

Ideally, measurement of ionized serum calcium would most truly
reflect the calcium status of an individual as this 1is the metabolically
active portion of measured serum calcium; however, technical problems,
particularly In conducting field studies, make this impractical.
Calcium-protein interaction has been studied in great detail and studies
show that albumin accounts for 90j£ of the protein bound calcium
(Pederson 1971). Measuring total serum calcium and correcting it for
differences in serum albumin concentration is an alternative to measuring
ionized serum calcium and is used by many researchers (Dent 1962,
Parfitt 1969, Berry et.al. 1973, Payne et.al. 1973). Use of this
calculation/correction method depends on the uniformity of protein-
albumin binding and is disputed by other workers (Pain et .al 1975,
Ramsey and Shelton 1976). The formula of Payne (1973), corrected serum
calcium (mg/dl) = total serum calcium (mg/dl) - sorum albumin (g/dl) + 4,0,
as been used in this study to calculate serum calcium corrected for
serum albumin and this parameter 1is ustd in defining relationships with
other factors studied.

Although the corrected serum calcium levels are slightly different
to the serum calcium concentrations as measured, the results for the
control group remain within the normal range and those for the study
groups are low, and the two groups at every age level are still highly
significantly different (p <.0,00025, age level 1; p <0,0005, age level 2;
pK0,0025, ago level 3). There were no significant differences between
the measured and corrected serum calcium levels (p >0,5 for each group)
indicating that the low sorum calcium concentrations are not due to
variation in the level of serum albumin.

There was no relationship between corrected serum calcium and
calcium excretion as estimated by UcasUcr for ago levels 1 and 2

(r m 0,0686 and r = 0,0493 respectively) and a significant relationship



between the two only at age level 3 (p ( 0,05 (significance limits for
Jc when population correlation coefficient is zero)).

There was no significant difference between the study and control
groups for cortical thickness at age level 1. Bone mineral density was
not measured on children under 5 years of age; however for the few children”
(11 out of 26) at age level 1 on whom this parameter was measured there
were no significant differences between study and control groups. There
also was no relationship between corrected serum calcium and either bone
mineral density or metacarpal cortical thickness. This group was selected
because ages 3-5 years represent the nadir on the graph of daily incre-
ment in skeletal calcium and at this time serum calcium concentration
does not appear to reflect other parameters of calcium nutrition.

Breast feeding often continues for several yaars in rural African

society; possibly, by the age of 3-5 years bone density has not yet been
affected by the low calcium diet which follows weaning, 1if dietary cal-
cium intake proves to be a significant factor. Follow-up of these children
as they grow uov'd be most informative; serial studies might show that
detection of low serum calcium at an early age indicate those at risk
during later growth periods.

However, at age levels 2 and 3, measurements of bone mineral density
were significantly lower in the study groups as compared to the control
groups (p (0,05 and p< 0,0005 respectively for ago levels 2 and 3).

Table 5:4 shows the comparison of bone mineral density with normal
American children. As can ho seen, the bone mineral density of both
the study and control groups is significantly lower than that of the
normal reported by Mazess and Cameron (1972). At present there are no
studies on healthy Black children from underdeveloped countries to
use for referenco. There was a good correlation between bone mineral
density end corrected serum calcium for both age level 3 (r = 0,5164,

p (0,01) and for age level 2 (r = 0,4368, p (0,05) (significance limits



Table 5:4 Bone mineral density: comparison of sfcuuy and control
groups, age levels 2 and 3, to normal controls.

2
Bone Mineral Density (g/cm )
Age
N 1~
orma Study Control
Controls
8-10 0,55 0,34~* 0,41***x*
years +0,02 +0,10 +0,06
* %
13-16 years 0,66 0,42***x* 0,54**x*
+0,04 +0.08 +0,006

Mazess and Cameron (1972)

*p <0,05 compared to control group

**p <0,0005 compared to control group
***p < 0,025 compared to normal controls
+*+*p( 0,0005 compared to normal controls

for £ when population correlations coefficient is zero)): see figure 5:2.

The relationship between corrected serum calcium and metacarpal corti-

cal thickness was significant for age level ? (r = 0,3664, p ( 0,05)

but not for age level 3 (r 0,3539, p<0,1) (significance limits for

£ when population correlation coefficient is =zero).

5:8 Summary of discussion of subject groups

That the study group differs significantly in calcium status from
the control group has been shown by the results presented. The age
of skeletal

levels selected represent different stages in the pattern

growth arid calcium retention. Between 3 arc 5 years, the daily incre-

ment in skeletal calcium 1is at a minimum; there is a sharp increase in

skeletal calcium retention from 8-10 years with a peek in daily incre-
ment in skeletal calcium at puberty, 13-16 years (see fig 3:1).
Whether thesu oiochomiual and radio igical differences are influenced by
dietary calcium intake is the subject under study.Investigations

were planned to illustrate differences between study and control groups

with reference to the relationship of dietary calcium intake and bio-

chemical and radiological parameters.
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CHAPTER 6s DIETARY CALCIUM INTAKE IN RURAL BLACK CHiLDREIM
6:1 Method of investigation

The dietary history and recall method for estimating nutrient intake
is used in order to obtain information from a greater number of subjects
in the field than the more qualitatively and quantatively axact method
of duplicate diet analysis. As with any other research tool, the dietary
interview and recall muat be subject to stringent control measures.

The interviewer must be trained to obtain significant information from
her subjects and she must be a comfortable part of the community rether
than a foreign addition to it. There must be a reliable interview form
that includes cross checks of the information collected and the inter-
viewer must be familiar and at ease with the form she uses. With
groups of statistically significant numbers, there is general agreement
that one day's diet provides valid information on nutritional intake
(Emmons and Haynes 1973).

Dietary histories we i token by a Black (Zulu and Suazi speaking)
dietician trained in dietary interview techniques using a pro-tested
interview form. See Appendix for samples of completed forms: Appendix B,
form from study group, age level 2: Appexdix C, form from control group,
age level 2. Information was elicited concerning cooking facilities
and methods, sources and frequency of supply of various foodstuffs
including gardening end animal husbandry and personal food prefer-
ences, with special reference to food having a direct bearing on
calcium metabolism in man. Socio-economic data wan gathered to supple-
ment information from the larger socio-aconomic and health surveys,
particularly peitaining to dietary habits. The mother or woman who cares

for the child was interviewed in her homo to obtain information



45

regarding all aspects of eating habits including a 24-hour dietary
recall. At age level 3 the child was also interviewed. Measurements
of food intake were recorded in cups and spoons with reference to
previously measured standards. Calorie and nutrient composition of the
diet was calculated from standard food composition tables, using those
compiled in South Africa of South African food products as far as
possible (U.S. Dept, of Agriculture 1910, fox 1956).

The data were computerized and analysed by standard methods using
the SPSS package programmes (Nie et.al. 1975), Significance limits
were determined by the student's one way t-test unless otherwise

noted.

6:2 Results of dietary interviews

Table 6:1 1lists the results of the 24-hour dietary recall for
calories, calcium and phosphorus; for other nutrients, see Chapter 8.
Calcium intake per kg body weight was calculated and is included ii
Table 6:1, as is calcium intake as a percentage of fAO/VJHO recommended
allowances, Bot i1 study and control children had low calcium intakes,
less than 75$% of the fAO/WHO recommended allowances for all subjects and
less than 40$ for the study groups a" levels 2 and 3 (mean intake).
Daily dietary intake of calcium was significantly different between
study and control groups only at age level 2 (8-10 years), although
when calculated as mg calcium intake per kn hcdv weight, all three age
levels showed significant differences between study and control groups.
Percentage FAQ/UHU recommended int.iken for calcium were significantly
different for age levels 2 and 3.

Ms would tie expected, in the control groups there was a steady rise
in daily calcium intake as well as in tot il calorie intake, reflecting
greater food consumption with increasing age. Although calorie intake
rose similarly in the three study groups, there was a drop in da>ly

calcium Intake between age levels 1 and 2; daily calcium intake rose
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Table 6:1 Daily intake of calories, calcium and phosphorus calculated
from 74-hour dietary recall.

Age level 1 Age level 2 Age level 3
Investigation Study Control Study Control Study Control
Toial calorie 1530 1511 1063 1763 2017 2052
intake per day + 303 + 367 + 341 + 440 + 449 + 500
Dietary calcium 249 202 199% 330 229 370
intake mg/day + 102 + 144+ 127 + 170+ 175 + 2R9
Dietary calcium 16,4+%* 19,9 7,1*x* 14,9 5,5%%* 6,6
mg/kg body weight +11,0 + 9,9 4 35 1 8,0 + 4,2 + 5,6
- 4
Dietary calcium 62,3 70,4 37,7*** 62,4 33,7****56,4
& FAO0/WHO +45,5 +36,1 +25,3 +30,2 +24,5 +40,7
recommendations
Dietary phosphorus 1024 970 1093 1001 1220 1223
intake mg/day + 291 + 330 + 237 + 334 + 303 + 312
" 1
*p <0,05 compared to control yrou j
**p <0,005 compared to control g oup
***p (0101 compared to control g oup
0,025 compared to control group
again in the age leuel 3 study group, although it did not rise to the
level of the youngest age study group. There was a consistent drop in calcium

intake per kg body weight in both study and control groups over the
three age levels as would be expected.

Not all organisations setting nutritional standards specify a
daily phosphorus intake; they note it should be equal to calcium intake.
On this basis, dietary phosphorus intake wus adequate in all cases,
meeting more than 10UJb of FAil/UHO recommendations; indeed, dietary phos-
phorus intake met 100% of the U.S. recommended allowance, usually
acknowledged to be higher standards than are necessary in practical
terms for dovelopi g countries. Loi phosphor is intakes influencing
calcium metabolism cannot be responsible for the abnormal serum calcium

concentiations in these subjects.
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Maintenance of normal aerun alciui vsit. >n Join dietary calcium
ir ikei ic a fiatura ;di>u' rnow tlr m lalnncn etudieb ca.ried out
developing oountr.n . hi' niav M» 'ive bo; 1) long term adaptation
t calcium intakes; ) 'moll nt”*ini.en ut ilization of calcium because
increased vitamin fron rhf diuf' ii thi tropical zones into which

- ,bt developing countries 'all; 1) the tac.» that children in developing
i luntries are frequently mallei thai thoii counterparts in more developed
lands and therefore calc inn mtekn per kn iody weight is moie in line
uith higher intakes reported u other ountries although total intake is
A) some inherent nth 1 difference in peoplo. Whatever the expla-
r llion, it is a sign!/ v in' #-ctcn n tJ -ett !ng of the fAO/1ilHD standards

# r —alcium intake.

There are many diacn Yy hf u iut nutrition situation among
e i African Black peopl* . e+ taplt, naizu meal, has a low calcium
ntent, provides nr advaiu- ;I ;aMo < “he diet (although this

. :0bably has little- hee:ang t all ium aosorption) and because the meal
unrefined in the d.otu of thi majority ¢V rural people, there is an

i rease in phyti- a id :iwr ik . Other food! providing phytate or oxalate
ehfc -'t 1lr e<hr Dnef nnte ir .uee ire brown bread and spinach; both may

-" eaten in reasonably largi nuant itier. Whether these foods interfere

th calc ii'oi pt lon i~ £ffits population hat not been investigated,

thei source! o' ixalnt.f -md phyti La— unroflned breakfast cereals, oat-

e*al, uocoa/chor oJah ' rhi.ibarh--n , virtually non-existent in the diet
firiafontaji . .wmirii, onhi Air! an Black: there may ho a somewhat
iwered proto - —tat, , ilt.huuciti r workimp.Iius that total protein
.'etake prohab I, dn . t ollukmr B ilciuni absorption (Schofield and
Morrell .1k60, tf uy» ut.”. . 1-/I, , -1 d ! inksw *er 1974). As milk

iM n it fiwquwntly ii't® by i .tl Afr ican- , th- t© ia a small intake of

1 -, - ! ! ! I ' I in Mown to imharii n calcium absorption



(Bergoim 1926, Condon ot.al. 1 <. ). T ,

more important with increased Ins; tr e jutdal tit to hard labou:

hot conditions and because there- 18} h- jrnatai numbsr n- pregnane ?a
and lactation periods with no calc ium tuppl ament* *iee mos* huro-

pean societies (Walker 1972).

Water, which may make an important, ontribution tic alecum in the
diet, is a poor source of calcium in the Driefonteir area. dater from
twelve different sources in Driefontein (wells and springs) was analysed
for calcium content. The average calcium concentration was 23,6 mg/cupful
(250 ml) with a range from 3,2 mg/cupful to 40,5 mg/cupful. Mote of
water source and amount drunk daily was taken and this was included in
the 24-hour dietary recall. Most of the children consumed 2 to 4 standard
cupsful daily, however the contribution to calcium intake varied greatly.
Two cups of water might provide as little as 6 mg calcium or as much
as 56 mg, ' -—ee cups, 10-B5 mg calcium and four cups, 12-113 mg calcium
depending a, the source of the water. Water supplied less than 25 mg
calcium in most of the children’s daily intakes.

Results from this study show there is a significant relationship
at age levels 2 and 3 between dietary calcium intake (mg/kg body weight)
and both corrected serum calcium (r = 0,4081, p £0,01, significance
limits for r when population correlation coefficient is =zero) and ser
alkaline phosphatase (r = 0,3292, p< 0,05, significance limits for r
when p pulation correlation coefficient 1is zero); see figure 6:1.
Reduced calcium intakes are associated with low sorum calcium and h
serum alkaline phosphatase concentrations, biochemical parameters whv h
are abnormal in the metabolic disturbances associated with the previous!>
investigated bone deformities peculiar to this geographical area
(Pettifor 1980).

Likewise, dietary calcium shows a correlation with calcium excretion

(UcaiUcr) for age levels 2 and 3 (r = 0,3436, p (0.05, significance limits
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for r when population correlation coefficient is zero); figure 6:2.
MacFayden (1965) has shown that changes in dietary calcium intake are
reflected in serum calcium concentrations and levels of calcium excretion;
this would appear to be born out by the present investigation, although

there was no relationship between corrected serum calcium and UcasUcr.

30 r = 0,3436
o P < 0,05
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Figure 6:2 Correlation of urinary calcium excretion (Uca:Ucr) with

dietary calcium intake (mg/kg body weight) for age levels
2 and 3. (Study* Control O ).

Although there have boon no controlled studies showing evidence that
calcium intake influences height, in this group there is a significant
difference in dietary calcium intake (mg/kg body weight) by percentile

height for age when the group is divided as those above the 50th percentile

W I
(,0700
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and those below it (p <,0,025). Calorie and protein intakes (per kg body
weight) were not significantly different when the children were grouped
by height as above (p) 0,5 for both calories and protein).

l.uykin and Luykin-Koning (1967) working with children in Surinam
found no sig leant difference in the metacarpal cortex thickness of
children having dietary calcium intakes 0 mg and 1130 mg daily.
The mean measurement at 9 years, 3,2 mm, is somewhat higher than that
for the control group at age level 2 (8-10 years), 2,57 mm; the calcium
intake of the control group was considerably lower than the 500 mg of
the Luykin group, however. In contrast to the find .ngs of Luykin, there
was a significant difference between study and control groups at this
age (8-10 years) (p <0,05) with a slight inverse relationship betwean
calcium intake per kg body weight and metacarpal cortex thickness
(r = -0,1680). Walker (1971) studying rural Black and urban Black and
White school children (14 years of age), found that the metacarpal
thickness of the White children was significantly greater than that of
either the urban or rural Black. Table 6:2 shows the results of Walker's
study and age level 3 of the present one. The White children in Wakler's
study had significantly higher calcium intakes and significantly greater
metacarpal cortex measurements than either group in the present study
(p (00,0005 for both factors for both study and control groups). The
urban Blacks of Waiksr's study had significantly greater metacarpal
cortical thicknesses than both the stuoy and control groups of age
level 3 (p (0,005 and p (0,0125 respoctivel/) on calcium intakes that
were 1in between but not significantly different from either the study
or control group. Walker's rural Blacks had significantly greater
cortical thickness measurements (p (0,025) on calcium intakes that were
not significantly higher (p>0,5) than the study group of age level 3 and
similar metacarpal thicknesses (p (0,5) on calcium intakes significantly

lower than the control group (p <0,025), However calcium intake was not
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Table 6:2 Comparison of metacarpal cortex thickness and daily calcium
intake of subjects in two South African studies.

Metacarpal cortex Calcium intake
Study thickness per day

mm ng

Walker (1971)

2

Urban Black 3,69 26
+ 0,43 + 262
3,32 242

R 1 Black
ure ac + 0,46 + 212
. 4,56 833

Wh
Urban White + 0,61 + 410
Present

3,09 229
Age level 3, Study + 0,87 L 175
A 1 1 3, Control 3,30 378
ge ~evel o, Lontro 0,74 + 289

reported in mg per kg body weight, the measurement showing the most
significant correlation with other indicators of calcium status, so
comparison with this factor could not be made.

Pettifor (1980) noted in previous studies in Driefontein that
children exhibiting bone deformities could be divided into two groups
based on diet. Those with abnormal serum biochemistry (low serum
calcium, raised serum alkaline phosphatase) did not include any milk in
tne diet, whereas those with normal serum calcium and serum alkaline
phosphatase consumed at leant a cup of milk per day. Particular
attention was therefore paid to milk intake in the present dietary
assessment. Those subjects who drank no milk or only occasionally
included milk in the diet had significantly lower calcium intakes, both
per kg body weight and total daily intakes than did those who included

milk daily (Table 6:3); indeed, a cup of milk daily at least doubled
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Table 5:3 Dietary calcium intake of all children grouped by frequency

of milk consumption.

Calcium intake

Milk consumption

mg/kg body weight mg per day

. . 6,83% 197, 1**
D k 1k
rinks no mi + 3.58 + 148,4
Occasionally 7,17%* 227,5%*x*
drinks milk + 4,30 + 137,5
Drinks milk 18,45 413,9
daily +11,46 + 213,7

*p <0,005 compared to calcium intake with daily milk consumption
**p <0,0025 compared to calcium intake with da 1ly milk consumption
*Hp { 0,05 compared to calcium intake with dai y milk consumption
calcium intake. Including milk in the diet daily is also reflected in
the corrected serum calcium concentrations: corrected serum calcium,
9,31 f 0,53 mg/dl in children with a daily intake of milk; 8,97+0,74 mg/dl
in those who had only occasional or no intake of milk (p (0,01).
Regsouplng the subjects in the study by corrected serum calcium
concentrations and using 9,0 mg/dl as the critical level, the moan
daily calcium intakes are significantly different for age levels 2

and 3 (p <0,05 and p (0,0005 respectively); Table 6:4. The wide range

Table 6:4 Dietary calcium intakes in all subjects when grouped by
corrected serum calcium concentration.

Dietary calcium intake mg/day

Corrected

serum calcium Age level 2 Age level 3
8-10 years 13-16 years
219,9* 207,3**
< 1
9,0 mg/d + 128,7 . 1530
325,1 448,0
>9,0 dl
’ mg/ + 187,9 4 3009

*p < 0,05 compared to age level 2, serum calcium> 9,0 mg/dl
**P < 0,0005 compared to age level 3, serum calciumf 9,0 mg/dl
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of S.D. indicates the great individual variation which plagues the
determination of calcium requirements. As pointed out in Chapter 3,
recommended allowances should be the amount which when consumed by

a population meets the needs of 95° of them. Accordingly this informa-
tion would suggest that a minimum daily intake of jh400 mg calcium is
necersary for the maintenance of normal serum calcium concentrations,

slightly less, but certainly in line with the FAO/WHO recommended

allowances.



CHAPTER 7: THE 24-HOUR DIETARY RECALL AS AN 1INUESTICAHUE TECHNIQUE

Tho assessment of dietary intake 1is of major importance in consider-
ing any nutritional research. It is necessary to have a quantitative
idea of the existing food intake whether investigating a specific
nutrient in relation to a particular health problem, general nutrition
in relation to health and socio-economic factors in a community, or
planned intervention by dietary supplementation. In spite of the need,
little information, particularly from developing countries, 1is available.
The reasons for this are many and diverse, but the main ones are that
collection of data is extremely time consuming and accuracy of method-
ology may be doubtful. Information regarding dietary intakes is not
always easily obtained; many problems aro inherent in dietary surveys:
how to obtain an a-curate list of foods eaten without unintentionally
affecting the subject's food habits by the mere process of record
keeping or interviewing, how to estimate quantities eaten, even when
food items areknown and how to translate these quantities accurately

into nutritionally useful terms through the use of food tables.

7:1 Method of dietary assoc,rn-"nt

The most common methods of measuring dietary intake are: 1) replicata
meal analysis, ?) precise weighing of food eaten, 3) dietary recall,
4) diary recording. Each has inherent problems which influence the

quality of results in a particular situation.

Chemical analysis of a collect i of meals which duplicates exactly,
both qualitatively and quantitatively, those put before a subject theo-
retically is the most accurate method of ivestigating dietary intakes,
It makes allowance for variation from the food tables of individual

food iterne: I especially important when the diet consists mainly
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food items; this is especially important when the diet consists mainly
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of a single staple such as a cereal porridge which may wvary in composi?
tion depending on where it is grown and milled and how it is cooked.
However this method requires sophisticated equipment and the work load,
both in the field and in the laboratory needed for accuvate replicate
meal analysis would be tremendous if a study is to include statistically
significant numbers. Indeed, working with an ecrnomically depressed
community, duplication uf diet introduces 'one more mouth to feedl from
available food stuffs and may therefore not be an accurate reproduction
of the usual daily food intake.

Precise weighing of food eaten ie an accurate method cf dietary assess-
ment; however, it must be introduced with great care in order that the
normal food pattern of a family does not become atypical during the
period of investigation. Whitehead (1977) has used this method of inves-
tigation successfully as regular surveillance in the Gambia (now Senegambia)
but admits that introduction of the procedure was not easy.

The diary method involves the subject keeping a record for a number
of consecutive days of the amount and kinds of food eaten. This is a
purely qualitative method, but can be helpful when used in conjunction
with other methods. It is important when considering the use of this
method that the diary is kept for more than a single day (Schaefer 1966).
Although keeping a record involves the assumption of literacy,

Rutishauser (1973) working in Uganda has described a modification using
photographs of common foods and a pin to denote a single serving of

any one food. This requires careful instruction, but is not as intru-
sive as either weighing or replicate meal analysis.

The 24-hour dietary recall method for estimating nutrient intake
is only semi-quantative but it is frequently used in surveys on large
numbers of subjects. It is often thought that this method is most
suitable for use in sophisticated, educated homes, but indeed, the

reverse seems to he true. The more complex the way of life, the greater
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'ake and therefor* , *hi mu. B f i rwe .11. The
< etary :ece.' net.hou Jjas? useci witl tjuccee.u n Pfirto during World
1 whet -he diet Ton' nectu—Mits mple; “Yhit ie not the
,ase presently wi.tr thi mot< ;mlH 4 ee o 1myvo t.—ae with affluano

(Scraef6i 1966 1.

There -ire ax'guitio ' , ' *rlB  ,nmuei ° t ciey's recall necessary;
three day racal.li- rtn .omotimet used, although I have found this time
period less reliablt than one day among ulnites in South Africa. Other
workers have ulso reported better results with J day records using the
precise weighing method rather than a saveri day period which causes
greater disruption nf routine and loss- u; interest on the part of the
participants (fadt- inc Meredith 19Ati, Yudki.n 1951, Chalmers et.al. 1952,
Keen ana Burke 1954). Emmons and Haynes (1973) have stated that with
groups of statistically significant lumbers, a 24-hour dietary recall
provides wvalid information of ".itrilional intako. When interviews are
carefully conducted and tmchn ques refined before use there is a low
coefficient nf variatinr nf duplicate 24-hour dietary recalls
(Frank et.al. 1971). Interview forms must allow space for comments
on whethe: thv day is typical of eating habits and what variation can

occur. lenerally, if in best nnt to use weekends or public holidays

as a day roi a 26-hour dietary recall.

7:2 jesting the 24-houi diataiy recall nr. an investigative technique
fn test IIk yffectivenese of the interview and 24-hour dietary recall
method ms -, wuvbmi. igat >ve tool in tills population, duplicate diet
nalysit. ua;- performed. TIhr dietician recording the dietary inter-
v ew: also ionduuteil t.iij< port ioi of he field work. Food was
inllti' ted in MW iontti.i Wi provided to duplicate exactly that eaten by
the subject by tin pa;non uooking and net.inn the menIs to the household.

The following dny, £t inter inui i ll1Ipcied thi container (closod,



with contents unseen by her) and conducted '."4-houi dietary 1<iej !.
In order to avoid the possible disruptive -fFeet collection if
duplicate diet may have had upon eating habits in the hcusehoid, fh.ii-
24-hour dietary "recall was not the one used in the general -.urvey; this
part of the study was carried out after completion of the dietarv
assessment. In addition, as the area is poor, duplicate dret “naiv>Jt
was carried out on cnly 10 subjects (24% of the study participants).
The container with the duplicate diet was refrigerated immeoiareis
upon collection. Returned to the laboratory, the die! was nomogen.i sec
in a Waring blender with a measured amount of distilled water and an
aligquot @ 50 grams) was stored at -2C°n until analysis was carried
out. Diets were analysed for protein, calcium and phosphorus content;
laboratory resul* ere correlated with results calculated from the

food tables. Acceptable limits of accuracy are 4 10% for ny nutrient.

7:3 Laboratory methods, duplicate diet analysis

Protein analysis was by the standard Kjeldahl methoo with the follow-
ing modifications (Wootton 1964): Homogenate (approximately 5 g) was
weighed into a micio-Kojdahl flask; 10 ml concentrated sulphuric acid,
5 ml catalyst solution (50% sulphuric acid containing 1% selenium dioxide".
10 ml 100 volume AnalaR hydrogen peroxide and 4 g potassium persulphate
wore added and the contents digested by boiling for approximately hour*.
The sample was distilled into a 100 ml conical flask containing ml
boric acid-indicator solution (2% boric acid with 10 ml Tashi.ro’*
indicator (8 mg methyl rod, 2 mg methylene blue in 10 ml ethanol).
PH 4.8). After the addition of 10 ml 40% sodium hydroxide, oistillatloi
continued for 10-15 minutes. The contents (green in colour) were titrater
back to the original gray colour with N/70 sulphuric acid using a titra-
tion burette. Each sample was analysed in duplicate; a serum sample- (K
known protein concentration as woll as in homogenate sample from h&

previous day were used as a check on method reproduced! eity. fe o dil4iinn
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of results was according to the following formula using these constants:
1 ml M/70 H9SO0A = 14/70 mg nitrogen; 1 mg nitrogen = 6,25 mg protein.

Therefore, where: t = titre (ml N/70 H~SO")

wt” = aliquot weight (gram” homogenised diet
wt®. = total weight (grams) homogenised oiet,
UtT
then: grams protein/day = 1,25 X — ————————— 1000 =x t.
A
The diet was analysed for calcium and phosphorus as follows: a

weighed aliquot of homogenate (approximately 5 g) was ashed at 60CIC

in a Naber (Naber Industrieofonbau, Lilenthai/Bremen) ashing oven for
approximately 12 hours or until ashing was complete. The ash was

dissolved in 1 ml concentrated hydrochloric acid and made up to 5 ml with
distilled water (Uootten 1964). The calcium and phosphorus content was
measured on a Uarian 1200 atomic absorption spectrophotometer using lantha-
num chloride as t releasing agent and a nitrous oxide-acetylene flame
(Duncan 1976). Calculation of results involved the following formula:

mg/1

f1/1 =
mEL/ molecular weight

Therefore, where: Cay = ufl/l calcium (atomic absorption spectrophotometer)

Py = uPl/1 phosphorus (atomic absorption spectrophotometer)

wt®, = aliquot weight (grams) homogenised diet
wty = total weight (grams) homogenised diet,
and knowing Co = 40,08
mol. wt.
Pmol. wt. ™ 3D’97’
wt
then: mg calcium/day - 200, 4Ca X — —
v wtA
wt

mg phosphorus/d iy = 154,0P X — =
v wtA

The results aro expressed as grains of protein and mg of calcium and

phosphorus per daily intake.
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7;4 Results of duplicate diet analysis

The diet of Blacks living in rural communities 1is generally quite
simple; two or three meals of stiff mealie meal porridge accompanied
by a 1lrelish * of stewed vegetables and/or meat available. Bread and tea
are usually eaten in the morning and bread may be eaten with each of
the other meals. The children at school also had fruit and/or bread or
biscuits during a morning break. The ’'relish* varied little from meal
to meal, usually caboayt, beans or tomatoes with onions supplemented
occasionally by meat or chicken.

Table 7:1 shows the results of laboratory analysis of duplicate diets
and the analysis calculated from the food tables. Although the subjects
included in this portion of the study were selected by the interviewer
while in the field, there is a wide range of calcium intakes; the protein
and phosphorus levels reflect the generally adequate intake of these two
nutrients and there is a range in these results as well. The results are
shown graphically in Figures 7:1, 7:2 and 7:3, all of which show a

relationship between calculated results and laboratory analysis.

7:5 Discussion of results: 24-hour dietary recall as an investigative tool

As with any other research tool, the dietary interview and 24-hour
dietary recall must be subject to review as to effectiveness with the
population under study. Young et.al. (1952) found that 24-hour dietary
recall gave results + 1G% higher than either dietary history or seven-
day diary records; however they ware working with a sophisticated
population, tenner et..al. (1977) in Sweden also found that 24-hour
dietary recall gave significantly higher results than did dietary his-
tories. On the other hand, Acheson *.al. (1980) found that the 24-hour
dietary recall method of investigation underestimated intakes at least
20% as compared to precise weighing of food, although this study was

carried out on workers on an Antarctic base and no qualified interviewer






Z9

e 10,
N Qg
B S3
fH
) S ikio]
g a*
5 o n
M

* G
s)
a F

a o

» M
n to
S -

IT

2 oA

i

g ®

food tables,

food tables,

food tables,

mg calcium

gm protein

mg phosphorus



conducted the 24-hour recall. Ahrens and Boucher (1973) found good
agreement between food table analysis and chemical analysis of diet in
the Diet-Heart Review, better than 10% difference for protein, calcium and
phosphorus. Lubbe (1968) 1in a survey of nutritional status of White
school children in Pretoria found excellent agreement between precise
weighing of food eaten (7 days) and a modified dietary history including
a 24-hour dietary recall for protein (54,3 9,7 g and 55,9 + 14,0 g

for tnd two methods respectively) and for total calorie intake

(1842 + 247 and 1666 + 301 respectively). Working with rural Blacks in
Uganda, Rutishauser (1973) found good agreement between the recall method
of estimating dietary intake and replicate meal analysis: -10,1% for
protein and -1,5% for energy intakes.

In the present study, only two results for calcium (Nos. 3 and 7)
exceed a 10% difference between calculated end laboratory analysis;
however, 1in neither case does the laboratory result reflect a change from
poor to adequate calcium intake over the calculated results. Dietary
analysis and 24-hour dietary recall phosphorus intakes varied considerably
more than either calcium or protein. The value for phosphorus in the fooo
tables used had a range of 132-210 mg per 100 grams (Fox 1966). Although
the table used was for the mill in the area nearest to Driefontein, this
may not have accurately reflected locally grown, locally milled maize, and
the amount consumed would have compounded the error. Food table wvaluss
for calcium and protein content of maize meal had a much narrower range
(2,3 - 5,4 mg/100 g and 7,6 - 9,0 g/100 g respectively), so that in spite
of the large amount of meal eaten, tf difference is not so acute, (Fox 1966)
It would be more accurate therefore, 1if dietary phosphorus were the nutrient
under study, to analyse samples of lo 1lly produced mealie meal and use
the mean figure when computing nutrient intake.

The results would indicate that, in this population, the dietary

interview and 24-hour dietary recall method of nutritional investigation



whan conducted by a selected, trained interviewer accurately reflects
nutrient intake. This method, dietary history end 24-hour dietary

recall, of nutritional investigation is particularly suitable for use

in rural Black communities in South Africa as members of a community—
teachers, nursing sisters, social workers— can he trained in dietary
interview techniques. A study course in nutritional background and
methods of history taking using a professionally constructed interview

form circumvents language and cultural problems in a country where profess-

ionally trained Black nutritionists or dietetic technicians are scarce.



CHAPTER fl: DIETARY INTAKE Of NUTRIENTS (HHCR THAN CALCIUM
8:1 Criteria of an adequate diet

The criteria of an adequate diet is a subject much discussed. As
pointed out in Chapter 3, the setting of minimum daily requirements may
be done by several methods, each of which has its own adherents. In
addition, the influence of social and economic considerations 1is appar-
ent when comparing recommended dietary standards set by different bodies.

Recommended intakes are now used in six different ways: 1) they
provide a standard against which dietary surveys may be evaluated.
2) they provide a guide for dieticians whon compiling diets for indivi-
duals (both normal and therapeutic diets) and when catering for large
numbers in an institutional situation. 3) they are important in eco-
nomic planning: national agricultural policies, long-term aid to
underdeveloped countries, short-term aid in famine and disaster relief.
4) they are the basis for nutritional labelling (as percentage recommend-
ed allowance). 5) they are the minimum standard when considering new
types of manufactured foods and food enrichment programmes. 6) they
are guides for planning parenteral nutrition regimes.

The first comprehensive list of recommended allowances, produced
by the League of Nations in 1938, was for 12 nutrients: calories,
calcium, phosphorus, diron, iodine, vitamin A, thiamino, riboflavin,
vitamin C, wvitamin D, protein and fnt . Since then nutritional research
bodies from various countries have made and reviewed recommended allow-
ances for these same 12 nutrients plus otheis which have become important
with advancing nutritional research. In addition to the usis1 published
tables of recommended daily allowances, most bodies also publish footnotes

concerning nutrients for which human needs have been less well defined.



Table 8:1 lists recommended dietary allowances for children 8-10
years of age set by wvarious authorities. As can be seen for almost all
nutrients there is a range of recommendations. Maintenance of good
health, allowing for a sufficient margin above minimal requirements
is a parameter for one set of standards (National Research Council 1974)
indication of a 'nutritional floor' beneath which maintenance of health
cannot be assumed is the parameter used for others (Pett 1949).

Pett's statement, made in 1549, "The ingestion of more of a nutrient
than serves a clear physiological purpose is undesirable in the face of
the world scarcity of food,...", may be valid more than ever now in light

of the growing world population.

8:2 Resuits rod discussion of current investigations

Although fhe main theme of this dissertation is calcium nutrition,
the dietary histories and 24-hour dietary recall records were analysed
for the intake of other nutrients as well, using food tables. As there
were no significant differences between study and control groups (p>0,5
for all age levels for any nutrient except calcium (discussed separately,
see Chapter £), the results of the two groups are presented together for
each age level (Table 8:2). To be more meaningful, the results have
been compared with both the South African dietary standards and the
FAO/UHO daily allowances and these am used in the following discussion.

The diet of the rural Black in South Africa is quite simple; it
consists of the staple, maize meal, cooked to a thick porridge plus
a stew of vegetables in season and of meat when available. Tradition-
ally there are only two meals daily, but many people now follow the
Western plan of breakfast, lunch and dinner. The major ty of the
children had 3 meals daily; in addition most of the school age children

had a substantial snack of buns during the morning school break. A
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feu of the younger children had four meals daily, the 'extra' one being
about 4 P.M. Most meals were stiff maize meal porridge (& - 2 cupaful)
with an accompaniment of cabbage, epinach, potatoes, soup made from
dried beans, or a mixture of tomatoes and onion, or sometimes, meat,,
chicken or egg. For some children the morning meal would be a thin
porridge or just bread and margarine and tea. There was very little
eating in between meals, mostly because there was not much extra food,
although bread, leftover porridge and occasionally orangas were eaten
when available.

There were no clinical signs of protein-energy malnutrition nor of
any specific nutrient deficiency among the group studied, although <*5$
of the children were below the third percentile for weight and 39$ below
the third percentile for height on the Boston weight and height for age
charts.

A1l the children had high protein intakes, double the FAO/UHO
recommended allowances for age levels 1 and 2 and one a half times
that for age level 3. For the children up to 10 years, protein intake
was adequate by the South African dietary standards, but only about 75$
of that recommended for children 13-16 years. Although most of the
protein came from vegetable sources, almost all children had at least
10 grams of animal protein daily— meat, egg, milk— or high quality vege-
table protein— dried peas or beans. Most households kept chickens and
sixty percent of the children had eggs 2-3 times per week. Sixty percent
a had meat or poultry 1 or 2 times per week, and another 30$ had meat
3 to 4 times per week— admittedly small amounts, but sufficient to
provide 7 grams of protein. No estimate of individual amino acids was
made, however; low levels of some of the essential amino acids could
contribute to the stunting seen in the children.

Calorie intake was over 008 of the FAO/WHO recommended allowances

at all age levels and about 100$ of the South African dietary standards
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for the children up ho .10 years. There 1is quite a eteep increase in the
energy requirements of the South African allowances, presumably to cover
the pubertal growth spurt, and at age level 3 (13-16 years), the children
were meeting only 67% of the requirement. The greatest portion of the
calories was provided by carbohydrates in the diet, approximately 74%

at all three age levels; 14% of the calories came from protein and 12%
from fats. This is similar to Western diets only in the percentage cal-
ories from protein which is 10-20% in the average American diet and was
calculated to be 13% in a study on 10 year old children ir an economically
depressed area of southern USA (Frank et.al. 1977). American diets
provide about 50% of the calories from carbohydrates and 40% from fats.
American diets include many varied fats whereas the African diet has
little fat per se and almost none provided by the nain constituent,

maize meal. A survey of 7 year old White children in Soutt Africa
reported 12-17% of the calorics provided by protein sources in the

diet (Lubbe 1968).

Unrefined maize meal is rich in thiamine; one cup of stiff porridge
provides nearly a third of the recommended allowance. Brown bread, user
exclusively by almost all the inhabitants of Driefontein, is also Hun
inthiamine. All the children hud high thiamine intakes.

Milk supplies most of the riboflavin in theWester! uit.
not surprising that riboflavin intakes were loti th ommi iy  hi
milk consumption is seriously limited. Riboflavi. stakes m: Jat
of the FAO/WHO allowances and 50-60% of It Sout! At'. ; -
ards. Eggs in the diet supply .unable eroouni or e
(0, 1d mg/egqg);
flavin, were fairly evei

Niacin intakes mei approximately 70% ol theFAQ/WHO vecommandat-.ior

but only 50-65% of the South African dietary standards, me:



usually eaten by the children in the study, and they were eaten in
relatively small amounts. Meat, of course, 1is expensive to buy and
chickens or cows are kept for the eggs or milk they produce rather than
as a meat supply. Peanut butter is not produced in the area (indeed,
peanuts are not grown in Driefontein) and although available, it would

be an expensive item for these people. Thick porridge and soup made from
dried be .ns, moderate sources of niacin, supplied most of this vitamin

in the diet.

Vitamin C intake was low in all the subjects. Most vegetables are
stewed for a long time, destroying a good portion of the heat labile
ascorbic acid. Nutrition education could be a remedy for this. Those
children who ate oranges more nearly met the allowance for vitamin C,
but oranges are not grown in the community and must be purchased.

Likewise, vitamin A was 1in extremely short supply in the diets of
these children. Pumpkin and leafy green vegetables (rape, spinach,
imbuya) are virtually the only sources of carotene. Margarine, which
has a moderate amount of vitamin A (3,300 I.U./100 gm, + 165 1.1)./tea-
spoonful) is not a wvaluable source of supply use it must be purchased;
there seldom is more than 500 g/week/househoid. With diets low in fat,
as these are, small intakes of the fat soluble vitamins may be expected.
During winter when pumpkin is more plentiful, it is eaten in larger
amounts and provides vitamin A which is stored in the body.

Iron intakes were adequate, judged by the South African dietary
standards at age levels 1 and 2, but at age level 3 when the pubertal
growth spurt puts up the recommended hiily allowance of iron, intake
was just under 70S$. The mean haemoglobin levels were 11,3 g/dl,

12,9 g/dl and 12,2 ig/dl for the age groups 3-5 years, 8-10 years,
13-16 years respectively; although on the lower limits of normal, this

does not reflect iron deficiency aenemia.



Sodium intakes wero about that of a 'no added salt diet', 1500 mg/day.
No assessment was made of salt added to food, although investigating
this may prove fruitful in light of the concern over hypertension in
adult South African Blacks. All salt used in the households in the
survey was plain salt; iodised salt is not available in the local shops.
Nutritional goitre 1is a problem in this area as found in the health sur-
vey conducted in Driefontein (Pettifor, unpublished data). This problem,
not clinically serious, could be solved through nutritional education of
shopkeepers and customers into the exclusive uge of iodised salt.

Between age levels 1 and 3 and age levels 2 end 3 there was a decrease
in the percentage of South African dietary stancards met which was
hir significant (see Table 8:2) for nearly all nutrients (only the
decrease 1in percentage requirement met for riboflavin and niacin
between age levels 2 and 3 was not significant). This would indicate
that the sharply increased nutritional recommendations to cover the
pubertal growth spurt are a rather impractical standard in this population.
The fact that the difference between the percentage FAO/UHO recommended
daily allowances met by each age level is minimal would support this
suggestion. However, failure to meet the FAQO/WHO recommended daily
allowances, even by a small margin, may be responsible For the poor
growth exhibited by children in third world countries because these
recommendations meet only minimum requirements for adequate development.
As discussed in Chapter 3, the argument of adequate physical growth and
the definition and achievement of optimum potent ial development is

particularly wvalid in developing countries.



Sodium intakes were about that of a lno added salt diet*, 1500 mg/day.
No assessment was made of salt added to food, although investigating
this may prove fruitful in light of the concern over hypertension in
adult South African Blacks. All salt used in the households in the
survey was plain salt; iodised salt is not available in the local shops.
Nutritional goitre 1is a problem in this area as found in the health sur-
vey conducted in Driefontein (Pettifor, unpublished data). This problem,
not clinically serious, could be solved through nutritional education of
shopkeepers and customers into the exclusive use of iodised salt.

Between age levels 1 and 3 and age levels 2 and 3 there was a decrease
in the percentage of South African dietary standards met which was
highly significant (see Table 8:2) for nearly all nutrients (only the
decrease 1in percentage requirement met for riboflavin and niacin
between age levels 2 and 3 was not significant). This would indicate
that the sharply increased nutritional recommendations to cover the
pubertal growth spurt are a rather impractical standard in this population.
The fact that the difference between the percentage FAQ0/WHO recommended
daily allowances met by each age level is minimal would support this
suggestion. However, failure to meet the FAO/UHO recommended daily
allowances, even by a small margin, may be responsible for the poor
growth exhibited by children in third world countries because these
recommendations meet only minimum requirements for adequate development.
As discussed in Chapter 3, the argument of adequate physical growth and
the definition and achievement of optimum potential development is

particularly valid In developing count ies.



CHAPTER 9s SOCIO-ECONOMIC FACTORS RELATING TO CALCIUM STATUS OF RURAL
BLACK CHILDREN

Dnefontoin is a Tribal Trust Area in the Ualkerstroom distric of the
Eastern Transvaal, about 60 km northwest of Piet Retief. Land is freehold,
i.e., owned by individual families, although many people live there on
rental terms. The community is a fairly homogenous one (57,9% Zulu and
40,5% Swazi) and is served by a chief and a group of olected elders. There
are primary, secondary and high schools, several churches and four general
stores. Fresh produce is sold by merchants who visit o ce a week. The
ground appears to be reasonably fertile and water is available throughout
the year. The near pital 1is in Piet Retiifj te doctors hold

clinics several times a weak about 8 km away.

9:1 Socio-economic backgro nd of Driefontoin

A demographic survey war carried out in Driefontein in March 1978
prior to beginning studies investigating the health status of the
community and planning intervention programmes (Shuenyane Gt.al. 1980).
There were 1184 households with a total population of 10,142 people; a
household is defined as J group of people related by birth or maniage,
living in close proximity to each other and acknowledging one person as
their head. The survey has elicited a picture typical of many rural
Black South African communities; the 1iga structure 1is representative of
a developing country (4'>,0% of the ; lulation is under 16 years of age).
Thirty-three percent of the males and 13% of the females between the
ages of 21 and 61 work away from Driefontein leaving families behind.

iwo months after the demographic survey, in May 1978, a survey of
a 10% random sample of households was made collecting social information

about these households (ibid.). Basic amenities appear to bo reasonable,
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most households had pit latrines and a clean water supply. The community
is poorj per capita income is 21-40 cents per day, comparing with other
developing countries in Al'rica, and is about half that of Soweto (61 - 80
cents per capita per day) (Shuenyano et.al. 1977). It is difficult
however to assess actual wealth in a community that is relatively self-

supporting as Driefontein is.

9:2 Results and discussion of sociological and economic enquiries

Poor growth of African children is generally attributed to environ-
mental factors (Kahn and Freedman 1959). The dietary history included
questions designed to elicit socio-economic information that might have
a direct bearing on nutritional status, with particular regard to calcium
nutrition. Information gathered from subjects in the study was the
number of people living in the house, the money spent on food each month,
whether the family keeps dairy cows, whether the parents live with the
child in Driefontein. Results are shown in Tables 9:1 and 9:2. There
were no significant differences between study and control groups or
between ago groups for any of the results reported.

Table 9:1 Number of people living in the household and money spent
monthly on food by the household for each age group

Socio-economic 3-5 years 8-10 years 13-16 years
factor
Study Control Study Control Study Control
No. people 10 12 10 9 9 11
in house + 5 + 6 f 4 + 4 + 5 + 5

Money spent

on food 5.93 8.20 4.50 6.50 7.00 7.80
monthly +5.30 +5.40 1-2.30 +5.00 »6.40 +6.60
(rand)

Lowe (1975) observed among an affluent Western society (USA) that there
is little variation in nutrient intake with income. Shuonyane et.al. (1977)

similarly reported no correlation between protoin-energy malnutrition
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and income, number of people living in the house or child-minding

in the urban Black community of Soweto. As the per capita income was
uniformly low for the entire community, there was no significant relation-
ship between calcium intake (mg/kg body wieight) and money spent monthly

on food; see Figure 9:1 (r = 0,1867, p<U,1l, significance limits for jr

when population correlation coefficient is =zero),

(@]
0,1067
0
E 15
0o 10
>, —
0.

° ° ° °

—F+r~1i 1 1 I Ir

0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60

Rand spent per capita per month
Figure 9:1 Correlation between monthly expenditure on food (rand) and
dietary calcium intake (mg/kg body weight)

Food is bought or sent weekly, monthly, quarterly to the people in the
community by household members work 1l i away from Driofontein, further
complicating analysis of incomo and nutritional status. There was no
relationship between the number of people living in the household and
the subject's calcium intake. That a dramatic rise in the economic

climate of the community might produce an equally dramatic rise in the

calcium nutrition of the people is a topic for conjecture; however the



fact that some of the control group were well nourished by any standard

points to the fact that them 1is no correlation between economic factors
and calcium nutrition. This, plus knowing that children whose families

kept dairy cows did not always consume milk daily (indeed, sometimes did
not drink milk at all), emphasizes the need for nutritional education

in the community.

Table 9:2 Parents living with child in Driefontein

Parent living 3-5 years 8-10 years 13-16 years
with child
Study Control Study Control Study Control

Both parents 4 3 4 5 5 3
One parent 7 6 6 7 5 6
Neith

cither : e ¢ o 1
parent

There was, however, a significant difference in calcium intake per
kg body weight between those children who had one or both parents living
with them and those who lived away from both parents. Sixty-eight per-
cent of the children in this study were cared for by their mothers,
whereas in Soweto, more than 50% of the children were looked after by
childmindere (Shuenyane et.nl. 1977). For only 2 of the children whose
parents live away from Driefontein was the calcium intake per kg body
weight greater than 15 mg/kg (10% of this group of children), but 33%
of the children being cared for by one or both parents had calcium
intakes above 15 mg/kg body weight. The mean intakes however were some-
what lower than this: 13,B > 9,5 mg calcium/,<g body weight, parent living
with child; 10,2 t 8,9 mg calcium/kg body weight, both parents .living
away from child (p (0,05); see Fig. 9:7. The families where at least one
parent lived with the child had a significantly gioater number of people
in the household (p<0,0005), therefore, physically having 'more mouths

to feed} but possibly also having more income earners in the household.
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CHAPTER 10: CONCLUSIONS
The investigations reported in this dissertation are twc-fold:
1) a detailed examination of dietary calcium intake in Black children
living in a rural area whose inhabitants have been shown to have a
high prevelance of hypocalcaemia, and 2) a comparison of two methods of

dietary investigation used in studying a rural Black population.

10:1 Dietary calcium intake in rural Black children

Pettifor (I960) has suggested that bone deformities accompanied by
abnormal serum biochemistry (lowered serum calcium and raised serum
alkaline phosphatase levels) he observed were due to a dietary calcium
deficiency. This is the first documentation of children in a natural
environment with what may he calcium deficiency rickets. Most of
these children came from Driefontein, a Tribal Trust Ares in the
Eastern Transvaal. He also found that children in Driefontein had a
higher prevalance of hypocalcaemia, raised serum alkaline phosphatase
concentrations and lower urinary calcium excretion that children in
either a nearby urban community or Soweto (Petti for et.al. 1978b).

The children in this study were selected to represent three distinct
points in the pattern of skeletal growth end calcium retention based
on increase in total body calcium to total body weight gain, as
described by Leitch and Aitken (1959). A detailed dietary history and
24-hour dietary recall was taken from each subject and calculated
dietary calcium intake was viewed in relation to biochemical and radio-
logical findings.

Ch.ldron at age level 1, 3 to 5 years, when the increment in skeletal
calcium is at its lowest, showed no significant differences in serum

biochemistry or in radiology other than lowered serum calcium, the



criteria for selection, between the study and control groups. The study
group, however, did n-.ve a significantly lower calcium intake per kg body
weight than the control group (who had normal serum calcium concentra-
tions) , although there was no correlation between calcium intake and
serum calcium concentration. Indeed, there jere no significant relation-
ships betweeen the h/pocalcaemia and the dietary calcium intake and any
cf the other measurements op calcium status (serum alkaline phosphatase,
bone mineral density, metacarpal thickness, calcium excretion). Because
breast feeding is usually prolonged in rural African society, it may bo
that dieto have not been deficient in calcium long enough to manifest
abnormalities of calcium metabolism other than lowered serum calcium
concentrations. Too, because 3 to 5 years is a period of slow bone
growth, compensatory mechanisms triggered by hypocalcaemia may provide
for increased calcium absorption sufficient to meet the needs at this ago.
For the older children in the study, however, there were significant
findings highlighting the relationship between dietary calcium intake
and measurements of calcium nutrition. Between 6 and 10 years (ago
level 2) there is a sharp increase in skeletal calcium retention which
peaks with the pubertal growth spurt at 13-16 years (ago level 3).
At age level 2 the children in the study group (serum calcium < y,Q mg/dl,
serum alkaline phosphatase ) 300 IU/1) had a mean dietary calcium intn ko
(mg/kg body weight) of 1i W than half that of tho control group (serum
calcium 9,0 mg/dl, sh. ilk 1l1inn phosphatase \ 300 IU/1l), D 'etary
calcium showed a aignificml correlation with all othor parameters of
calcium status measured: sorum alkai <> phosphatase, urinary calcium
excretion, bone mineral density and metacarpal thickness. Trio differ-
ence in calcium intake (mg/kg body weight) at age level 3 was also

significant, althought not quite so striking, probably because both tho

ilcium intake alnn responsible for growth, however, in this



Bestdy inert uwa. , sign itic int liffurancu 1 uni; sun intake, but not in
HEnergy or protein intakes, “etween children above the 50th percentile on
*Ko uprvard height f£f0l age chartr and those below it.

Different geographical peculations live in apparent physiological
health on a wide range of calcium intakes. That there may be ethnic
or environmental differences allowing growth and adequate maintenance of
calcium nutrition by people in developing countries with a wide range of
low (by Western standards) dietary calcium cannot be denied. However,
the children in this study, although showing no overt signs of rickets
do not represent optimum calcium nutrition. The mean dietary intake
(mg/kg body weight) at age levels 7 and 3 1is lower than that of the bal-
ance studies oited in the text (Nicholle et.al. 1939, Holemf.ns et.al, 1945,
Begum and Pereira 1959). It would appear that this method of expressing
calcium intakr (mg/kg body weight) most truly represents calcium
requirements.

i.nlcif teat, tor during ,3§ ihood, growth patterns and calcium metabo-
"ram during growth need to be more fully investigated with reference to
‘he populatior under study. Walker (1972) found that by adulthood, done

mineral calcium showed no significant differences between South Afr .can

dackb xl one, Whites and Ugandan Blacks, and In conjunction with
stodies af 'alcium intake in thes j groups, he concluded, "...a low
leiurn intake, therefore, does not prejudice bone composition." The

present study wo id show, during childhood certainly, that this statement
is not ilid. Uecitivet of the wide individual and group variation in
BMoporen* onlt aim needs, population studies are not effective in estab-

1 ishine; calcium i fuiroments fui individuals. Balance studies alone
u'oudd appoai tn hr inadequate for estimating calcium requirements during
growth; new methods involving anthropometry, hone density and body
composition need to hi devised which, when combined with balance studies

may JjndIrate, ueeful guidelines for optimum calcium nutrition (Irwin and



Keinholz 1973). This thesis does not attempt to establish recommended
calcium intakes, however the results presented would indicate that +400 mg
calcium per day is the minimum intake to maintain adequat; tile wuxr at’
as an allowance for the general childhood (Ei-16 years) populntd ; ..

The possibility of bringing the Driefontein children up to the

ard of developed countries as far as dietary calcium intake 1is probably

not possible either economically or culturally. Doubtt, exisf that sue

a goal 1is necessary or even desirable (Walker 1977). However, as meetinc
nutritional standrads bore no relationship tomoney spenton food,
nutritional education into bettor use of available resources isnecessary.
This would be possible in a commv y "ha- 1is as well motrvatei

Driefontein appears to be, partic > 11. pla . m > d.e

tion in the community cc to fruit,oi . The' :aop

do not use the milk for tneii child!’ ar, ti; ,Jac - 1

availability of water, there 1 wvirtually n
winter are two problems which can bt remedie ! r ' ly v-t

significant contribution to daily ur : ral

10:2 Dietary investigations in a rural Black popuiation

To test the 24-hour dietary recall methoh it in wuveai.igtst
technique, duplicate diet immly: wai c ,ri il b | inn3
the study participant- md results compared t1 thru - 11

the food tables. Results show that fu :'4¢-h -r B <v\ 1

method of investigation used in th tin' u un: to
ful tool in nutrition research in : :al Blact populot s £l
l.ubbe (1968) and Rutishauser (1973) king in flfric 1ls"- foundaXi el

lant agreement between the 24-hnur diet iy 1lei.iall and other, more tmme

and labour-consuming methods. Probably the very simpl lcft\ u '-rs iie

of the rural African contributes to this foi ;n mom sophistm '-m'

economies, workers have not found * - y o 11 t



accurate record of dietary intake (Young et.al. 1952, Schaefer 1966,
Lenner et.al, 1977). Present results would recommend that a check of the
24-hour dietary recall be made with particular reference to the nutrient (s)
under study to be assured of accurate findings. This 1is particularly
relevant when the diet consists of a single staple which is grown and
milled locally.

Because the 24-hour dietary recall method of investigation can be
used .to gather information from a large number of subjects and becuase
only one professional nutritionist <controlling trained lay workers is
necessary, this is a particularly successful method of nutritional

investigation.



APPENDIX fl; COSTING MENU PATTERNS. TABLE 4:4
Table 4:4 (page 28) lists menu patterns to meet the EAO/WHO recom

mended daily allowance for calcium for three age groups, 1-9 vyears,

10-15 years, 16-19 years. Three menu patterns are included for each
age group: 1) milk as the main source of calcium, 2) mixed diet
and milk, 3) mixed diet with a minimum amount of milk. Prices are

from the Witwatersrand in November 1982. Table A:1 lists the cost pe
food item as purchased and Table A:2 1is the costing of the menu

patterns.

Table A:1 Cost of food items used in menu patterns to meet EAO/WHO
calcium allowances (Witwatersrand, November 1982)

Cost in cents/unit

Food

as purchased as used in menu
Milk 58/1litre 5,8/100 ml
Drown bread 39/kg 3,9/100 g
Rice 109/kg 2,0/75 g cooked
Dried beans 56/500 g 5,0/100 g cooked
Fruit (selection) 45/%g 6,0/piece
Tinned fish 54/106 g 27,0/50 g
Peanut butter 64/410 g 2,4/15 g
Moat/chicken 264/kg 2,1/15 g

Peanut butter 54/410 g



APPENDIX A: COSTING MENU PATTERNS. TABLE 4:4

Table 4:4 (page 28) lists menu patterns to meet the EAO/WHO recom-
mended daily allowance for calcium for three age groups, 1-9 vyears,
10-15 years, 16-19 years. Three menu patterns are included for each
age grcup: 1) milk as the main source of calcium, 2) mixed diet
and milk, 3) mixed diet with a minimum amount of milk. Prices are
from the Witwatersrand in November 1982. Table A:1 lists the cost per
food item as purchased and Table A :2 is the costing of the menu

patterns.

Table A:1 Cost of food items used in menu patterns to meet FAQ/WHO
calcium allowances (Witwatersrand, November 1982)

Cost in cents/unit

Food
as purchased as used in menu

Milk 58/1litre 5,8/100 ml

Drown bread 39/kg 3,9/100 g

Rice 109/kg 2,0/75 g cooked
Dried beans 56/500 g 5,0/100 g cooked
Fruit (selection) 45/kg 6,0/piece

Tinned fish 54/106 g 27,0/50 g

Peanut butter 64/410 g 2,4/15 g

Pesnit Duteer ca/ane o 2,1/15 g



Table A:2

1)

2)

3)

Menu

milk as
main
calcium

mixed
diet
and
milk

mixed
diet,
minimum
milk

Costing menu patterns,

Food

Milk
Broun bread

Milk

Broun bread
Rice

Dried beans
Fruit

Milk

Broun bread

Rice

Dried beans

Fruit

Tinned fish

Peanut butter

Peanut butter/
Meat

Table 4:4

1-9 years

Coat 1 Total

Cent

29
04

15
04
02
05
12

01
07
04
05
12
27

02

Cents

33

38

58

10-15 years

Cost
Cent

36
05

22
07
04
05
18

01
10
06
08
24
27
03

02

Total
Cents

56

81

16-19

Cost
Cent

36
05

22
07
04
05
12

01
10
04
05
24
217
03

02

years

Total
Cents

41

50

76



APPENDIX B: FORI" FROM ROUP. I



171 175 /'S Study Number
INVESTIGATION INTO DIETARY CALCIUM INTAKE 86

Name 3\ . /11 A R A 'SO age AN Sex M <

Family history:

Father: Alive tyes no Mother: Alive dree* no
Living in Driefontein yee (ho Living in Driefontein < no
Living with child yes (no Living with child no

Employed Jj yes no Employed yes 9~
If so, es .hut 3 At.CtmAn If ao, as what
Plural marriage yes (no!

How many people live in the house 9 .0
Siblings’ ages: /v FIL, F 1 it 1 M F n r
1nh n <g£ f M F M F n F
/1L n (& to F m F H F
/2 n (f 1 < F n F B F
Does any membor of tho family living away from home send .
looney' + (Food Neither
money or food homo regularly?

How much money ie available to the household /? Jweek/month

Agricultural flccompllshnonts;

Does the family have a cow yes (00

Dpus it give milk yea (no

Approx, ' of nilking pail rUf\

How many times a day milked H I f

Does it have a calf yee (no

Does tho family hove cattle

. yee Vo
(other than a milk cow)

Are they claughtornd yea ho

How frequently ) ll_f\

Does tho family have other livestock sheep Soat a pigs none

If they have goats, do thoy milk tho yoats yes no

Approx. how much milk

Are any of those animals slaughtered sheep goats prigs

How frequently hoIA

Dooo tho family have fowls gcoao chickengl duck 3 turkeys none

Do they lay eggs yea no i,yen no yea no yea no

How many eggs per day 2

Are thoy slaughtered geese Ichickons ducks turkeys

How frequently t)nt . n UcCfc



Study iiiuniloi

87

Dnily dlot (of tho child);
Does tho child have o good appetite (yes) no
How many meals are eaten per day 1 2 (Jj 4
Approximately what time are the moal(s) eaton

B , "7 0il n

L, | .
Does ho eat other than at mealtime yes no
If eo, what and how often

s cU
Tea/coffeo Do o he use milk sugar
yes (no (vea no
fresh condensed powdered
how much /N how much

Recall of the previous day: fod food and amount the child ate:

Heal
+ Li HI
Hoalie meal (thin porridge
Moalio meal (stiff porridge) 0 c %
J 1 Tm™
Samp
<z Dread (thickness of slice
— + (specify (brown/, hi he) l.C v
buttor/nargai ino
Tam
Milk/sour milk
Tea/coffeo 3 Jcn °
Pleat/poul try/fish
CM-
Vegotableo: Potato V;,, cwlj
1
( 0 Y/~ <.tv 1)
........... J J
Fruit

Other foods



Study number

Which day of the weok was recalled Monday Tuesday Wednesday Thursday (Friday/
Saturday Sunday

Is the day recalled a typical daily intakr Qfoo no

Does tho child ever eat: how frequently

Milk fresh ho (0r~>< - Lvfc
condensed;yes ; no INMC < r- Lv<vk
powdered yea (ho

Butter/margarine W no f v;C.U w-J -

Eggs seS' no .

g9 e Vv ) UJs ev k
Chicken/fowls yeiv no CMCE Cv w vk
La.nbA'vttun

S no 0o «f G
Beef no
Vxj # 6 k

Goat no . .

i4nnOru H -'

Potatoes no

2 - « LV1 C k

Sweet potatoes no

ollll c V A kl

Spinach ea > no

P (y On j . o» £V k

Cabbage (yes no 2 X cl v< ck

Dried peas/beans (yosp no (v

P t

eanuts (yes no C Mt # sav 4
Rhubarb yes

: frui

Citrus fruit yes no 2 - ¥ Viav .k

Boown broad yes no

Breakfast ccr Is yes (ho* what kinds

Oatmeal yes c°

Cocoa powder yes (9

Chocolate yes (2°) 0

Swrotc no Q MC Vv iviC ¢ k

Crisps (yes; no

-ut buttor no o

Water supply: (of tho whole family)

Where does tho water come from (river) spring open well covered well other

How much water is collected daily?
5 v a (IcLv ”

How much water does tho child drink daily' 1 2 3 14 5 6 7 8 cupsful



Shopping facilities: (for tho whole family)

Do you go grocery etiopping yea (no

How often do you go grocery ohopping

In Piet Rotief

What do you buy In Driofontein

CClLf picCt
(- oyke ..2>fcC m 17
M .1k
F.d.
'\Vca*
fl)? ea d

Approximately how much do you spend /\iI7)
What is the supply source of tho following food items

Food item Produce themselves
Moalio meal
v/
Samp/moalio rice
Broad “brown/white

tUttur/m rgarine"

Milk powdered
..condensed

(fresh

meat/poultry” irh

Vegetables (kinds)
c '1l1) \4 ‘i ~Lt
Fruit (kinds)
A » 1\
How much salt do you buy each month? zi ~ 11
What kind of salt do you buy Ijglain
Do you know what iodized salt in yes no

In Driofontein

iodized

Study Number P

89
daily weekly
weekly monthly

In Piet Rotief

per wook month

(including quantities)

Bought How frequently?

\ 1V ky

»o » C v

vo vV k

(D n ¢ « a v— <v

C)aC ¢ t» u-i f r-

(ask to see the packet)

(“nevor



Study Number & /C_

Shopping fac.llitioBi (for tho wholo family) 89

Do you go grocery shopping yes (fio

How often do you go grocery shopping In Driefontein daily weekly monthly
In Piet Rotief weekly monthly (never 1

What do you buy In Driefontein In Plot Retief

VINci'L< IKCv

( rmv LI>C A

H.1lh
f

Approximately how much do you spend

What is the supply source of tho following food items
food item Produce themselves
Mcalio meal

x/
Samp/moaiio rice

Broad Jarown/whito

Jutt.r/m rgarine

Milk powdered

condensed
~fresh

meat/poul try'f Irh

Vegetables (kinds)
/c 9L | ~

I '173u. v o« e1|ei” .1
Fruit fkinds)
~ » 1\

How much salt do you buy each month? Ar s

_per week month

(including quantities)

Bought How frequently?

(!/kt A veot v
< v < c

( rtc N m ' i k.

(jn (t ci KLk

J W (1 wWovcu

MHr> i v c> fc

( k cl VO dfA-

What kind of salt do you buy (gilain iodized (ask to see the packet)

Do you know what iodized salt is yes (10



90

STUDY NO
COOKING FACILITIES:
Cooking facility available Stove Open fire
How big is the cooking facility; one pot two pots 'throe/more pots.
Approx. size pot used for mealie meal <1 ( C »-
Approx. size pot used for meat/veg/atow. [ c N
Size drinking cups ive!'-Up . XAVn Cc<e oo
Size table (serving) opoons. . .
g o IN o oilfrw ypci® - I.

STORAGE FACILITIES:
Is refrigeration available Yee No,
How ia meat stored? <f.V.y Vtt<l
How are vegetables/fruit stored? , T, -1 v - L v Lj l
How is meal s ored v t
GARDEN;
la there a garde Yea No.
Who tends the ga: A I < /K hi
What ia grown Summer Winter

N V>L's<¢ e U S -o cli

,C ( Ijvstil Ii

I< 4uk ‘: .. —
Where do you get the eoceda? ~i< h |
INTERVIEWERS NOTES:
Who was interviewed? Mother Father Female relative Male relative,
Does thin person do the cooking Von No.
Do you think the interviewee won

tolling the truth? yon No.
House Tidy (Untidy
Garden tidy untidy
What io growing in the garden?
P. _4r K 1

Did you ooo evidence of animale Yon No.
WhoI animaln' Fowls Cattle Goata Domestic Pete

Dog/s 1lvH
Cnt/n 1 W%



APPENDIX C: FORM FROM CONTROL GROUP, AGE U VI -



btuay Number ;

INVESTIGATION INTO DIETARY CALCIUM INTAKE
, . <1
Naira L--*t M )i Ijn P \" bé& Age
family hiatorv;
Father: (Alive yes no Mother: Alive
Living in Driofontoin y (a no Living in Driefontein
Living with child f yes no Living with child
Employed ( yes no Employed
If so, as what \A Of. P If eo, as what
Plural marriage yea ( no
Hew many people live Jn the house / 7%
Siblings’ ages: m r /2 n r M F
m r M F m F
m F rl n F n F
'£ n f ) n f M F
Does any member cf tin family living away from homo send Money
mor.sy or food home regularly?
How much ircnay la availcble to the houaoholo s/
_Agrlcul turrl Accnm 1l ichnnnts:
Coco the family havo a cow (ye no
Douo it gl 'o milk yea (no
Approx, of r.liking pail
How many times a dry milked A /*/
Docs it hove a calf yes no
Doon the family hove cattln
) (V8O no
(other then a milk cow)
Are thoy elaughterrd yea (no
Hew frequently oy i
Doos tho family havo other livestock cheep goats
if they havo goatn, do thoy milk the goats yea (no
Approx. how much milk /\/4
Are any of those an.'.naif- olounhtorod sheep goats
Hou frequently r*n AL
Draa tho family havo fowls goose chickono ducks
Do thoy lay eggs yea no (wets no yosS no
Hew many ngno por day A\
%
Aro thoy elcughtered geoao chickens ducks

How frequently

Sex

Food

turkeys

yee no

turkeys

ry
92

fr

('yea no

(yea no
(vea no

yea fno '

Neither

week/month

pigs ( none

pigs
A /~rF

none



bfcudy Number

INVESTIGATION INTO DIETARY CALCIUM INTAKE 92

Nair.g u At:M )Jj hfl P)1  b<c' .Ago Sex M

Family history:

Father: .Alive /ea no Mother: Alive ,yea no
Living in Driofontoin (yes no Living in Driefontein (yes no
Living with child yea no Living with child rye9 no

Employed ( yes no Employed yea rio '
f
If eo, as what VN C'r D /'"Hcrc/Vy If o, os what
Plural marriage yea ( no
Hew many people live in the house / 7
Siblings' ages: 2*0 n F 1% B F 3 M F M F
I~ M F U n F 1 m F m F
m F Cl n F B F n F
. iff- . n F " n F n F n F
Does any mvr.ber cf the family living away from homo send .
Monoy Food Neither
nor,ay or food home regularly?

How much money la available tc the household fi1/u"’ week/month

Agriculture® AccnInl iebnento:

Coco the family havo a cow ('yeo no

Oouo it give milk yes ( no

Approx, .4 of milking pail -£/5

Hoy many times a dry mIked A7+

Dsos it havo a calf yes no

Does the family have cattle r

0o no
(other then a milk cow) Y

Are thoy slaughtered yes (no

How frequently Aoi

Doos tho family have other livestock cheep goats pigs ( none

iF thoy have gostn, do thoy milk tho goats yes (no

Approx. how much milk /'/?

Are any of thoso animals slaughtered cheep goats pigs

Hou frequently /N /T A./4 A /-r

Dnoo tho family havo 'owls goose chickens ducks turkeys none

Da thay lay ogga yos no “yes no yes no yea no

Hcu many egcia por day hi

Are thoy slaughtered geese chickens ducks turkeys

Hou frequently



[V EtVrli N, he C1p Study Number ~  —y i

Daily diot (of the child):
Dona tho child have a good appetite (“yen no
How many meals are eaten per day 1 2 CT 4

Approximately what time aro tho menl (a) eaton

'» A '] 3C n h- ~ CC
L. ti- ¢ o g »1
Does ho eat other than at mealtime yea no

If so, what and how often

J urf c*ol<ei o M1 ctt cLoor v.t H 6C 0« ,

tea/coffee Do a he use milk
yes' no
fresh jcondensed powdered
how much 1 jccukcC ®

Recall of tho previous day: fod food and amount the child ate;

MeaT
I n U
Maalie meal (thin porridge
Moalio meal (atiff porridge) c
Samp
~ vBread (thickness of slice ) . .
— +— (specify brown/white) sic a
But ter/margarIhe
~1
3am
Milk/sour milk |
Toa/coffoo
Ploat/poultry/fieh
Cg—jo
Vegetables: Potato h ;
( c
J I
Fruit

Other foods

how much 3-1i

S
1"

93

sugar

y#e; no

4 € ¢V

15,

U il Ccke:
t
0 /cU dev-



\ i

Which day of the week was rocallod

Monday

Is the day rocallod a typical daily intak

Does tha child ever oat;
Milk fresh y !
condensed”yea'

powdered vyes

Butter/margarine <yo9
Eggs (>03
Chicken/fowls yos
Lamb/mutton yea
Beef

Goat Sej
Potatoes yos

Sweet potatoes

Spinach yes-
Cabbago
Dried peas/beans'l yos*
~M e . VNu II1L
Peanuts '/nr
Rhubarb yos
Citrus fruit yes'
Boown breed (yes'
Breakfast ccr 1c yes
Oatmeal yea
Cocoa powder yes
Chccol to yes
Surotc yos
Crisps yes
vt butter yos

no

no

no
no
no
no
no
no
no
no
no
no
no
no
<id¥
no
no
dpj

0o

no
no

no

what kinds

Water supply: (of the whole family)

Where does the water come from

How much water is collected daily?

river spring

7, X <\A

How much water does the child drink doily'/

ppon well > covered well

btudy number

Wednesday Thursday

Sunday

no

how frequently

Cv*ce c; v-3< e k

Cn/C f cla.f
J

cL C'Vtl
0 |
X * Q vo< CK
Dr<C ( O W<eC

Crict @

Cr-.cc G.

xjc0dJ
J * 6 1 20k
C c c

"U f 0-X

£7 LL

Friday

u)ut , nvQ .(a L*

Arxror rv b>"co

Z v fx vt f Kk,

f7Z ¢t fi tvtfk
CZc ( ci v cck
x) v rt vecck
Y < rx| ({ 0.71
j >
Vv 1l (x "

L,»t.t ~ tc 6 c k

V,\xcQ Vin.\a\>V

5 " 6 7 8 cupoful

Uorv-c

other



Study Number 1g 7

Shopping faclJditios; (for tho wholo family) 95
Do you go grocery shopping yes ko,
How often do you go grocery shopping In Driofontein daily IUfoekl”) monthly
In Piet Rotief (weekly) monthly never
What do you buy In Oriofontoin In Piet Retiof
L . (X 6 'VX V £V pri» \WF
fore O-H vACY>:
lc
1 Cx-v-k o\ C¢£ k
K\k.C1 ¢ hlkfl
I\Ve » I
K. - " ( per week month

Approximately how much do you spend

What la the supply source of the following food items (including gquantities)

Food item Produce themselves Bought How frequently?
Nsajie meal
cr'occ & VMt (k
Samp/mealie rico” X - m 6 o Jtv k
Bread “brown/white .
C Ut Vld. &Y

Jult' r/m rgarinfj 0 ocV @€ Vvtv k

Milk powdorod

(pondenss'9 Or* tC. 1 wWfi k

(frosTT
C t 2 f< w)<1l K"
meat/poultry” irh
I*a. v." 1L \j lvu*te < evk —AU <1
Vegetables (kinds) 5 o vU
tC nnruk Cl C.xce < «bxe
C Cfufoo £
i 1- \cv
Fruit (kinds)
Or* t 2 ct  wxt fo -

How much salt do you buy each month? (" viot i

What kind of ealt do you buy plain? iodized (ask to see the packet)

Do you know what iodizod salt is yno (no',



Liff \

STUDY NO:
— l Vgp"
96
COCKING FACILITIES:
Cooking facility available (Stove Open fire
How big io the cooking facility; ona pot !two pots'') three/more pots.
Approx. size pot used for mealie moal ( (
Approx. size pot used for meat/veg/stou. Vv | 7 (
Size drinking cups 1\
\
Size table (serving) spoons.
STORAGE FACILITIES:
Is refrigeration available Yes (No
How is meat stored? Ccocl Ootds c
How are vegetables/fruit stored? U = <~0r Ccit
How is meal stored ' ) o
1/ ic 11
CARDEN:
Is there a garden? No.
Who tends the garden
What 1is grown Summer Winter
Where do you got the seeds? S TO RC.
INTERVIEWERS NOTES:
Who was interviewed? Mother Father Female relative Ma’a relative, c U. Ir(
Doec, this person do the cooking Yes No.
Do you think the interviewee was
telling the truth? i.Yoo No.
House (Tidy Untidy
Garden (tidym untidy
What io growing in the garden?
~ D »it O t
C 1CVi4< vx
C x1LjVjc'Clt
Did you ooe evidence of animals Yes No.

What animals? Fowla

Domestic Pets
Dog/e i -
Cat/o

Goats
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