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has been shown to cause thig response is 400 ug (lerbert,
1963b) although not all patients with pernicious anaemia
respond ‘to this dose (Marshall and Jandl, 1960). The
daily reguicement for folic acid in pregnancy is of the
order of 300/ug, as shown hy Willoughby and Jewell (1966).
The results of the hospital-based study at Ngul ¢« indicate,
however, that 300 Jar folic acid givsn daily in tablet
form causes a marked rise in red cell f,lote concentration
in the averagae pregnant woman, although it ils inadequate
for some. The regreoesgsion lines suggest that even 4if only
300 /ug folic acid was taken daily in maize meal, there
would be a slow rise in red cell folate in the average
woman at the end of pvegnéney. If.these patients were
folate replete at the begianing of pregnancy because they
had been eahiqg Tortilfied footl, an even smaller dose,
sutfficient to maintain Lolate stores, might well be ade~
quate.

Based on the observations of Hevbort (1963h) and
Willoughby and Jewell (1966), the margin of safety between
the requiremenus of pregnant women and the dose capable of

causing regponse in vitamin B deficdienay is 100 /ug folic

12
acid daily. This margin could be dnercased significantly

if the amount of folic acid added to maize meal was adjusted
to account for increascd maize consumption by pregnant

wor en.  Deercased consumption by older patients, who are
nore suscmpb@ble to pernicious ansemia, would thus resualt

in the dntake of foldic acid being reducaed to levels salely
below those as&ociatcd with regponge to folic acid in

vitamin Blz defdeiency anaemia.
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Summary and conclusions

Red cell folate levels were measured for six weeks in

an “ndex member and the oldest member of each of six
families who had been given folic acid-fortified maize
meal for use in the home. TFive of the index patients
were pregnant and one was a lacbating woman. The amount
of folic acid added to the maize was calculated so that
each adult would receive SOOfug folic daily.

In five of the six index subjects, red cell folate
levels rose significantly, and the rise was more rapid

.
than that observed in pregnant wonmen in the hogpital-
based trial who were fed, under ﬁupervision, fortified
naize containing the same doge of added folic acid. -
In spite of the fact that their requirements are lower
thap those in pregnant and lactating subjects, the older
members of these families showed a more sluggish rise in
red cell folate concentration than the corresponding
index members. One index subject, whose family ate less
than was expected, showed an essentially unchanged reua
cell folate level after six weeks.

It is concluded that folic acid-~fortified maize meal
can be used effectively to supply folic acid supplements
to pregnant women who store, cook and eat the meal accord-
ing to local custom. The changes in red cell folate levels
in the patients studied suggest that pregnant women may
consume niore, and elderly paticnts less, than the average
adult in the family. This pogsibility would tend to in-

crease the margin of safety when folic acid-fort!fied foods
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CHAPTER 7

DEMONSTRATION OF THE ANTIMEGALOBLASTIC EFFECT OF
FOLIC ACID-FORTIFIED MAIZE MBAL AFTER
COOKING

177.
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Introduction

In previous chapters, the efficacy of fortified food
as a means of correcting folate deficiency has been
gauged by measuring folate concentration in serum and
red cells, after administration of the food to human
subjectg. These measurements were made by means of
assays dependent on the biological availability of
folate for bacterial growth., While this technique
has demonstrated that the food provides folate which
is utilisable by bacteria, it bhas not at this stage
been conclusively shown that this folate is biologic-
ally available to man. For this reason, it was con-
Sidered necessary to evaluate the efficacy of folate-
fortified maize meal as a therapeutic agent in patients

with megaloblastic anaemia due to folate deficiency.

Method

The antimegaloblastic effect of the cocked meal was
tested by means of a therapeutic trial. This typs of
trial was originally devised to test the potency of
liver preparations for use in pernicious anaemia (Minot
et al., 1928), and was subsequently used to test whether
deficiency of a specified haematinic was the cause of
the anaemia in a given patient, by assessing whether

an ortimal response was obtained when small doses of

the haematinic were given to the patient (Minot and

Castle, 1935).
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The three essential principles which should be
followed when conducting such trials were outlined
by Minot and Castle (1935) and reviewed by Herbert
(1963b). These three principles and the methods used

in the present study to comply with them are as follows:

1. "A control period of a few days (seven to ten days
if feasible) is desirable in order to establish the
constancy of the methode." The control period was ex-
tended for as long as was pogsible in the two hospitals,
which have a very rapid turnover of patients and a
severe shortage of beds. By convention, the first day
on which the fortified meal was given was designated

day 0.

2. "Elimination of sources of active material other
than the substance under test .... The diet ....

. should not contain such substances during observations."
The diet was the usual ward diet which was free of
uncooked green leafy vegetables. In previous studies
by Metz (1959), Stevens (1964) and Baumslag and Metz
(1964) at Baragwanath Hospital, this diet failed to
induce haematological regponse in patients with
folate~deficient megaloblastic anaemia followed for

up to 30 days. This diet contains copious quantities

of maize meal. The fortified meal eaten by the patients
in the present trials thusg merely replaced unfortified

maize meal in the ward diet.

b e e R
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4 3. VIt is desirable to use .... a dose just sufficient
; : to produce a distinct reticulocyte reaction,n As ib was
: 3 not possible to predict what a "sufficient! dose would
: be, the daily dose of folic acid added to the maize meal
! before cooking was iﬂo/ug in the case oi patient 1, 300/ug
g in the case of patients 2 and 3, and SOO/ug in the case

of patients 4 and §. The maize meal was fortified with

T R || s e e S TR s W d P w1 g b

pteroylglutamic acid din proportions of one daily dose ‘to

i it

cach 30 g maize meal (dry wedight). The mixture was cooked

e o

in boiling water for 30 to 45 minutes to form a stiff

paste, and was eaten with the normal hospital meals each

e

day. ,

In order to assess whether an optimal response had %

been achieved, an attempt was made to elicit a secondary : : %

i

i | reticulocyte response in patients 4 and 5 when the retic- f

; 4

i ! ulocyte counts had returned to stable levels after the : :

: 5 ‘ initial reticulocyte response. These patients were givéﬁ N
15 mg folic acid and 240 mg elemental iron (as ferrous

sulphate) daily by mouth.

ITIr Clinical details of patients studied

sk e sy

Five patients were studied, onc at the Johannesburg

s General Hospital, and the rest at Baragwanath Hospital.
AlL five patients were admitted to hospital with severe Ei
anaemia during “the period of lactation, and continued i |
breagt~feeding throughout their hogpital stay. The mean
period bebween parturition and admission to hospital was

114 days (range 49 ~ 189 days). The detbails of the
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individual patients are briefly presented, and the
laboratory findings on admission are summarised in

Table 7.1.

Patient No. 1 23 years old. Para 3. 189 days post-partum.

Her two previous children were born 27 and ten months
before the last delivery. The first infant died at three
months and the second, which had a birthwe.ght of two kg,
died at two weeks, both of causes which could not be
established by the author.

She attended antenatal clinic for eight weeks, but
did not receive haematinics. Her infant was delivered
at Newcastle Hospital, Natal. 8She was readmitted to
the hosgpital 00 days post-pavrtum with anaemia, and was
transfused with three pints of blood and given pills, the
nature of which is unknown to the author. She had an
epistaxis 145 days post-partum and bled per vagina from
day 150 to day 180 post-partum.

On admigsion, she was complaining of palpitations,
headache and vertigo. 8he was noted to have scattered
petechial haemorrhages and a urinary tract infection,
and was treated with ampicillin by mouth from day 2 to
day 12 of the therapeutic trial., On the basis of the
clindical and laboratory findings, a diagnosis was made

of megaloblastic anaemia due to folate deficiency.

Patient No. 2 20 years old. Para 1. 164 days post-partum.

She received no antenatal care, and delivered her

infant at home in Bergville, Natal, without the assistance
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of a midwife. She developed diarrhoea one weck after
the delivery and this persisted until her admission to
hospital.

On admission to hospital, she was complaining of
general lassitude and weakness. In conjunction with
the laboratory findings shown in Table 7.1, it was
concluded that her anaemia was megaloblastic due to
folate deficiency. She was transfused with two pints
of blood on the day of her hospital admission (day ~6

of the therapeutic trial).

Patient No. 3 25 years old. Para 5. 49 days post-partum.

Her fourth child was born fourteen months before the
fifth one, and died after six weeks from causes which
could not be established by the author., After a preg-
nancy unassisted by antenatal care, her fifth infant
was delivered at home in Carletonville, Transvaal. No
midwife was present at the delivery. She bled excessive-
Ly fovlfive days postepartum, and felt weak until the
date of admissin.

On admigsion, she was complaining of reduced effort
tolerance, and was noted to be pale and in congestive
cardiac failure. She wau given anti-failure therapy
from the day of admission until day 4 of the therapeutic

trial. In conjunction with the laboratory findings shown
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in Table 7.1, a diagnosis of folate~deficient megalo~
blastic anaemia was made. 8She was transfused with
three units of blood on the day of her hospital ad-

mission (day -8 of the therapeutic trial).

Patient No. 4 23 years old. Para 2. 88 days post-partum.

Her firstborn child was delivered 47 months before
the second child, and was well. She did not seek ante~-
natal care during the more recent pregnancy. She gave
birth at home in Brits, Transvaal, without the assistance
of a midwife, and passed clots of blood per vagina for ten
days post~-partum. She developed diarrhoea approximatély
40 days post-partum and symptoms of congestive cardiac
failure approximately 55 days post-parvtum, both of which
pergsigted until the date of admission. fix days before
admigsion she collapsed in the street and was taken to
hospital, but she left the casualty department without
seeing a doctor.

On admission to hospital, she complained of reduced
effort tolerance, ankle swelling, and diorrhoea. She
was noted Lo be pale and in biventricular congestive
cardiac failure, and her temperature was measured as
390C. The house staff made a provisional clinical
diagnosis of septicaemia superimposced on an acute

leukaemia and began treatment with parenteral gentamicin
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sulphate and penicillin, which were continued from the
day after admigsion (day -3) until day 9 of the thera-
peutic trial, Subsequently, on the basis of the labo-
ratory findings shown in Table 7.1, the diagnosis was
altered to that of folate-deficient megaloblastic

anaemdia.

Patient No. § 21 years old., Para 1. 80 days post-partum.

She attended .he Tladi Antenatal Clinic, Soweto,
Johannesburg, from the end of the second trimester, but
did not take the tablets she was given. Ankle oedema
developed during the last three weeks of pregnancy, but
remitted after delivery. Seventy days post-partum she
developed ankle vedema, noted that she became dyspnoeic
after walking twenty yards, and began to cough yellow
sputum.

On admission, she was noted to be pale and in con-
gesbive cardiac failure. Prominent Roth spots were pre-
sent on both fundi. On the basis of the history and a
temperature of 38.2°C, the house staff considered that
antibiotic therapy was dindicated and penicillin was
given from day ~1 to day 4 of the therapeutic trial.
She received antifailure therapy over the same period.
with the assgistance of the laboratory investigations
shown in Table 7.1, a diagnosis of folate-~deficient

megaloblastic anaemia was made.
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"Resqigg

The daily haemoglobin levels and reticulocyte counts of
the five pétienba are depicted graphically in Pigures
7.1 to 7.5, The‘significant points of these figures are
summarised in Table 7.2.

None of the patients had a reticulocytelresponse
during the control period, and neither of the two pa-
tients who ﬁeceived pharmacological doses of folic acid
and iron haﬂ a secondary reticulocyte response.

Four patients were thrombocyltopaenic ab the start

of the trial, and all had normal platelet counts by day

8. The single patient with a depressed white cell count

on day 0 had a normal count on day 3 of the trial.

TABLE 7.2

Respons2 of patients to fortified maize meal,

PATIENT MO, 1 2 3 4 5
Control period
(days) 5 6 8 4 3
Daily dose‘bf folic
acid in meal (/ug) 100 ano 300 | 500 | 500
Duration of trial ‘ .
(days) 15 17 13 11 11

Reticulocyte peak (%) 20.8 | 20.4] 19.4 { 38.5] 32.2

Day of reticulocyte

poak ‘ 7 7 7 5 é
o it guy Day O 431 5.81 8.4 4.91 4.4
Haemoglobia(eh) pige 3.0 5.0] 2.0 3.0] 2.7
_— Day 0 13 1.9 2.9 1.2 1.3
Roc Celd pay 7 | 1.5] 2.6 3.4 1.9 2.4
mill/ ul mod ofl 2.2 3.3| 3.8 2.2] 2.7
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Effect on haemoglobin value (
rebiculocyte count

n_ .

) and
of feeding maize

porridge fortified with folic acid to a
o . lactating patient with folate-deficient

megaloblastic anaemia.
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Discugsion

¥None of the patients had a reticulocyte response during
the control period. This finding is din accord with those
of Metz (1959), Stevens (1904) and Baumslag and Metz
(1964) at Baragwanath Hospital. It appears that the
hospital diet containg insufficient folate to induce a
haemgtological response.

The assessment of the success of a therapeutic trial
is based largely on studies of patients with pernicious
anaemia., In order for a haemabological response to be
rated as optimal, Chanarin (1969) states that the reti-
culocyte peak should occur between days 5 and 8. This
criterion was fulfilled in all five patients. The
reticulocyte count and red cell count must then be
shown to reach certain specified levels.

The height of the reticulocyte peak is related to
the severity of anaemia, and the expected height for
a given initial red cell count has been described by
Sturgis and Isaacs (1938). According to their criteria,
patient no. 1 had a suboptimal reticulocyte peak, while
response was optimal in the other patients.

The rise in red cell count for a given initial count
was studied in a large series of cases (Bethell, 1935),
and this forms a reference table for determining whether
the rise in red cell count is optimal. On the basis of

these figures, the rise in red cell count in patient no. 1
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was suboptimal. Patients 2, 3; 4 and 5 had an optimal
rige in the red cell count.

Patient 1, in whom the haematological response was
suboptimal, received fortified maize meal, which con-
tained IOO/ug folic acid daily before cooking. This re-
flects the fact that this dose is inadequate to meet the
requirements of a lactating patient, which has been |
established at approximately 300/ug per day (Metz, 1970).
However, this patient's documented urinary tract in-
fection may have interfered with the response (Chanarin,
1969), although this inhibition was not observed in
patients 4 and 5.

An optimal haematological response was observed
in patients 2, 3, 4 and'S. The failure to induce a
secondary reticulocybe response with pharmacological
doses of folic acid in the two patients (numbers 4
and 5) so studied is further evidence of the optimal
nature of the response induced by the folic acid-
fortified maize meal.

In patients 2 and 3, the therapeutic trial followed
the administration of blood transfusions. Herbert
(1963b) suggested that transfusion of two units of
packed cells was one of the possible factors which
may have caused a "spontaneous" response in a pabient
he studied with Zalusky. However, Stevens (1964) re-
ported that ilhree patients with folate-deficient mega-

loblastic anaemia who were transfused did not have
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reticulocyte responses when followed for up to seven-
teen days.

Patients 1, 4 and 5 received penicillin at or be-
fore the start of the therapeutic trial. Foy et al.
(1951) have reported response in megaloblastic anaemia
of pregnancy in Kenya to crystalline penicillin., It
is feasible thalt this may have contributed to the re-
sponse in patients 4 and 5, but difficult to explain
on this basis why patient 1 did not manifest a response.
An important obgservation in this connection is that
Cohen (1953) and Metz (personal communication) were un-
able te confirm the finding of Foy et al. in South
African Negro patients. They treated eight patients
with megaloblastic anaemia in the pusrperium at Bara-
gwanath Hospital with penicillin, none of whom mani-~
fested a haematological response. Chanarin (1969) raises
the suggestion that antimalarial drugs could have contri-
buted to the responses observed in Kenya by Foy et al.,
as Fleming et al. (1968) have found this factor to be
of prime importance in Nigeria. This possibility
would explain Cohen's and Metz's failure to demonstrate
response in the Johannesburyg area, where malaria is
not found. Whabtever the reason, it is manifest that
penicillin therapy does not cause haematological response
in megaloblastic anaemia of pregnancy and the puerperium

in Johannesburg, where this study was undertaken.
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Summary and conclusions

The antimegaloblastic effect of cooked folic acid-~
fortified maize meal was tested by feeding the meal to
five lactating patients with folate~deficient megalo-

blasbic anaemia. The dose of folic acid in the meal

before conking varied from 100 to SOO/ug daily. ;

The one patient who received 100/ug daily had a
suboptimal reticulocyte response, as would be expected
in view of the requirement .n the lactating subject.
In addition, the response may have been inhibited by
the presence of a urinary tract infection.

The meal eaten by two patients, who had been
previously transfused, contained 300/ug folic acid
daily, and that eaten by a further two patients con-
tained SOO/ug folic acid daily. These Four patients
had an oplimal haematological response.

At the end of the therapeutic trial, the two patients

who were given meal containing 500 ug daily were given

/
pharmacological doses of fulic acid and iron. Neither
manifested a secondary reticulocyte response.

It is concluded that the fortified meal after !
cooking is an effective antimegaloblastic agent, The
doge of folic acid in the meal necesgsary to induce an
optinal response in lactabing palients is greater than

loo/ug, but less than 300/ug.
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CHAPTIER 8

A POPULATION SURVEY AMONG HEALTHY INHABITANTS
OF NQUTU, AND AN INVESTIGATION OF THE
EFFECT OF HORMONAL CONTRACEPTIVES ON
FOLATE  STATUS

196.

g o g

e g St e g S S A

i e




PR 8

it

:
I
!
|
d
)

197.

Introduction

The evidence presented in previous chapters suggests
that the fortification of maize with folic acid would“
be an effecti- e method of preventing the development of
megaloblagtic anaemia in pregnant and lactating women,
infants, and children with kwashiorkor in maize-eating
populations. The justifaication for such « step in terms
of the FAO/WIO recommendations is that the disease is
prevalent in the abovementioned sections of the population.
The Joint FAQ/WIO Committee recommends, however, that it
should also be determined whether other segments of the
population have low intakes of the nutrient in order’ to
define the extent of the target group, and that dietary
information "should be reinforced whenever possible by
biochemical and other studies! (FAO/WHO, 1971).

Many surveys of nutritional status in the South
African Negﬁo population have been conducted since the
National Nutrition Research Institute, in considering
the dindications for food enrichment in this country,
concluded that "much more work will have to be carried
out if a comprechensive picture of the nutritional status
of the South African population is to be obltained!
(C.S+LR., 1950). For example, a report of the levels
of five wvitaming in 1 903 Prectoria schoolchildren

reffers to nine similar reports concerning children
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published during the preceding decade (Louw et al.,
1969). Despite this great interest and the known
prevalence of folate-deficient megaloblastic anaemia

in the population, there have been no reported surveys

of the incidence of folate deficiency among South African

4

t was decided to conduet such

~

.
SO A

Negroes. For shisg rea

a survey in the dnhabitants of the site of the present
study.

It has been mentioned previously that most authorities
regard the red cell folate concentration to be the best
practical measure of tigsue folabe stores. In accordance
with this beliéﬁ, the asgessment of the incidence of
folate deficien:y was based on the number of subjects
with red cell folate concentrations in the deficient
range, and the use of the term "folate deliciency" iu
the present report refers to the results of assessment
on this basis. ‘

The survey was planuned in order to assess several
factors which were Lhought to be relevant to the present

study, Firsgtly, serum vitamin B concenbrations were

12.
measured in order Lo assesgs the magnitude of the problem
of dncreasing the folic acid intake of people with
deficiency of this vitamin. The consunption of maize
meal was assessed go that the range of intake of the
vehicle food could be determined. The incidence of
anaemia was investigatoed and an attempt was made to

assess the sociloaconomic sbatus of the subjects.
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This chapler repogts a sgrvey of 469 healthy adult
inhabitants of the Nqutu area, corresponding to one in
170 of the total population enumerated in the 1970 census
and a much greater proportion of the adult population
(South Africa. Departm nt of Statistics, 1970). Children
were not studied because of difficulty in obtaining
consent for venipuncture and in differentiating between
healthy and malnourished subjects. |

In addition, it was decided to assess folate status
in women receiving hormonal contraceptive agents, in
view of reports that oral contraceptive pills may cause
folate deficiency. These agents have recently been made
available free of charge by the State Department of
Health, and it is anticip;ted that.their use will
increase markedly. Because the agents are not used at
present by’qutu women, it was not possible to pursue
this investigation in that area. QOther rural areas were
unsuitable as sites for this study for the same reasons,
and it was therefore decided to investigate folate status
anong Negro women attending a family planuing clinie in

Johannesburg.

Material and methods

(a) subjects studied

Details of the subjects studied are listed in

the Appendix.

2 N oy S

T g VA

3 e v




P
4

200.

Subjects studied at Nqutu were divided into three
groups. The first (group VI) comprised 144 women in
the third trimester of pregn.ucy, who 1w:re studied at
the time of admission to the trials described in Chapter
five. This was a highly selected group, in that all
subjects with a haemoglobin concentration below 11 g
per 100 ml were excluded from the trials, as were
subjects with complications of pregnancy or medical
illnesses., The first 122 subjects listed in the Appendix
were those comprising groups I to V in that dhapter
respectively, and the remaining 22 subjects were women
selected for the trials who either delivered within
the first two weeks of the trial or were discharged
before delivery.

The remaining subjects from Nqutu were non-pregnant
women (group VIL) and men (group VITL) aged at least
gixteen years selected in the town and at th sites of
outlying clinics, where it is usual for the local
population to gather at the nearby general stores.
Subjects were excluded from the study if they were
seeking or receiving orthodex or traditional medical
attention, if there was obvious evidence of any clinical

illness or deformity, if their meals were provided by an

institution, or if they had ever suffered from tuberculosis.

Women were excluded if they had been pregnant or lactating
within the previous six months. One hundred and forty men

and 185 non-pregnant women were studied.

H
3

i e

i i et R




201.

The subjects in whom the effects of hormonal
contraceptives were investigated were healthy women
attending the Johannesburg clinic of the Transvaal
Familf Planning Association (group IX). Many of these
women were domestic servants receiving their food in
White homes. Subjects were excluded from the study if
they were receiving medical attention other than the
provigion of contraceptive agents, if there was any
clinical evidence of illness or deformity, if they had
had tuberculosis, or if they had been pregnant or
lactated within the previous twelve months. Three sub-
groups were studied. The first (group IXa) comprised
74 women who were either attending the clinic for the
fifst time to apply for contrﬁoeptive aids or else were
using vaginal or intra-uterine contraceptive devices,
and who had not previously used hormonal ccntracéptive
agents. The second subgroup {group IXb) comprised 75
subjects who for a period of at least one y=zar had
received oral contraceptive pills, each containing
1 - 4 mg norebhisterone acetate and 50 - lOO/ug of
either ethinyl ocestradiol or mestranol. The third
subgroup (group IXc) comprised 32 subjects who for at
least one year had received 150 mg 17-hydroxy-6-methyl
progesterone acetete [(Depo-Provera, Upjohn) by
intramuscular injection every three months. 7lhe

latter subgroup was studied in an attempt to determine
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whether any effect of the oral contraceptive pills was

due to their progesterone component,

(b) Laboratory tests

Blood was obtained by venipuncture, and haemogram

and vitamin B coricentration were assessed in all sample

12
by the methods desgcribed in Chapter 3.

As the incidence of folate deficiency rather than
the mean level was the primary concern of this study,
whole blood haemolysates from subjects in groups VII and
VIIT were initially assayed for folate, using L. casei
as the test organism. The red cell folate levels were

calculated using the formula:

Red cell folate
concentration
(ng per ml)

whole blood folate concentration
haematocrit

i

If this calculation yielded a result lower than 200 ng
per ml, the whole blood haemolysate and the serum sample
were subjected to the L. casei folate assay within the
same batch, and the red cell folate concentration was
calculated using both results as described in Chapter 3.
In this way, a check was performed on all red cell folate
results close to or within the deficient range of 160 ng
per ml or less, and serum folate assays were not done
when the red cell folate level was well above the
deficicnt range. In the case of the pregnant subjects
(group VI) and the uwrban women {(group IX), scerum folate

concentrations were measured in order to assess the
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effect of fortified maize meal or contraceptives on these
levels.,

The ranges of red cell folate, serum folate,‘and
vitamin B12 concentrations which were regarded as norqal,
low and deficient for the purpose of this study are
shown in Table 8.1. These are the ranges which have been
established for the laboratory in which these assays
were done, with the exception that the "low" range for
red cell folate is usually regarded as normal, but was

included here in order to show the number of subjects

with concentrabions approaching the deficient range.

TABLE 8.1

Normal, low and deficient ranges for red cell folate,

gserum folabe, and serum vitamin

B12 concentrations.
Deficient Low Normal
Red cell folate (ng/ml) <160 161200 | >>»200
Serun foléte (ng/ml) <3.0 3.1-5.0 [>5.0
Vitamin Byy (pg/ml) < 250 251-400 { > 400
Sera which had a vitamin 812 concentration less

than the lower limit of the normal range were tested for
the presence of type I (blocking) antibodies to intringic
factor, which ave present in the sera of about 60 per

cent of adult patients with pernicious anaemia (Ardeman
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and Chanarin, 1963). This was done using the method of
Shum et al. (1971), which tests the ability of the serum

to decrease the vitamin B z—binding capacity of normal

1

human gastric juice.

(c) Assessment of maize consumption and
gocioecononic status

Maizec meal consumption and sociloeconomic status
wore assessed in the 409 subjects at Nqutu.

In the assessment of family size,‘all people dependent
on the same source of income and food as the subject
studied were regarded as being part of the extended family
unit. The vérying needs of different family members were
roughly accounted for by taking all children above the
age of sixteen to be adults. Those between two and
sixtecn years were assumed to have half the needs of
adults and those below twn years of age were disregarded.
The size of each family was then expressed as the number
of adults in the extended unit.

Fawmily income was calculated by adding together all
moneys received byvthe various members of the family
unit., Estimates of maize meal intake were baged on the
amount bought monthly by the family, which has been
shown to be the most reliable method of making this
agsessment in South African Negroes (du Plessis et al.,
1971). This method has the additional advantage of
taking into account only that maize meal which was

obtained from central sources and which would thus be
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available for fortification.

Further information shown in the results was obtained
by direct questioning. Although many of the subjects
did not know their age; all were able to relate their
birthdate to wars or other gignificant events, and the
age was calculated by relating the date of birth to the

date of the event stated.

“Results

The resulbts in individual subjects in the four groups

are listed in the Appendix.

(a) Pregnant women (group VI)

The mean age of the subje¢ts seen in late
pregnancy was 23.5 years (range 16 - 45), and they had
had an average of 1.4 previous viable pregnancies (range
0 - 13). The distribution of haemwglobin, red cell
folate, serum folate, and serum vitamin Big concentrations
and of mean red cell volume in the group are shown as
histograms in Figure 8.1,

Red cell folate levels were in the deficient range
in 63 of the 144 subjects (43.8 per cent), and in the
low range in a further 22 subjects (15.3 per cent). The
mean red cell folate concentration was 196.6 ng per ml
with a standard deviation of 84.8 ng per ml,

Serum folate levels were in the deficient range in

40 subjects (27.2 per cent) and in the low range in a
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further 60 (41.7 per cent). The mean serum folate
concentration was 4.43 ng per ml (standard deviation
2.12 ng per ml).

Serum vitamin Bj levels were measured in 106

. 2
subjects, as ascorbate had been added to the remaining
sera for the reasons meniioned in Chapter five. None

of the subjects had seru:: vitamin B levels in the

12
deficient range, and in one serum (0.9 per cent) the
concentration was 394 pg per ml, which is slightly
below the lower limit of the normal range. Type I
antibodies to intrinsic factor were not present in this
subject''s serum when tested, The mean serum vitamin
By, level was 710.2 pg per ml (shandard deviation 223.3
pg per ml).

Despite the factb that all subjects in this group had
haemoglobin levels of greater than 11 g per 100 ml as
measured on a visual haemoglobinomeﬁér, the Coulter
Counter reccorded lower levels in eight subjects (5.6
per cent). The mean haemoglobin concentration was
12.50 g per 100 ml with a standard deviation of {.02 g
per 100 ml.

The mean cell volume was less than 82 cubie microns
in two subjects (1.4 per cent) and greater than 100
cubic microns in fourteen subjects (9.7 per cent).

There was no general correlation between either
haemoglobin or mean cell volume, on the one hand, and

red cell folate, serum folate, or serum vitamin By,
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concentration on the other, However, ten of the fourteen
subjects with a high mean cell volume had red cell folate
levels in the deficient range (71 per cent) compared with
43.8 per cent of the whole group. The chi- :quare test
showed that this difference was statistically significant
(p<0.05).

There was a mery strong correlation between red cell
folate and serum folate (r = 0,5894, p4<0.0005) but none
of the other laboratory tests showed correlation with
one another,

Haemoglobin levels and parity had a significant
negative correlation (r= -~0.2246, p<<0.01), and there was
a posivive correlatbion between mean cell volume and
parity (r = 0,2245, p<0.01). None of the other
laboratory tests were significantly related to parity

and none of the tests were related to age.

(b) Non-pregnant women at Ngutu {(group VII)

The age of the women studied in this group
ranged from sixteen to 79 years (mean 44.1 years), and
their average parity was 4.5 pregnancies. The distributions

of haemoglobin, red cell folate and gerum vitamin B con~

12
centrations and of mean cell volume in the group are shown
in Figure 8.3,

Red cell folate concentrations were in the deficient

range in 61 of the 185 subjects (33.0 per cent) and in the

low vange in a further 31 subjects (16,8 per cent). phe
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concentration on the other. However, ten of the fourteen

; subjects with a high mean cell volume had red cell folate

i levels in the deficient range (71 per cent) compared with :
; : 43.8 per cent of the whole group. The chi-square test

/ showed that this difference was statistically significant g
,. (p <0.05). i
37 There was a very strong correlation between red cell i
. 3
folate and serum folate (r = 0.5894, p <0.0005) but none %
fi
: of the other laboratory tests showed correlation with g
| one another. g
; Haemoglobin levels and parity had a significant i
?l negative correlation (r= -0.2240, p=<0.01), and there was §
;i a positive corrclation be@ween mean cell volume and g
5 parity (r = 0.2245, p<0.01). ©None of the other §
{ H
: Llaboratory tests were significanlly related to parity %
f and none of the tests were related to age. ;
%i (b) Non-pregnant women at Ngutu (group VII) i
f The age of the women studied in +his group i
{ ranged Trom sixteen to 79 years (mean 44.1 years), and ;
E their avervage pavity was 4.5 pregnancies. The digtributions §
of haemoglobin, red cell folate and gserum vitamin Biz con- %
I

centrations and of mean cell volume in the group are shown
in Figure 8,2, .

, : Red cell folate concentrations were in the deficient

range in 61 of the 185 subjects (33.0 per cent) and in the

low range in a fusther 31 subjects (16.8 per cent). 7The
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mean red cell folate concentration was 234.0 ng per ml
(standard deviation 123.8 ng per ml). Of the 61 subjects

with a red cell folate level in the deficient range,

three were nulliparous women less than 21 years old, 37

were parous women below the age of 45 years, and 21 were
older women. Thirty-one of the 37 parous women under

45 had been pregnant or lactating within the previous
three years, this period in the remaining six women
being fou?, six, aine, 13, 14, and 15 years respectively.
0f all women who had been pregnant or lactating within
the three years prior to being studied, 47.7 per cent
had red cell folate deficiency.

Table 8.2 shows the incidence of red cell folate
deficiency in relation to the number of years since
each subject was pregnant or lactating.

The subjects were divided into seven age groups
ranging from eleven to eightby years,-each age group
encompassing ten years, and the incidence of red cell
folate deficiency in each group was calculated. Table
8.3 shows that the incidence up to the age of forty
was over 40 per cent, For the next twenby years the
incidence fell sgharply, but more than a third of women
over the age of 60 years had red cell folate deficiency.

There were no vitamin B12 concentrations in the
deficient range; and one subject (0.5 per cent) had a
level of 363 pg per ml, which is in the low range.

Blocking antibodies to intrinsic factor were not detected
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TABLE 8.2

The incidence of folate deficiency in non-pregnant women
* of child-~bearing age (16-45 years) related to pregnancy
and lactation. Nqutu study.

: Years since N f; £ Number Incidence

: Class pregnancy uﬁ;9fii; defim'ent' of

! or lactation| SHPJIGCLS ' e deficiency
Nulliparous - 16 3 18.89%

; -

: Parous 5 -1 43 21 48.8%

1~ 2 16 9 56.3%
. 2~ 3 ) . 1 16.7%
: > 3 20 6 30.0%

: ' * : :
’ : Based on red cell folate concentration.

TABLE 8.3

The incidence of folate deficiency in non-pregnant

women of different ages. Nqutu study.

? Age (years) Itﬁg?g;ﬁf Numbenr deficient* IEZ%:SEZEC;E

i

- \ 16-20 24 10 41.7%

i 21-30 40 18 45.0%

” 31-40 19 9 47 . 4%
41-50 26 3 11.5%
51-60 32 5 15.6%

g 61~70 26 9 34.6%

§ 71-80 18 7 38.9%

3 . .
Based on red cell folate concentration.
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in this subject's serum. The mean serum vitamin Blz
concentration was 972.1 pg per ml, with a standard
deviation of 308.0 pg per ml,

Haemoglobin levels were below 12 g per 100 ml in
5.4 per cent of the sample (ten subjects) and 12 - 13 g
per 100 ml in a further 23.2 per cent (43 subjects).

The mean haemoglobin concentration was 13.75 g per 100
ml with a standard deviation of 1.04 g per 100 ml.

Mean cell volumes of 81 cubic microns were recorded
in two subjects (1.1 per cent) with values gfeater than
this being recerded in ald the other subjects. Six
levels greater than 100 cubic microns were recorded.

The -average mean cell‘volume and standard deviation were
91.7 + 4.7 cubic microns. ,

Red cell folate deficiency was associated with a
haemoglobin level below 12 g per 100 ml in four subjects
and of 12 - 13 g per 100 ml in eleven subjects, and was
associated with a raised mean cell volume in four
subjects., The frequency of red cell folate deficiency
in association with these characteristics was no higher
than in the group as a whole {(by chi-square for all,
p>0.1).

There was no direct correlation between either
haemoglobin or mean cell volume on the one hand, and

red cell folate or vitamin B12 on the other.
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(¢) Males (group VILI)

The results of the haemoglobin concentrations,
mean cell volume, red cell folabe and vitamin B1z
concentrations in the males is shown in Figure 8.3.

The age of the subjects ranged from sixteen to 8% years
(mean 46.2 years).

Red cell folate levels in the delicient range were
recorded in 26 subjects (18.06 per cent), and were in
the low range in a further 27 subjects (19.3 per cent).
The mean red cell folate concentration was 268.1 ng per
ml (standard, deviation 132.3 ng per ml).

The subjects were divided into seven age groups
ranging from eleven to eighty years, each group
encompassing ten years. The single subject more than
eighty years of age had a normal red cell folate
concentration.

The incidence of deficiency in ﬁhe different groups
ig shown in Table 8.4. The incidence of deficiency wag
similar in all groups up to 060 years of age (13.3 per
cent), but increased after the age of sixty (31.0 per
cent).

12
in either the deficient or the low ranges. The mean

There were no gubjects with serum vitamin B, . levels
geium vitamin B]Z concentration was 1077.0 pg per ml,
with a standard deviation of 335.7 pg per ml.

Haemoglobin concentration was 12 g per 100 ml or
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TABLE 8.4

Incidence of folabe deficiency in males

according to age. Ngutu study.
Number of Number | Incidence of
Age (years) 3t

s R A o P T

subjects

deficient

Adcficiency

16
21
31
41

51

71

20

30

60

70

80

16

30

14

19

19

18

23

fos ]

18.8%
13.3%

14.3%
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less in four subjects (2.9 per cent), 12 - 13 g per

‘ 100 ml in five subjects (3.6 per cent) and 13 - 14 g

per 100 ml in a further sixteen subjects (11.4 pef cent).

> "

The mean haemoglobin concentration was 15.0 g per
3 100 ml. !
! Mean cell volume was below the lower limit of normal
(82 cubic microns) in two subjects (1.4 per cent) and
above the upper Llimit (100 cubic microns) in seven (5.0

: per cent), none of whom had red cell folate levels in

the deficient 1ange.

There was no correlation between any of the above-

i e

mentioned observations in this group.

: (d) Urban females (group IX)

The 181 women studied at a Johannesburg family

lanning clinic are considered as one group inditiall
) L 2

. and differences between the subgroups are compared in ;
the next section. The subjects ranged from twenty to
45 +.ars of age (mean 29.6 years), and on average had

not lactated or been pregnant for 3.0 years. The

distribution of results of the laboratory tests performed

. is shown in Figure 8.4.

Red cell folate levels were in the deficient range

= v St Sz

in 37 subjects (20.4 per cent) and in the low range in
1 a further 33 subjects (18.2 per cent). The mean red
cell Ffolate concentration was 237.4 ng per ml and the

standard deviation was 97.7 ng per ml., The incidence
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8.4

Results of laboratory tests in 181 non-
pregnant Negro women, aged 20-45 years, .
attending a Johannesburg family planning
clinie.  The shaded areas represent the
respective normal ranges.
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of folate deficiency, according to the number of subjects
with red cell folate levels in the deficient range, is
related to thé time since the last pregnancy or period

of lactation in Table 8.5.

TABLE 8.5

The incidence of folate deficiency in women of child-
bearing age (20-45 years) related to pregnancy

and lacbakion. Urban study.

or lactabing subjects deficient deficiency
5 -1 49" 17 3474
1 -2 . 32 7 21.99%
2 -3 23 4 17.4%
> 3 74 . 8 10.8%

Serum folate levels were in the deficient range
in 20 subjects (14.4 per cent) and in the low range
in a furthér 47 subjects (26.0 per cent). The mean
serum folate level, with standard deviation, was 5.56
+ 3.14 ng per ml,
The only subject with a low vitamin B12 level had
a serum concentration of 364 pg per ml. Type I (blocking)
antibodies to intrinsic factor were absent from this
gubject's serum. The mean vitamin 312 concentration was

1132 .4 pg per ml (standard deviation 418.1 pg per ml).
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Haemoglobin levels were less than 12 g per 100 ml
in 13 wsubjects and 12 -~ 13 g per 100 ml in a further
27 subjects. The mean haemoglobin level, with standard
deviation, was 13.74 4+ 1.27 g per 100 ml.

Mean cell volume was greater than 100 cubic microns
in three subjects, none of whom had low red cell folate
levels, and iless than 82 cubic microns in 22 subjects
(12.2 per cent).

Apart from a strong correlation between red cell
folate and serum folate levels (r = 0.4850, p <C0.001),
there was no, correlation between any two laboratory

tests.

(e) Comparisons bebween and within groups

(i) Effect of hormonal conbraceptives

The mean red cell folate levels were

243.1 ng per ml in group IXa (control urban subjects),
235.2 ng per ml in women receiving oral contracebbive
pills (group IXb), and 229.0 ng per ml in women receivang
quarterly injections of a progesterone compound {group
IXe). The differences between these means were not
statistically significant (p>0.5).

The mean serum folate level in group IXa (4.63 ng
per ml) was lower than that in group Llaw (5,50 ng pe-
ml) and group IXe (4.85 ng per ml), and these differences
were stabistically significant (for both, p<f0.01).

The nunber of subjeels in each subgroup who had

subnormal. serum folate concentrations is shown in
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Table 8.6.
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The significance of the differences bebtween

the subgroups was analysed using the chi-square test.

The nuuber
gimilar in
cabegories

the number

of low red cell folate levels was statistically
each group when comparing either the three
listed in Table 8.6 (p>0.4) or when comparing

of levels greater than 160 ng per ml with the

number below Lhig concentration. Serum folate levels

below 5 ng per ml were not significantly more common in

group IXa (p> 0.5), but when all three categories (i.e.

Ndeficient",

"low" and "normal') were considered, the

differences were significant (p <0.01).

Thug the number

of serum folate concentrationas in the deficient range

was greater in control subjects.

TABLE

8.6

Number of subjects with subnormal red cell folate

and serum folate

levels.,

traceptive agents in urban women.

The effect of cou-

Nunmbher of gubjects

o0 Pyl 49 et s py T | e - .

2 Conbracepbivel poq cell Polate Serum folate

£ (ng per ml) (ng per ml)

O 0~100]161-200|>200{0~3.0]3.1=5.0[>5.0
. | Nobt .
IXal o rmonal 19 12 43 18 22 34
w .| TCoOmbination! , . , )
IXo pills 13 17 45 7 20 48
v | PrOgesterone o .
IXe injections v 4 23 1 15 16
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The mean gerum vitamin Biz concentrations in groups
T¥a, 1Xb and IXc were 1182.8, 1117.8, and 1051.4 pg per
ml respectively. None of these differences were significant
(for éll, p>0.1),

xb wag concluded that this survey provided no evidence
that ﬂormonal contracepbive agents decrcased folate or

vitamin By, levels in urban Negro women.

(ii) Comparison bebween the different
gegnents of the Ngubu population

Mean concenbrations of haemoglobin, red

cell folate, and serum vitamin B were all gignificantly
4 *

12
lower in the non-anaemic¢ prejimant women at Ngutu than in
the nen~-pregnant womeﬁ from {that area (for all measures,
p<<0.0i), and in turn were all lower in the non-preghant
women‘khan in the men (for all, p<0.02).

Fblate deficiency was much nmore common in the non-
pregnaht women at Nqubu,%haﬁlthe men (by chi-square,
p<:0.001)ﬂ The rural women of child-boaring age had a
significanﬁly higher incidence of folate deficiency than

the urban sample (p<f0.001).'

(£) Sociocconomic gbatits of Ngubu subiects

The average gize o the fomily units to which
the 469 subjects belonged was 6.27 adults, with two
childrén aged 2 - 16 years being regarded as one adult.
The avérage cash income per family was Rl4.406¢ monthly.

Because the use of the above means would bias

results in favour of large familics, the monlhly income
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per adult in each family was calculated by dividing
each family income by the number of adults in the
corregponding family. ‘The mean monthly income per
adult in each family was R3.15¢. The digtribution of

this income is shown in Table 8.7.

TABLE 8.7

Monhhly income of the families of 469

inhabitants of Nqutu.

Monthly income per adult% Nugger Percentage
(Rands) subjects

0 ~‘2.50 227 48.4
2.51 - 5.00 210 44.8
5.01 - 7.50 19 4.1
7.51 ~10.00 9 1.9
10.01%%-12.50 1 0.2
More than 20.00 3 0.6

Children 2 -~ 16 years regarded as one half adults

L3,

&
Tty

Based on State Mealth food charts and prices in
Ngubu, R10.00 is required Lo buy one month's
food for each adult. This excludes home produce.

pae family units of the men had a higher mean
monthly adult income (R3.59) than those of the pregnant
women (R3.32), and those of the non-pregnant women had

the lowest income (R2.69 per adult).

In order to determine the number of subjects whose
families were subject to different degrees of economic

deprivation, the income required for food alone was
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calculated from the figures of Clarke (personal
communication) which have been mentioned earlier.

Clarke used food tables prepared by the South African
Department of Health as . a basis for her calculation that
about R54 was regquired to buy one month's supply of food
in Ngutu for a family of seven. Assuming that at least

four members of this average family were under 16 years

of age, it can be calculated that the income per adult

required for food is R10 monthly. Based on this figure,
Table 8.7 shows that less than one per cent of the
gsample had an income sufficient for food requirements,
whereas over 90 per cent received less than half this
amount. These figures do not take into account any food
produced by the family.

There was no direct correlation between cash income
and either red cell folate or serum vitamin B12 concen~

tration in any of the three groups (for all, p>0.5).

{g) Maize meal intake

The maize meal bought by each family was
divided by the number of adults in the family in order
to dssess consumption. The average adult maize
congumption was 12.12 kg monthly, corresponding to a
daily intake of 399 g.  The distribution of consumption
is shown in Table 8.8.

From this table it can be calculated that if the
level of fortification was baged on an average monthly

consumption of 12 kg maize meal per adult, 84.3 per cent
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of the families would receive 50 ~ 150 per cent of the

intended dose. Tive per cent would receive less than

224.

half the intended dose and five per cent more than twice

the dose.

TABLE 8.8

Amount of maize meal bought by the families of

469 Ngutu inhabitants.

s ol /oty | Numbor of subjects | Foreontuge
0 - 6 23 4.9
6 - 12 ‘ 232 49.5
12 - 18 163 34.8
18 - 24 ‘ 27 5.7
24 - 30 17 3.6
More than 30 7 1.5

The upper limit of consumptioco was 50 kg maize
meal per adult monthly. However, all seven faﬁilies
which bought mere than 30 kg per adult mon%hly were
large tribal units which used large quantities of the
meal in the brewing of traditional alcoholic beverages.
The stability of folic acid in thege beverages was not

Y

tested in the present study.

Discusgion

This survey shows that folate deficilency ige prevalent

among South African Negroes, confirming ecavlier
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suggestions that this might be the case (Metz et al.,
1961). Based on the assumption that Nqubtu is represent-
ative of South African rural areas and that folate
deficiency is at least as common in children as in
adults, approximately twe million of the Negroes
enumerated in the South African Bantu homelands in 1970
would benefit if their food was fortified with folic
acid., Thig figure does not take account of the majoriby
of this country's Negro populatbion, who live in "white!
rural areas and bowns (South Africa. Department of
Statistics, 1970).

Among women of childbearing age, folate deficiency
was more common in subjects who had been pregnant on
lactating within the two previous years. It has previous-
ly been sadd that the improvement in folate nutrition
afber pregnancy "is short-lived in populations whose
dietary folate intake is suboptimal, as folate nubrition
again tends to deteriorate as lactation‘progresses”
(Metz, 1970). The findings of the present study suggest
that it may take two or Lthree years before folate stores
in this population return to normal after cessation of
Jactation, Thus many women must be entering pregnancy
with depleted folabe stores, a situation which could be
averted by food fortification.

Folate defdciene: was less common in urban subjects
than in rurall women of comparable age., This is probably

Larvgely due to the fact that many of the urban women were
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receiving food from their white employers. Although red
cell folate levels did not correiate with income within
the rural groups, the fact that folate deficiency was
more common in rural than urban subjects can be attributed
to their differcent socioeconomic conditions.

More than one-third of the subjects over the age
of 60 in both the male and female groups were folate
deficient, demonstrating that aged subjeéts should be
regarded as a target group in a food fortification
proguramme .

There are conflicting reports regarding the effect
of oral contraceptives on folabe metabolism., Megaloblastic
anaemia due to folate deficiency has been reported in
women taking these agents (Paton, i969; Streiff, 1969,
1970). Mean red cell and serum folate levels were
reported to be decreased in women using oral contraceptives
(shojania et al., 1968, 19069; Gaafar et al., 1973), but
these Lindings have not bLeen confirmed by other workers
(Spray, 1968; MoLean ¢t _al., 1969; Pritchard et_al.,
1971; Stephens et _al., 1972). The findings in the present
study of urban females are in accordance with the latter
reports, This does not exclude the possibility that a
gignificant effect of oral contraceptives might be
demonstrated in rural Negro women, whose folate nutribtional
sbatuyg dis less satisgfactory than their urban counterparts,

but such a study is not feasible in present circumstances.
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The small group of subjects receiving a parenterally-
adminigtered progesterone compound also had red cell
folate levels no different from controls.

The mean conswmption of maize meal by our subjects
(399 g per adult per day) wag slightly lower than the
474 g per adult per day bought by the subjects studied
by du Plessis et al. (1971). It should be pointed out,
moreovery, that du Plegsis and his coworkers regarded
children over the age of ten as adults, whereas thoss
over sixteen years of age were placed in the adult
category in the present study.

In Chapters fouwr and five, it was found that the
folic acid in fortificd maize meal was approximately

‘
56 per cenlt as availsble as that in tablets and aqueous
solution. In order to provide an effective dose of
ZOO/ug folic acid in 400 g maize meal, it waﬂld be
necessary to add 350/ug foliec acid per 400 g maize at
the time of mixing the fortified meal. AL this lavel
of fortification, the adults in 90 per cent of the
families studiced would have received an effective dose
of 100 =~ 400/ug folic acid dailw. 3.0 per cent would
have received 400 - SODfug daily, and five per cent
would have recedived less thaw 100/ug daily. The
familics of 1.5 per cent of the sample bought madze in
quantitics such that an effective dose of up to SOO/ug
folic acid woulq lave been present in the daily adult

allotment it this was all used to make porvidge.
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However, these families used some of the maize in ways

which might have resultced in destruction of the added

3 nutrient,
i £
i Three of the 612 subjects in whom serum vitamin B12 §
i H
; concentrations were measured had equivocal levels of §
360 ~ 400 pg per ml, the remadining levels falling within g
i or above the normal range. None of these subjects had %
; type I (blocking) antibodics to intringic factor in %
§ their sera. 1t seems probable that these levels reflect g
i the presence of mild nutritional vitamin B1z deficiency :
: rather than cavly pernicious anaemia. This low incidence i
b
of vitumin B, deficiency is in accordance with the :
? report of Brandt et al. (1963), who measured serum g
f vitamin B12 concentrations in 102 Negro mine workers, %
; using a Lactobacillus ledclmannii microbiological assay. §
! They found only one subject with a level below 200 pg f
{ per ml, the lower limit of the normal range. i
ﬁ . The potential hazards of giving folic acid to ;
% | subjects with vibamin Bmz deficiency have been discussed ;
; in Chapter two. It was considered unlikely that ;
f ' deleterious e¢ffects would result from the administration %
\ of foliec acid in effective doses of less than 0.4 mg §
i daily. The administration of 0.4 ~ 15 mg folic acid
: daily would result in haematological response in some ;
T paticents with undiagnosed pernicious anaemia, but ac-

cording to available evidence would not have further

i adverse effects. The survey reported above illustrates




1
|
k
i

that the dangers are infinitesimal, as no subjects with

unequivocal vitamin B, deficiency were observed, and

2
only very few subjects would have received an effective
dose of folic acid greater than 400/ug daily if their
maize meal had becn fortified with the intention of
providing an average effeclive daily dose of‘zoo/ug

folic acdid.
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Introduction

The invesgtigations reported in Chapter 4 were concerned
with technological factors which would be important
arter the vehicle food had been fortified. The folic
acia in fortified maize meal was found to he stable
during conventional storage and cooking procedures with-
out convewing unwanted characteristics to the food, and
its absorption from the fortified food was assessed.
Subsequent chapters report confirmation of these findings
and demonstrate that the added nutrient is bicologiczlly
available.

It is also necessary to congider two further
teclmological factors. These are the stage in the
processing of the vehicle food at whiech the nutrient can
be added and the cosgt of doing this. In this chapter,
these factors will be discussed, as well as other

economic considerations,

The feasibility of fortifying maize meal
in South Alrica

The production, processing and marketing of maize in
South Africa is controlled by law through the Maize Board,
which functions in terms of the Maize and Grain Scheme
(Proclamation R.113 of 1961), as amended. The annual
report of this Board (Maize Board, 1973), submitted to

the Minister of Agriculture in November 1973 rovides
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the useful information menticned hereunder, which is
relevant to the practical possibility of fortifying the
maize meal consumed by South African Negroes.

"In terms of the Maize and Grain Sorghum Scheme,
only persons registered as such with the Board for such
purpose may grind, ¢wvush, grist or otherwise process
Maize sveevsessse There are two classes of millers,
namely grisgting millers who only mill maize tendered by
customers, and commercial millers who buy and process
maize and sell the manufactured products,n During the
1972-1973 season, commercial millers accounted for more
than 98 per cent of all maize milled in South Africa.

It is apparent that 4if the meal produced by commercial
millers can be fortiflied; virtually all consumers of
this food will be reached. There were 310 commercial
millers registered with the Maize Board at the end of
the 1973 financial year,

The Joint FAO/WHO Expert Committee has recommended
that, where possible, a single centre for the fortification
process should be designated within a region or country,
in order to facilitate control of the programme and
windmige costy., If no suitable centre is available,
vhe nutrient may be added in a local mill, making use of
pre-mixes that can be handled with moderate cost and
dispensed with sufficient accuracy (FAQ/WHO, 1971). In
view of the congiderable number of commercial millers in

this country, the latter method ig more feasible.




The fortified maize meal used in the present study
was prepared by adding folic acid directly to the maize
meal and mixing for twelve hours in a pharmaceutical
bleﬁder to achieve homogeneous digtribution of the nutrient
in the food. lowever, a less intensive mixing ﬁrocedure
using a pre-miz produced satisfactory results i a field
trial of maize meal fortified with rihoflavin and
nicotinamide (du Plessis et al., 1971). In this latter
trial, the dose of nutrient to be added to each 130 1b.
(81.54 kg) bag »f maize meal was contained in two oz
(56.7 g) of pre-mix, The execipient nsed for the pre-mix
was maize heal,‘which was found to be more economical
than starch and to possess superior free-flowing proper-
ties. Usiﬁg a Miag Micro-feeder, two oz of pre-mix was
delivered in 7.5 minutes with an error of approximately
five per cent. Mixing was effected by means of a ten-
foot-long screw conveyer which reversed the direction
of mixing at its midw-point. Assay of [ifteen samples
of fortified maijze showed that the level of fortification
of the meal was reasonably homcgenous,

Du Plessis and his coworkers (1971) concluded that
it was technologzically feasible to fortify all commercially
milled maize meal in South Africa using the mothods
described above, and their recommendation that this be
don> has been accepted dn principle by the Department of

Health (Raymoncd, 1072).
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IITI The cost of fortifying maize meal with folic acid

| The cost of a food fortification programme is dependent

: on two factors, namely the price of tlie nutrient itself

z | and the expenses ihcurred in carrying out the fortification

! ' programme.

Folic acid B,P. was obtainable at the time of writing
i this report at a price of approximately R46.00 per kg in

five kg luvs,

i The trials reported in Chapter five suggested that %

i folate deficiency in pregnancy could be averted by a

t daily dintake of 300/ug added folic acid in maize meal, ’
corregponding to an effective dose of 168/ug folic acid. g

The survey reported in Chapter eight showed that it would

be necessary to add SSO/ug folic acid to the average

amount of maize meal consumed by adults in order to ensure

that 90 per cent would receive an effective daily dose

i? ‘ of 100 - 400/ug folic acid. The annual cost of a 350/ug
daily supplement of folic acid would be slightly less

y than 0.6 cents. If this vitamin were included in the

food fortification programme aboult to be implemented

| this country by adding it to the pre-mix, the cost of

|
i
¥
]
;
H
!

labour, mixing and storage would add 30 - 50 per cent to
the price of the vitamin (du Plessis et _al., 1971). No
further expense would be entailed. The cost of“fortifying §
maize meal in South Africa with folic acid would thus be

y less than 0.9 cents per adult per year. Based on an !
|
|

average daily consumption of 400 g maize meal per adult,
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fortification with folic acid would add 0.50c¢ to thé cost
A “ of a 180 1b (81.54 kg) bag of maize meal.

v ! In countries where fortification of food with other

; ‘ nutrients is not contemplated, the cogts would be greater.
i

. An idea of the cost can be obtained from the report of

| du Plessis et al. (1971), who quoted figures calculated %

by Roche Products and the Maize Board. As this will give
only an approximate idea of the expense entailed in
countries whose wage-price structures differ from that in
South Africa, no attempt has been made to adjust these

estimates in order to account for inflation sirice May 1971.

Based on the presently ruling price of folic acid, each

P

kg of pre-mix would contain the following:

ii | Folic acid 1.26 g at R46 per kg = 5.8 cents : f
| Maize meal 998.74 g at R4 per ! !

{1 81.54 kg = 4.9 cents i
é} 10.7 cents ; i
§ e | x
i . k i
‘ If 30 - 50 per cent of the basic price is added to d :

i account for storage, labour and mixing costs, one kg of

pre~mix would cost 13.9 - 16.1 cents and would be adequate
b to fortify 1438 kg miize meal. The purchase, installation,

maintenance and running costs of a Miag Micro-feeder, a

i
i
g
§

10 foot mixing screw and a one-quarter horsepower motor
: would add an estimated 0.2 - 0.3 cents to the cost of an

81.54 kg bag of maize meal, depending on the productivity

% of the mill. The cost of the pre-mix added to sach bag

would be 0.75 ~ 0.92 cents. The fortification of maize
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meal with folic acid alone would thus add 0.95 - 1.22
cents to the price of an 81.54 kg bag, based on the cost
of labgour, machinery, and maize meal in 1971. If the
perlcapita congumption of maize in this hypothetical
country was similar to that among South Afri&an‘Negroes,
the cost of the programme would be 1.7 - 2.2 cents‘per

.

adult per annum.

Broad economic implications of the proposed
fortification programme

The costs outlined~abqve gannot be considered in
iéolabion. Quite apart from the humanitarian implications,
the economic effects of improving the health of the
population should be considered.

The relationship between health and economic benefic
is complek. Economists have considered health care

variously as a consumption, as an investment, or as a

combination of both {(Dublin and Lotka, 1946). In recent

vears, economists have become increasingly aware of the
predominantly developmental nature of health services.
"The concept of health care as an investment in 'human
capital! grew out of the observation that the historical
rate of economic development could not be entirely
explained in terms of capital and technological invest-
nment in indusbtry and agriculture. The central argument
of the concept of health care as #~ investment is tﬂét

returns on health expenditures - jusc as in the case of
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expenditure on education and vocational training - raise
personal and national income ...... Today the invegtment
agpect of health care appears to be gaining accepbance"
(Feidstein et _al., 1973).

The economic benefits of improved health a;crue
mainly from increased _roductivity of labour, although
other facltors such as improved scholastic performance of
children also play a role by decreasing costs in other
sectors of the economy, and decreased demands on medical
services may result in direct benefits to the department

of health (Popkin and Lidman, 1972).
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A st RS T G S A T Yoo T Yo M A R T TN (g gt LW A1

However, the technigues for evaluating these benefits
are still in their infancy, and it is difficult to quantify
the economic advantage which a country might expect if its ¢

population was healthy (Griffiths, 1972; Popkin and Lidman,

1972), It would bu much more difficult to evaluate the

"benefits of a specific programme concerning a single

nutrient. The fact that most economists would expect a
return on this investment in "human capital' is stated
here in order to reinforce the argument in favour of such

a programme.,
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Although & large variety of morbidity has been
ascribed to folate deficiency, the only unequivocal
effects are megaloblastic anaemia, prematurity, and
changes in epithelial surfaces, especially those of
the gastrointestinal tract. The incidence of folate
deficiency varies widely in different areas, and is
high in a number of populations subgigting on a sub-
optimal diet.

The folate requirements of pregnant women are
greater than those of other groups in the population.
The administration of folic acid tablets succegsfully
prevents the development of folate deficiency and
megaloblastic anaemia in pregnancy. However, large
numbers of women do not attend antenatal clinics or do
not take folic acid tablets when these are given to
them., This is particularly true of women in under-
privileged communities, in whom folate deficiency in
pregnancy is of high incidence. It is therefore necessary
to seek an alternative means of providing folate sup~
plements to pregnant women :a such communities,

The method most likely to succeed ig fortification
of a staple item of diet with folic acid. In the present
study, this possibility was examined in the light of the
recommendations on food fortification made by the Joint

FAO/WHO Expert Committee on Nutrition,
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It was found that folic acid in fortified maize meal
is stable under conventional storage conditions for up to
18 months, and that the addition of the vitamin does not
have undegirable effects on the colour, odour, taste, or
cooking properties of the food. Folic acid in aqueous
solutions of varying concentration was shown to resist
destruction by usual cooking procedures for periods of at
least one hour.

The effect of the presence of various vehicle foods
on folic acid absorption was examined, by comparing the
absorption of folic acid alone with its absorption from
fortified maize; rice and bread in the same subjects.
Compared with absorption of folic acid alone, the average
absorption of folic acid was 56.3 per cent in the presence
of maize, 54.4 per cent in the presence of rice, and 28.7
per cent in the presence of bread.

Clinical trials were carried out at Nqutu, KwaZulu,
South Africa, amongst a population of rural Zulu women,
whose staple item of diet is maize meal. Initial trials
were carried out in pregnant women, the primary target
group for folate deficiency. The women were healthy and
not anaemic, and were lodging at a hospital.

Fortified maize meal was fed under supervision in
such a way that each subject received 1000/ug added folic
acid daily. This resulted in a marked rise in red cell
folate and serum folate concentrations. In a control

group, receiving unfortified maize, red cell folate
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levels fell progressively.

Subsequent trials were undertaken to determine the
smallest dose of folic acid in maize meal which would
effectively prevent folate deficiency in pregnancy. Two
groups of subjects were given fortified maize meal under
supervigion such that the subjects in the one group
received SOO/ug added folic acid daily and those in the
other recedived 300/ug added folic acid daily. Another
group received tablets containing 300/ug folic acid
daily,

In subjects receiving fortified maize meal, the
rate of rise in red cell folate concentration increased
with dnercasing concentration of folic acid in the maize.
The rate of rise in subjects receiving 300/ug folic acid
tablets daidly was slightly greater than that in subjects
receiving fortified maize meal containing SOO/ug added
folic acid daily.

The rate of rise in red cell folate concentration
in each group was correcued to account for the fall in
control subjects, and the corrected rates in the groups
receiving fortified maize were compared with that in the
group receiving folic acid tablets. This method of
calculation was used to determine the percentage of
folic acid in fortified maize thalt was available for
incorporation into red cell folate, when the availability
of folic acid taken alone was regarded as 100 per cent.

Fiftv -five to 58 per cent of the folic acid in fortified
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maize was available. This finding is in close agreement
ith the observation made in the current study, that

56.3 per cent of folic acid in fortified maize is absorbed,

combared with the absorpuion of folic acid alone.

The corrected rates of rise in red cell folate
concentration were proportional to the amount of the
supplement in groups receiving fortified maize containing
300/ug and SOO/ug folic acid daily. However, the rate
in subjects receiving a single daily dose of 1OOQ/ug added
folic acid in maize suggested that a smaller proportion
of this dose was available, it being likely that the excess
either was not absorbed or was excreted.

Red cell folate concentration fell in a few subjects
in every supplemented group, but serum folate levels rose
in all of these subjects. This suggests that the total
dose of folic acid administered during the few weeks of
the study was occasionally insufficient to gignificantly
improve body stores. TFortified maize meal containing
300/ug folic acid daily was as effr~tive as folic acid
tablets and more strongly fortified maize in preventing
a Tall in red cell folate concentration in individual
subjects. This dose is equivalent to 165 - 185/ug
folic acid daily in tablet form.

Mean haemoglobin levels also rose significantly in
all of the groups recediving folic acdd supplements, all
doses bewing equally effective. However the regression

coefficient for the group receiving 300/ug added folic
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acid daily in maize was not significant, whereas it

\ was in the other groups receiving supplements. Serum

| vitamin B12 concentrations did not change significantly
i, subjects receiving felic acid supplements.

i In addition to the hospital-based trials, a pilot

: field trial was carried out to assess the effect of {
supplying fortified maize meal to subjects who consume )

y it in the home enviromment. The results indicate that

effective improvement in folate nutrition can bs achieved a
in this way. The rise in red cell folate concentration |
in pregnant and lactating subjects was at least as great
as that in the oldest members of their respective

families. As the folate requirements of the former

exceed those of the latter, this suggests that they were

e

eating more of the fortified maize meal. This may mean

that the sector of the population with the greatest
' folate requirement would receive the greatest folic
acid supplement from fortified maize meal eaten in the
} home.
; The biological availability of folic .nid in

fortified maize was demongtrated by therapeutic trials

e s R

in lactating patients with folate-~deficient megaloblastic

anaemia. Optimal haematological responses were observed
in four patients receiving 300 - SOO/ug added folic acid
daily in maize, but a suboptimal .espouse occurred in

; one subject receiving maize containing 100/ug folic
acid daily, which is equivalent to approximately Sé/ug

folic acid alone.




-

These trials showed that food fortified with folic
acid can be used to increase folate sbtores, and so safe-
guard against the development of folate deficiency and
megaloblastic anaemia in pregnancy.

In order to assess in greater detail the need for
such supplementation in the population under study, the
incidence of fe .ate deficiency in various groups of
Negroes was determined on the basis of the red cell
folate concentration. At Nqutu, folate deficiency was
present in 43.8 per cent of healthy non~anaemic pregnant
women,; 33,0 per cent of a randomly-selected sample of
non-pregnant women, and 18.6 per cent of men. Among
non-pregnant women, folate deficiency was more common
in subjects who had been pregnant or lactating within
the previous two years. Among both men and women, the
incidence of folate deficiency was greater than 30 per
cent in subjects over the age of 060 years. Based on
these results, it is estimated that approximately two
million Negroes in ‘the "Bantu homelands" would benefit
from the fortification of food with folic acid,

The incidence of folate deficiency was not as great
in urban females. Twenty per cent of Negro women
attending a Johannesburg family planning c¢liniec had
folate deficiency, and the incidence was not increased
in those using hormonal contraceptive agents.

The only theorebical hazard of administering folic

acid to a whole population is the posgibilily of
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inducing haematological regponse in subjects with primary
vitamin B12 deficiency. However, the dosge of folic acid
effective in preventing folate deficiency in pregnancy
was Tound :n this study to be less than the smallest dose
capable of‘inducing such a response. TFurthermore, no
single instance of unequivocal vitamin By, deficiency was
encountered among over 0600 subjects examined. Thus, the
rigk of the indigcriminate administration of folic acid
in the population mnder study is infinitesimal. Western
diets contain folate in amounts approximately equivalent
to SOO/ug folic acid daily, and the general purpose of
the present proposals is to increase the folate content
of the diet of impoverished people to this level.

The milling and macketing of maize meal in South
Africa are controlled in such a way that its fortification

would be feasible, and it dg likely that this will be

-implemented shortly, with riboflavin and nicotinamide as

the added nutrients. The inclusion of folic acid in this
programme would add 0.50 cents ta the cost of an 81,54 kg
bag of maize¢ meal, and would cost less than one cent

per adult in the target population per annum. In raize-
eating countries where food fortification is not presently
contemplated, the implementation of food fortification
with folic acid would raise the cost of a bag of maize
meal by abcut one cent, and would cost about two cents

per adult per year.
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The results of this study provide evidence that
folic acid fortification of maize meal in South Africa
is indicated, and that this would fulfil the criteria

laid down by the Joint FAQ/WHO Expert Committee on

Nutrition.
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I Details of 144 pregnant women studied at

Ngutu (group VI)

Results of investigations performed when subjects

were first seen.

H

age (years).
parity.

monthly maize consumption per adult in
family (kg).

monthly cash income per adullt in Ffamily (Rands).
serum vitamin B12 concentration (pg per ml).
serum folate concentration (ng per ml).

red cell folate concentration (ng per ml).
haemoglobin concentration (g per 100 ml).

mean cell volume (/us).
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25,
18
18,
26
16,
36,
29.
32
30.
21.
17,
18,
2%
22¢
28,
2k,
26,
36
30.
224
16,
22
34,
23.
26
21,
22
28e
27
19.
18
230
24,
30,
234
2%
28,
27
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B C D F G H I

4e 7469 2431 3,70 B0 12,9 984
De 11-11 4o bt Te&D 171 15.8 101,
Oe 6o 60 2400 13.00 369, 127 98,
2e 10.00 2¢ 40 3. 70 108 1.1 97+
la 833 250 5450 141« 11.9 G2
To 13,33 107 5220 221 12.0 91.
24 4440 3633 4:@0 247 o 122 83.
3e 10,00 4o Q0 6480 150 1249 102.
Os 12.00 291 6680 321e 1365 95
2 16,67 3433 520 1974 1.7 99,
Do 5633 2067 3080 1350 1301 960
0. 12,00 2473 3.10 147 126 9é ¢
2 14455 1482 2020 152, 11.8 99,
Qe 1250 250 3440 211 11l.8 9%
Ea 16. 67 3+33 180 253, 1241 104,
2w 16,67 1a 67 4o DD 111, 11.3 93
2e 9.09 le 82 560 210, 115 99,
30 2018 3064 8.00 263- 1390 950
Se 16467 0.00 T+30 266 1247 90,
2a 10. 00 3660 4430 1376 120 95,
Do 10.00 2400 4450 1154 ldqa1 95.
le 22.22 bolbe 44 40 217 lil.6 97,
Ge 14467 3411 5450 219, 11,2 100,
2 10.00 4000 7-20 326 1448 910
2 92.09 1.82 4»80 176, 13u1 97
le 15438 1o 54 4480 157 1243 95
3a 12.00 1.82 630 217 11.9 85
Ga 204,00 10.00 3.20 173 11.9 99.
Gs Be33 2,00 2+90 196, 1241 91,
Ou 1250 1-25 b 40 146, 13.0 FL
1a 10415 26031 44 B0 263, 13.2 102,
2 254,00 2450 be DO 107, 11.7 109,
2 1320 4600 4ea 60 2384 1246 97
3 204,00 5600 3,70 234, 1340 97
24 16,50 2450 4o 60 103, 11.9 99,
Qs 14467 Je33 270 187 Lde & 970
la 25667 B« DO Gel0 182, l4a B 9T
2e 11.00 Lo 67 4090 3il5. 123 92,
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A B C D B F G H T
200 0o 13330 5.000 529 207 246, 1460 97«
45, 5 60286 2857 54%a 200 120s 1262 93,
404 13. 10,000 2500 1319, leb B4 11.9 1106
22, 0. Q. 091 3.636 6lbe 3s2 906 1340 93,
27Te 2e 11.110 2222 529 3e6 1354 12-2 B9,
286 3e 20,000 8,000 482 246 134 11.9 106,
23 4o 11. 000 20000 5940 3.9 269, 1262 L
18. De 8,333 363323 584 4o3 162 11.1 94,
1Te O, Be333 36233 B2Te 30 2 2T6s 120 90e
18, Qo 10,000 2:000 547 " he 228, li.1 84
250 5e 124500 5000 550 3eb 1490 120 98,
226 De 12,500 5.000 573 bty 179 108 99,
20. Oe 11,000 34333 T32a 6.6 119, 1401 93,
20, Le 144290 2.857 593 Tal 234 120 B85
204 Oe 66 250 52000 10706 bety 2710 12&9 D,
19, Do 4,000 34636 647 202 ?5@ 136 98,
239 s Qe 429 24857 440 ¢ 5e3 149, 122 951
20, 0. 144290 le71l6 5526 Léed 479 1203 85,
19 Oe 13330 2667 909, Bek 1626 115 9T
ZSw Ga 14,290 56714 611, 4.8 405, 1262 93,
19. Do 86333 3.333 BNG. 2e¢5 155, 1261 91,
19, O, 10, 000 4.000 621 6e0 49 1245 92,
17. Oe 100000 4‘800 SZSi 448 2290 1242 94,
18, Ds 11,110 20222 702, 561 128, 12.7 93,
29, Gy 9.091 1.818 5666 10,2 404, 119 09
224 Ze 12.5C0 5,000 685, 569 313, 13.5 92
20 Oq 100000 4:000 535 5¢2 1660 1301 1000
23, Oe 90429 1e429 572 2e¢3 163. 1443 Qhe
30, 56 11. 000 35333 4T1e 2% 2024 12.8 100
200 Oo 70592 10538 524, 5-1 200- 13¢8 90
170 Os 8.333 30333 53, 367 1510 130? Q% .
21e Qe 184180 3:636 582, 33 169, 133 93
22 0: 110766 10175 4040 B ¥t 113* 1309 97
214 lc 16&500 5000 52?0 4 8 148, 12: 6 94,
186 O 12,500 5.000 571 504 2100 12. 7 9le
17. 06 Ta 692 3.077 552 4,0 125, 1241 93,
17. D 13,200 8,000 433, Se 2 177 1267 84,
20, O 14,290 24857 608, 57 13 13,1 95,
20, 1, Telt3 24857 606, 40 183, 12.3 72
38, le Q0429 5¢T1% B72a 2e 7 146, 126 4 91.
18. Ge 12,500 5.000 454, 492 130 123 83
30 5a 7765 24353 790, 650 235 10e 4 97
24 Lo 10. 000 3,000 689, be 2 NG, 126 4 Sbe
23, [ 8. 800 1333 823« 2a% 103, 123 93.
274 5 11110 bobtety 1023, 362 2660 9¢7 95,
204 ER 8+ 80C 2.667 643 4a3 2470 1243 Q3
204 26 9.091 34636 T45, Ted 312, 1048 89,
23 Ca 16.500 2500 522 56 224 13.3 9N,
39,4 Te 16.50C 2:500 415, 4e 2 229 13,1 91,
25, le Be333 e 4667 65%, B9 2654 1346 92
21a De 13.200 44000 7454 Be4 353, 1247 98,
19, Oe 20,000 2+000 1006. 2.7 111, 1246 Bba
2le O 18,860 50714 793 551 263, 1069 9h
. 2L i, Ba 250 5000 858 262 2854 122 91.
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;
33, To 110110 26222 996, 490 147a 1421 102, H
304 2o 120500 2500 599, 3.4 235, 1261 92, H
32 3s 124500 54000 4854 3.0 100, 949 90, ;
22 Do 166670 34333 836 563 203, 13.3 89, 0
26, Oa 10,000 24000 872 B.0 170 120 97e ¢
18, 0e 144290 5e714 514 4e3  104s 1243 95, 4
194 De 134330 2e 6T 598 4,8 396 12.2 920 @
19, O 12. 500 5,000 7294 3a4 110 126 92, )
21 De Te 92 3,077 1055, Tal 143, 125 Qb i
19, 0e Bs 333 3333 468 260 1064 1241 99, ]
240 2o 10, Q00 40000 502« /9 § 1264 1242 95c 3
220 Go 12-500 2.500 4680 3»4 1600 l302 97@ »
16 0w 5.882 1e765 460, 248 92 12+ 4 Y4 g
18, 1. 104 000 2,000 1028 Le6 136 12.1 101l. !
20 Oe 154380 1.538 7824 3,0 151, 12,0 Gl e
2be 1la 144 290 2,857 5164 byl bbb, 1252 94,
22 O 86333 44000 543, 6.2 231 1265 96,
18, Qe 10,000 4,000 3944 Tel 348, 11.3 85. :
16’ Oo IBOLBO 3;636 898a 3-6 3840 12.9 990 3
25, Os 144290 2,857 531, 9.0 240, 12. 6 T \
19, Da 9. 091 3.636 1122, 6e8 235, 12.8 924

204 D« 6e 667 24667 715, 497 2454 1is5 Tle %
174 0 Be333 34333 851a 3.9 152 13:. 4 94, i
29 le 9429 20857 4720 2e b 123, 115 99, i
25 Ze 16670 10,000 8854 3.0 133, 11,9 90. !
22 O 16,670 64667 1193, 3¢5 187, 13: 4 89 ‘
24; ls 124500 39500 ?291 2&5 218 13¢5 9l : b
2T 0o 144290 20857 131 2+ 8 1384 13.2 97 ‘

30. Le 124500 5.,000 926 be 5 253 119 98e

3. O 16670 3.333 516, he3 270 11.0 Bbe ;

43 Oe 124500 26500 65686 208 15826 1240 90. : !
23 1s 20000 5.000 1N12. 2¢0 1464 1le4 104,
25, 2o 12.500 20500 TL6e 242 102, 13:8 IN3.
26 le %o 8OO 2.000 1077 1.8 126 1643 102,
17, Oe 56556 Jelll 882a 30 118 12.7 95.
28 le 8‘800 26667 633 46 O 2040 1449 95,
20, 1a 10.000 2+000 1302 Bs i 409 12.3 91ls
32« S5e 11,000 2000 610w Ss6 1TTo 1166 8T

TR

B

1%, De 164670 53233 524, le & 128. 1248 Q2
20 0s 11110 bo bty 857Te 5.0 310 1245 93,

- 26s 1s Te692 2&308 7330 206 1200 lBQO 94&
19, Oe 140290 16429 1283, ho B 3660 13¢5 90,
2)e 0 Te 692 2,308 595, bsl 183 1242 Y34
23e 2e 20, D00 be 000 1326 1e@ 100, 112 102 f
30 beo 134200 2000 11464 1o 8 183, 124 7 9l i
23 Qs 10,000 2000 1324, 266 155, 1340 103, |
25, O 11 000 Le 667 4T 6o Yy 147, 13:1 2 I :
18 O 11.110 bowbdety 1035, 262 169, 13 7 BBe
27' 2. 96429 2&B§7 865. 164 133l 13a2 89.
224 Oe 164670 5000 6264 26 & 131. 10,3 1.
23 le 146290 2.857 T17a 2el 98 124 ) 98. !
25 le 144290 SeTl4 894, 2eb 111 11.1 21, |
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Details of 185 non-pregnant women studied
at Nqutu (group VII)

A -~ age (years).
B =~ parity,.

C - monthly maize meal consumption per adult in
family (kg).

D ~ monthly cash income per adult in family (Randg).
E =~ serum vitamin 812 concentrahio? (pg per ml).

F ~ red cell folate concentration {ng per ml),

G -~ haemoglobin concentration (g per 100 ml).

H - mean cell volume (/us).

I - years since last pregnant or lactating.
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A B C D E F G H I
17 Oe 60250 2500 1092. 172 1460 BTe
41» 4o 4167 12667 1144, 379 13: 4 92w be
290 20 60250 10250 10100 150. 13¢1 93. 1»
18 De 144330 6+667 1485 302 14,0 96,
200 Oe 5000 2,000 1812, 329 156 4% 96
19, 2e 66000 5:000 939, 185, 13.4 39 Le
28, 1. 9e429 2. 857 T35 333, 1261 B3, 2o
20, 3e 11.760 1176 2031 160, 1460 994 2s
25 3 25,000 24500 512 390, 12.9 920 26
G4 Ts 9,091 « 900 1160, 400 15.0 93 le
21n 2 Ta165 4e 706 1056, 131, 13,9 94, Lle
63, Oe 15,000 4,000 800 306, 1567 86 254
43, Te 15,000 4,000 840, 379, 1340 Fb4e 13
67 5 9.091 2727 1196, 51l 120 9o 35,
45, 10. 20,000 2.000 1382, 2564 1247 9ba Ba
35, %o 17.270 l1.818 781 210, 13,8 100, i
29, ba 13,330 1.600 9754 126, 11.1 9ba 1.
61, Ta 18.180 1,818 810 1564 14,9 91, 19.
224 2e 7500 1.300 950, 1654 12.8 95, 24
60 B 134200 34200 770, 300. 13.4 984 20
2% o 12000 3eb636 8574 Tha 125 83, 1s
33 Be 10,000 4,000 1015, 460 12:6 92 1.
50 Ba 16,670 3,333 938a 259, 13.2 B7e b
224 5e 10. 000 3.000 833, 118 1201 B7a 1.
19, 6e 114110 lelll 797 223, 1243 82 le
20, 8e 12,000 1.818 2037, 220 ldo2 B8a 1,
32, b 10.000 2.000 1478, 185, 13.8 B9 1.
24 2 28¢570 1a429 899, 327 1449 Qb4 le
67, 6 Talé3 aT1l% 1682, 351« 147 94 23.
© 36, 3 124500 2,000 1003, 139 13.2 89 13,
16, D 164670 16667 1230, 351 Y4e2 90
19 Os 12,500 1875 1220, 320 1446 B6e
2le le 12.50C 2e 500 799 8le 1449 95, le
17 1. 84000 24000 520 130 139 91 le
42 4o 10,910 1.818 1189, 330 159 93 1%.
33 5- 8.250 3@000 561& 111le. 1447 90. 9e
46, be 9e 24 le429 917. 477 1542 86 234
33, Ya be316 2632 998, 286, 1he Bba 1.
23 ls G091 34636 648, 3. 11.9 95. 1,
434 Sae 144290 24857 1073, 335 1%edt 95 Qe
43, lf. 146 290 2.« 857 4T4 232 1441 90, 29
54, 3. 12,000 26000 1286. 220 1362 8B 28Ba
23 Ze 144290 16429 1035, 155, 1565 90 le
5o 9 34125 2,500 1081, a2, 13.9 91 124
17, Oe 64250 1250 10326 335 14e5 9L
200 1. 10,000 2,000 1156, 315, 1564 88a Ye
32 6s 12,000 44 000 929 154¢ 14.0 G2 1.
19, 1. 124500 5000 506, 61s 13.0 97 le
30, 3e 1l4e 290 2857 571e 160 13.0 88 2o
18, Oe 9. 091 3263806 1228, 232, 1249 88a
224 3e 5.000 1200 1298, 129. 13.9 85, |
35, 5e 154380 1,538 1004, 1026 1446 89 2o
21, le 10,000 4,000 Q084 249 13,0 9 3
364 5s 11.110 34333 363, 446 11.7 91. 3.
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A B c D B F G H T
19, le 10. 000 4,000 11404 9T 13,1 884 2o
30, He 6. 600 50455 1271, 2166 13.1 B7, 20
22, 1. 10. 000 2+000 4730 211. 1267 95 3e
37 be 12,500 2500 TT76 154, 14,7 91& 1o
2la 2e B0 250 26500 1428 924 13.2 Bb6oe 2e
by 40 Bo 333 1,687 5992, 191 13.5 B6e 120
200 2a Tal43 4e 286 T84s 140a 1366 102. 1.
6T bq 8+333 34333 9806 954 1442 89a 2Lle
53a 2 66250 2,250 737 335, 1543 95, 25,
45, Be Tel43 26857 T42a 267 12.8 94 o 2o
45, b 9. (191 3.636 706 1474 117 B9, Ge
454 be 3,571 Le571 626, 2TTe 12.9 86 176
21, O Fe 091 1.818 1464, 179, 143 9%
27 2 20, 000 2000 945, 298, 13.7 92, oo
39, 2e 12,500 54000 1728, 332, 13.4 89, 13.
240 5. 70692 1&538 649, 182, 1396 89. lo
184 Os 110110 20222 BT4s 164a 1505 Q6.
29 e 10,000 3,000 869, 112, 1349 91 Ze
23 2 10,000 2.000 802, 286, 13+4 89 1e
24 “e Be 333 3333 1264 175a 1247 Gle Yo
30, Oo Te692 le231 1710, 188 1461 92 le
20, 1s 10.000 2400 866 114, 1362 97 Lo
17, U 10,000 4,000 5700 158, 13.3 B8
2he 2e 12,500 3,000 Th4he 129, 124 95, Lo
25 3. Ge 429 30429 501, 159, 13.3 88 l1e
23 be 126500 24500 1386, 211s 12.4 9be le
25 1. 13.330 26667 1155, 186 129 9l La
30. 4o 12,500 1500 1160 154, 1646 93 e
554 3 Tol43 Lo 571 1021, 319, 1468 92 294
27¢ 2 15,000 Lw66T TT2 65 14,0 98 1.
48 le 5.882 2.824 837, 198, 13,9 90a le
6506 Z2e 11,110 20222 Tb4e 1530 1463 Q4 s 36
39, 3 140290 5714 573 114, 15,0 96e 14,
25 1. 50,000 10,000 1553, 108, 12.5 89, 2e
38. Te Te 692 1.538 1300 205, 12.0 96e 1.
55, Te 11.760 14176 1293, 4264 1443 92 200
174 O 70143 2e143 10680 110, 118 103,
59 50 llullg 20222 689, 4650 l@bl 9% 254
59, be 10.000 1,000 T62, 2784 1443 91 21
She 8» 8@000 1.333 1278 3204 123 96 4y
67 11, 10a 530 24105 1233, 14T« 14e3 90 18,
T2e e 12500 14250 1024, 2350 lhe2 90« 30
620 OQ 89333 laéb? lllZQ 1670 1442 831
$53e 11, 154380 3077 1223, 217 1448 ST 156
52 6 10. 000 26222 Q60 170 1349 100, 20e
55, Te 10910 1.818 1721, 178. 1346 99, 1i.
534 S5e T+692 3.077 587 203 11.9 89 15.
15, Be 8,333 Lab67 566, 215 1344 94 e 28.
5T+ Te 9091 909 665, 174, 138 92 12
67, Se 10,060 1.20C 1040, 3024 13.6 97 27
She 1l 25,000 5,000 938, 590, 13.8 90 28
5la Ba 114110 PN 10146 1280 12*2 94. 19,
67e 0. 25.000 5.000 1203, 143, 1509 Q3.
19, e 166500 2500 1403, B6a 153 1006 414
67 Ze 12,500 2000 1532, 784 125 964 39.
67, le 12500 5.000 791, 168, 1248 9l 65,
T3 8¢ 12,500 Ts500 639, 106, 12.9 93 38
78, Oo 11,000 22000 830, 2064, 1446 90e
55. Te 146 290 26429 999, 695, 1.2 88 2)e
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A B C D B F G H I
750 Os 160500 20500 4509 1049 1324 Q28

786 10 22,000 36333 769, 356, 16.2 92, 22
670 8a 140290 10l43 12130 332& 1400 85» 31-
68, S5e 10.000 2:000 745, 135, 15.8 B854 33,
6?@ 6o 16670 1La 667 828, 6075 1403 96, 22
ble 124 13,640 « 909 923, 281, 1448 894 19,
630 8. To143 10429 9010 142w 1590 92* 19
29 3. 9.091 3636 1195, 25%. 1343 92 1.
e 5 Te 692 3,077 1114, 282 1247 93, 2%
654 7o 10,000 24000 550a Qb6 1442 B54 29,
70, Ds 204000 2. Q00 699, 471 14,7 92

460 7o 146290 44286 1454, 278s 1403 88, 15
47 B 12,500 14250 1078 229, 1306 054 12.
33 by 136330 2e667 B55. 138 1345 B6a 2e
66, 8 12.500 2+500 Thba 2484 1449 954 31.
52 Te 48 T62 19085 T624 1954 13.8 B9 14,
TTe lbe 16670 3.333 561, 127, 126 90 4},
466 Oa 250&00 2¢500 10940 187, 124 88

St Se 25.000 56000 1633, baby 15,1 1056 19
TZ& Bo 6&250 10250 94l¢ 1950 1406 96» 19&
50 B 13,200 1.000 9164 379 146 8ba 16
LY D 9e 429 «T1L4 763 201 132 86 13a
68 beo 16,670 Le66T 567 137 1345 A0 21,
32 2a B8e333 1667 11949, 2T5. 1402 86 2e
204 0w 114110 24222 1159, 189, 1342 BT

78 be 12,500 14250 B79s 115 1562 9Y9. 37
42 Le 16.500Q 2500 991. 149, 1.7 Q2 15,
78, b 11,000 20000 BZ2s 4280 14,8 B3 284
45, fia 146 290 56714 4Th, 2%%¢ 144 5 97 e
19 10 12,500 2.500 545, 204 lheh 96 29
53 e 154 380 1538 963, 1956 150 976 94
Téa 9. 14.290 24857 610 186 1566 BBe 30,
42 e 33:330 beb4%4 602, 1 T4a 125 88, Bu
42 6o 10,000 440006 795, 1544 lasd 90, 2
73 Ca 16,500 24500 1148, 153 1445 96,

60 b 12,500 5.000 B4, 505 1349 96 e 1%,
184 e 22‘220 bolttily 942@ YN 1044 97 s 35,4
68, B 164670 36333 332, 174, 1306 96 . 254
30 b 12500 34750 B8l 152, 1264 91 1o
65, 11le 10,000 2800 Q51 223 1465 90 176
) 2 11.110 l.778 1017, 170, 1540 93 13
54 b 13200 1000 B34 160, 1340 89, 8e
T8 ba 14s 290 44286 1237« 636, Lbdat Y3 29
26, %a 091 1.818 1377, V74 1269 92 le
SOm Ts 7&143 20857 798. 2950 1386 90 by
654 10 22220 2222 1062, 2454 126 Qb e
300 3. 13.200 QGOOO 9240 3?20 13n6 91» 70
67, 4o 10,000 4000 Q6be 2886 1662 Q2 b e
584 5 18+ 18¢ 32636 9604 A24s 1460 90, 25
184 De 154 380 1,538 1096, 209, 1229 8l

59, Gu 25,000 54000 867, L64a 1149 4, 3.
3% 2w 1l. 000 34333 1092, 155, 1340 100, b
564 8 25,000 24500 1621, 331a 144 9 96 3l
204 0e 6947 3,158 811 61, 14ed 107

21 Oe 11,110 fe 444 958, 167 Lbab 10,

33 “o 144 290 24857 B2 351, 1l.9 8l he
234 1- 166 5CG0 20500 1l@80 180, l4e3 Q26 3
204 2 144290 26857 84T, 484 J2.2 93 le
28e De 10,000 1. 000 1162, 193, 12,4 83,
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2830,

A C D B " G H I

554 ba 11,110 %o bbb 850, 112, 13.8 92 13,
780 7» 3.6&(‘)70 1«6()7 7"“%20 82» 1500 1090 419
65. Je 154380 3.077 855, 3206 129 924 19,
55, Ge 16670 3933 905, 465, 1267 98, To
424 T Tel43 1,429 1337, 520 138 92 8a
25G 1.0 70692 3ﬁ077 7850 zf;?d%o 1308 G?n lm
40 %o 6,250 24500 573a 239, 13.0 90s is
58 Te be 16T n 833 1438 128, . 1365 87a 18a
42« 10. 9.091 1.818 319 297, 13.8 87 b
58 Te 90091 22,636 904, 253; 1267 84, 164
55 8o 164670 36333 1383, 252 1343 92, 14,
Sbe 1le 13.200 20000 13844 413, 1269 92 L
T0e 5e 18.180 3636 TQ4, 291, 1343 89 29,
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281.

ITI Details of 140 men studied at Nqutu (group VIII)

A - age (years).

B - monthly maize meal consumption per adult in
subject's family.

C ~ monthly cash incowme per adult in subject's
family.

D =~ serum vitamin B12 concentration (pg per ml).
E - red cell folate concentration (ng per ml).

F -~ haemoglobin concentration (g per 100 ml).

G =~ mean cell volume (/ug),



282.

A B c D E F G

24%e 10,000 8.000 75, 165, 1663 95,
20 12,000 4,000 981. 174, 15,2 83.
16s 12.500 1,000 B33, 2266 150 4 =L
35, 11,110 1556 933 212, 1606 90
38. 22.220 3.889 1424 28B4, 1469 91,
25+ 226220 3,889 1470, 293, l4o 4 90
33 14,290 131430 8340 219, 144 93,
55. 0,000 0,000 1264, 16%. 1563 97
17 84333 8000 830, 150, 1521 8G,
20, 12500 6.000 1398, 2134 154 B2
226 16143 0,000 197« 22T 1545 1n1.
226 11.110 26222 761 488. 15.9 9l.
524 90391 1.818 1472 200 1467 864
264 146290 22,860 T34 145, 15. 8 99,
224 12,000 56,000 999, 448, 16.9 101,
670 120500 40000 7730 31t 1543 96o
484 16,670 6.667 1073, 205, 11.8 95,
426 12.000 3,000 2341 438e 14a45 99,
7Be Be333 2,000 1110 292 14,9 98,
T%e 6.250 5000 939, 346, 10.0 964
T6e 12.500 24500 791 106 12.8 99,
33, 60250 5000 S05, 182. 1045 85,
41 12,000 2400 954, 323, 14,2 93,
45, 50,000 2.000 1214, 306 14.6 89
200 20,000 44000 1368. 284, 14,8 35,
T3 16,670 «500 T79. 290 14,9 95,
730 120500 1.000 690. 688, 1403 Q2.
60, 25,000 20500 B892, 340, 13,2 93,
59, 14290 S¢714 65724 323. 13+ 8 91.
376 144290 1.524 139%. 356 14,7 94 .
17. 11.760 2118 873 391, 1465 89
28e 30,000 54600 1538 3204 1649 97
26 284570 2.857 1421 579, 16.0 100,
23. 76692 3692 24064, 168 140 3 BB
33. 15.380 24923 1237 3710 1442 91.
264 11.110 bolbtl B47 e 315, l16e 4 94,
28, 14.290 36714 BBbe 152, 1449 B7a
284 14.290 34714 1174 364, 1561 91
2le 14,290 3.714 841, 338, 15.0 92,
194 14,290 34714 663, 2464 12«7 B2e
h2¢ 11,110 1.556 1121 316, 1405 94,
55 10.000 4,000 1llle 188, 14e 2 95
19. 10-530 10684 1429 1350 15,3 G0
34, 104000 6.000 1372 213, 1445 108,
226 15.380 1,846 1652, 289 1545 B3e
21, 14670 24222 723, 191, 15.5 Bba
41, 164670 34333 1353, 322, 15.2 98e
56 12.500 5000 805, T2e 13,7 G2,
16, Te143 2.857 925 30L& 167 97
61, 16,670 44000 1158, 320 14 7 99,
27 6522 24783 B6T « 291, l4a 4 92
26 Bs250 5000 1020, 255, 1542 BG,
28. 84333 34333 1156, 483, 16,0 880
32. 11,110 3.333 790, 175 14,9 S1e
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A B c L E F G
35@ ‘5@000 20500 637, 178 14c4 906
6¥e 12,200 36200 652, 373, l4es 6 96e
48, 16,000 5,000 789, 190, 15.8 92
30a 16.000 25.000 1250, 205, 1600 95,
536 10,000 5000 81l, 260, 14.1 98e
55, 66667 24667 1176 429 14,7 966
676 10,000 5000 600, 117 14,6 She
46, 11110 1778 696 152 1665 95,
4l 224220 botlh 1418, 320. 15,7 92
36. 10.000 46000 1111. 188, 17. 2 90
58e 13330 boebtt 921 627« 1242 102,
30 15,000 5,000 1056 166, 15.7 93,
20 20,000 5000 783 154, 15.8 950
35 86333 20667 1284, 22% 1669 98,
67. 12.500 0,000 1453, 249, 149 104,
16 12.500 5,000 1097, 161, 1445 T9s
45, Il1.110 0000 1383, 315, Yae 98
19, 5.882 3,529 1090, 196. 1400 B8
T3 Ta143 0.000 827 430, 13.6 ~ Q6.
23, 3.077 1538 1263, 150. 1446 92,
37w 50,000 4,000 954, 157, 12,5 90,
6T7a 66250 «500 1041, 194, 15e0 90
49, 10,000 3.600 1127 315, 13.0 924
224 Be333 833 1007, 164, 16e 4 Q&,
T3 6250 750 686 165, 14,5 9bhe
24e Be333 14333 1356, 150, 15,0 9.
27» 66250 2+ 500 8304 229, 17.1 100,
18, e 429 1.714 841, 2554 1545 92.
48, 10,000 26667 1229, 460, 15,0 Q6.
60, 11.110 26222 1282, 167, 13,9 LN
32, 11.110 24667 1820, 1754 15,3 B4 4
19. 6@667 246567 1044, 2‘10 15.6 92
19, 5000 44000 9754 & Ba 157 B6e
554 14290 16429 865, & 3, 15,5 GBe
550 100000 10000 14490 6330 14‘3 100.
254 16.670 1667 1368, 481 . 154 98,
41la Tel43 «571 20840 5T4e 1764 100,
30« 25QOOO 3.000 940 . 338, 14'6 924
25, 10,000 44000 1181 525, 155 Qb4
20m 5556 LA 1150, 65404 16, 6 B8a
60, 16670 34333 1162. 500. 1345 9o,
G4, 10.000 44000 897, 2674 13.4 100
69, 84333 24000 1219, 2134 1462 95,
75 25.000 5.000 609 165, 15. 8 95,
T2 144290 42806 872 1244 13.7 96a "
The 84333 « 833 1154 684 Lé6e 4 98,
17, 12,500 5.000 892 Tl, 15,6 55
68e 10,000 0,000 1019, 188, 1649 Q6.
67 50.000 00,000 7094 253, 1566 93,
78 25.000 24500 8700 22). 15.1 6.
T3 4,000 0,000 1088, 104 1645 96,
6T 33,000 8.000 9140 280 1409 99,
T8 10.000 0.000 916« 312. Lhe s 944
55, 14,290 24286 910, 520 1646 109,
79 50,000 34000 1263, 1454 13,7 96
80. 10.000 0.000 564, 441 . 152 93,
ER 13,200 44000 111%. 120 16,2 98
77, 10,000 2.000 1229. 96 1546 97
67 164670 32333 1156, 232 1563 100.
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284,

A B C D E F G
73 16.500 20500 655, 184, 15 4 EETS
55, 10,000 24000 946 . 204, 13,6 89
726 18,180 14818 2196, 265, 15:.5 91,
570 10.530 20105 1058, 119¢ 16,0 95,
78, 14,290 14429 B9%, 117, 15.6 100,
58e 6250 1.250 698, 124 14,9 87
60 12,500 2500 929. 155, 16. 4% B6a
32 14,290 5.T14 1199, 120, 15.5 89,
58. 10000 1.000 1485, 483 e 140 2 93,
454 12.500 1,250 803 209, 13.9 97
66, 20,000 20400 1511a 103, 15,2 93
82 14,290 1e429 966, 25)e 1545 916
264 9.091 1455 1004, 2N0a 16.3 87
45, Qe 29 2¢857 932 204, 13.2 99,
52 12,500 24500 1768, 423 1543 101.
780 10.000 4,000 1627, 463, 15,9 101.
58e 12.000 46000 849, 1794 1449 B8e
67a 10,000 0.000 927 128 146 6 964
by 6s 667 20667 1340, 266 157 95,
b4y Be333 L. 667 732 2334 13.8 Bba
43 11.110 26222 136, 178 15.9 854
23 B+250 1.250 997, 204 1564 B7e
76. 120500 ZaSQO 7600 2(1'70 14e 7 93,
26 20,000 2+ 000 1475, 1326 11.6 T6.
67 9,091 1.818 13604 217 1463 93
69. Tel43 3.%29 8024 448, 13,6 Db,
624 13.200 24400 1241, 363, 18e¢4 94e
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IV

Details of 181 nen-pregnant women attending a

Johannesburg family planning clinic (group IX)

A - age (years),
B -~ parity.

C - serum vitamin B concentration (pg per ml).

12
D - serum folate concentration (ng per ml).

E - red cell folabte concentration (ng per ml).
F = haemoglobin concentration (g per 100 ml).

G - mean cell volume (/us)a

H ~ years since last pregnant or lactating.
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286,
: Group IXa - 74 subjects not receiving hormonal
2 contraceptives
| ]
§ A B c D E P e H
] 30 2a 1368, Sed 228e 1304 101, Ba
; 39, %o 1595, 640 2164 13.2 9% ba [
! 346 56 1093, 3.2 23% e 13.8 884 Yo
: 420 3a 1098, 6.0 347 119 TTe Ba
: 360 2. 1093, 400 258 14e?2 89, 6o {
; 24, Lo 1220, o8 289, L4e3 88, be ;|
29s le 1074, 4e 193, 12.9 844 106 ‘
36 5 1207, 286 304 11.0 5. 6a |
39, 3e 1270 bob 181, 1445 80, b )
27. 3. 893, 4,0 182 15.2 88 3. ;
31e Je 1074o 440 154 1404 93. Coa U
40, by 797, 2.0 157 136 83, 12 f
28 1. 1610 346 N2 N7 bTe 2e ﬁ
28e e 694, 9.0 202 1405 Ghe 5 f
49 e Za 1322u 6¢O 249& 15»8 B3, Te ?
27s 24 575, 2.8 15)a 1345 83 o i
326 Ga T96e 6e2 2610 1460 1G1, Te !
38 4o 8734 5.0 229, 12,7 82 Fe |
27« Ze 890, 5¢6 263, 1061 1T 3. !
304 b 703 340 100. 13,3 874 Le {
27, £ 631, 240 116, 127 87 lo !
20, 5 1785, 5.2 2764 13.6 BRe 2e %
24 la 1251, 56 169, 1440 8. Ge ;
32 Ge 1032, Teb 218a 14.8 98 Le
200 l' 101.‘3w 5’4 230& 1303 88- 1( !
268 la 1067 4a 0 333, 1546 0. le : i
24, 2o 500, 3.0 236 14,0 93, 4 ‘ i
; 224 2 T2%a 8.0 b4b, 13.6 RO Ce i
! 25, le. 1104« 46 0 26h, 13.5 89. 2 .
i 2B 2 669 448 3724 1443 95, 3. ;
| 28e Ze 614, 408 2766 12,7 83, 2
35, 6o 635, 1.8 96, 15.0 85. le ;
25e le 2357 6.8 3070 14i1 89, Te E
32, 4o 653 462 199, 13.9 90 4o ; §
206 1. 808, 2.6 162, 1346 80. 1. |
28 2 910 346 190 1445 Qb le
29- 2- 13580 3.2 1?00 13¢6 87¢ 3.
35, 8 851 206 147« L4l at, 2. g
29 Yy 1877s 24%a 8 493, Y47 91. 1a ;
32 S5e 1018, 446 159, 1445 90 le f
26e 2 863, 8.2 388, 1041 184 2e : |
30 e TT1. Teb 27%e Y444 90 le {
25 2 B889. 1362 426 1245 864 Je 1
340 S5e 713& 8»4 221 13&8 86» la {
35. le T73a 3.6 210 1le 6bo A,
28s e 1934, 5.8 197 13.9 85, 6a
220 le 1694, bob 144, 1248 88 A
{ 314 ba 1122, 2.0  115. 1247 81, 1.
; 250 le 1199 568 148, 13.2 58, e
22- Ca 1439, 1le2 134, 14.9 99.
45@ Te 1203, 202 1350 1440 92» 1.
23. 2 1133. ut 101, 13.1 88 1.
286 %o 1365. Jeb 2585 137 93, 2
240 Yo 1543, 510 2130 13,4 924 1,




e Y

287.

A B C D B F G H
42 5 817 Je6 83, 9.8 88 1.
300 3e y 11220 508 631n 14‘00 964: 10
20@ Do 74’9# 808 4‘210’ 15-1 90:

29" 2e 963, 2460 271, 1467 BSe 2e
286 3o 1667, 5.6 658« 144 B4 le
37 2 978 266 158 9.2 B3 leo
28s 2e 1337 262 187, 1461 97, 1e
270 2a 7854 506 228:! 1209 89, 1.
22 la 18364 bo 4 208 l4¢2 9% le
30, 4o 1833, 246 151 1301 824 1o
27 2e 1926, 340 185 1248 88 le
bbe S5s 1031, 2¢% 104, 91 T20 1s .
30 2e 1022, Telt 23La 12.5 92, la
27 3e 1273 2a6 170 118 92 Le
3 e 1658, 22 158, 1262 " 95 le
27 2e 14684 8eb 3464 1245 89, Te
25e 2e 1365, 10.6 298, 12.9 93. by
2% Se 2628 1048 667s 1349 90, G
30, 2o 2367, Yho b 253, 12.3 876 Ye
31, b 1917, 1066 262, 1244 89 la
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288.
Group IXb = 75 subjects receiving oral :
contraceptives )

A B c D E ¥ G H i
406 6o 1330, 2+ 8 240, 16.1 87 3a i
266 1o 14254 5.6 186, 11.8 T6a 54 %
286 Ge 1159, bo b 157. 128 79, 3 i
33. 3 13030 5¢ 2 179 13.7 B4, 79 :
30. L 9024 498 171 14,9 83, 5 }
25 2 1138, 406 188, 1245 93 1. §
39, 3o 1124 5a2 2664 14,8 85, Te |
25, 2e 1083. %a 118 1440 84a 2 ¢
30 26& 686, Be b 2T%e 1462 86, 3o 5
226 le 845 3.8 274 1665 BB 26 §
300 2e 710, 5.0 349, 14.0 89, Te ;
29 2o 1092, 3ed 165, 4.4 98, heo E
304 2o 1159 2eb 254, 16o4 89 g i
27 la 1391 Ge 2 231 1446 82 He :
43, Yo 17964 840 367 1761 90 64 ,
22s 1 1184, Lo b 221a 15.2 924 2e {
316 le T66s 268 180, 1546 90, 3, ﬁ
38, 54 840, by 203, lbe 2 87 40 %
2%n 2a 1254 4o 2 172 1248 79, 2
28, 3e 1075, 4o 8 16, 1440 Bbe e 1
25, 2 2243, 3.2 103, 1o 1 95, b !
23 e 13634 8¢0 157, 14a1 82, 20 |
28w 24 990, hed 140, 14,8 3le Lle %
254 2 13430 206 181e 16a1 95, 2e i
254 1 796, 3.2 103, 149 92 2e
28! 30 6660 70& 2470 1409 930 30
42 8 5 868 2a & 136, 148 95, 3 N
27 2e 1107, 346 1564 15,2 92, 1. ;
27, 3 H64, Be & 287 13¢5 Y by '
304 Se 1085 3.8 157, 13.3 Ghe Se f
30. 5 B28., 44 0 242, 13,5 95. by {
25, s 950, 548 230, 1403 $7e Yo !
254 2a 2443, bab 224, 1249 92, 4y 2
25, 2e 1006, 440 209, 13.8 93, - ?
254 3 1041n 592 233. 13m3 96. 10 %
254 2 1301, 4e B 2220 13e% Qhe e ‘
28 1 1019, Qe b 35Q. 134 B2e 9,
26» ) 882, b4 b 361. 1442 93 1s
2le O« 1185, 170 344, 1560 95¢
279 S 10504 24 2004 1342 84, 2e
28 3 1358, KPR 132 1345 83, 29
38 be 1387. 546 312 13.8 93 le
300 4Q 11690 556 215& l402 850 5- |
23, 1. 990, 3.2 100, 1344 87, by *
2% e 14684 7.0 100, 12.9 93, S5e
300 Bn 820& 4n6 257Q l3t9 84n 12» E
27 la 904 a To & 2964 1325 89, 10 1
28 e 840 Be 0 341 124 85 Ze
37 2 1067, bo 8 {864 13. 8 9, 3s i
40 Yo 1014, 5.2 197, 131 93« lie
244 3 940. 79“ 193, 12.7 924 2e
36, S5a 701, 5.0 198, 13.2 Rbe be
3l Y w 90, 5,0 1980 13,1 854 2.
32 1e N 918, 8,0 244 1448 86 Ge



289.

A B C D B F G H
284 2 946, beo 184, 14,1 Bboe be
24‘0 le llBBu 600 336, 1492 BBe 1(1
240 La 2014 6e8 2594 137 RBe 4o
32s 3e 1191, 266 187, 13,7 80, 5
346 bo 941, 52 202 14,5 B5e 10,
2ba 3 11720 562 2024 1468 Tée 10,
29 3 630, 4o & 296, 13.1 T7e 5a
31 2 935 202 232 133 854 13,
244 3a 672 4ol 2736 1he2 B8a be
20c 1. 1.228& 2'!0 1286 156!0 890 2.
230 Le 1133, Ge 2 2426 1446 91, 3o
26a 2e 1735 468 370 13.3 88 a lo
34, Je 1336. 400 274 13,8 9 7-
31, 2e 1073 4o 2 302 1540 97 5o
21e le 1372, 13.4 447, 1261 86 Ha
21, 1e 2479, 12.0 4120 126 91 ba
29 56 899 be b 11‘3.79 10.4 700\ 3e
30 3. 943, 4 8 258 133 90 3
28 Ze TT7e 648 240a 127 Bba Ge
30. 2 9874 6.8 419, 1368 98 1.
32 bo 1110. 11.6 355, 1328 Bbe 3.
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290.

Group IX¢ =~ 32 subjects receiving "Depo-Proveral

A B C D E F d H

304 26 1257, 4o 137, 14.8 B8 11,
3w 2o 910, 840 259, 1468 Qb 54
30 5o 827 Bat 205, 1465 9le Do
31, Lo 1193 5.8 298, 15,1 90 3
29a £ 8Bl2a 62 1264 1469 B4, Le
32a e 116, ho?2 28%e 12.8 85 Le
30, 4, ?534 4o b 208 That 93 1,
36 e 7786 500 211 1545 90 2
330 6@ 12080 5@6 217. 1302 850 Bn
37 6o 590e 6% 113, 13.2 79 le
330 2o T4 6e8 209, 15.8 B54 la
260 60 732a hab 213, lﬁaé B3, 3&
32. 5e 867, 366 2500 1448 92 Gy
25& 1l 821# 3.8 1484 129 85, 2w
27 2e 679, Seb 197, 146 BSa le
38, Be 559, 3.0 201, 13,9 85, Te
31 b 364, 6-4 1950 l3.5 B5e e
29& 4y 21120 3¢2 200, 1463 9l. 6o
32a 3 10640 T b 2“14 1408 80¢ Te
310 ba 18770 5-2 178e l@ol 84: 2
34& 4o 922 And 83, 1542 97 Se
38, 1le B73. 460 247, 13.1 964 le
20 2¢ 2251 542 L29, 15.8 Qha 3.
33- 70 1256; 4'@ 2490 14~9 96o 10
24 s 3985, 64D 274 1262 Ble L
29, 30 Q09, 4@2 267& anB 950 1%
23 Se 10323, 706 2544 lao 4 84a 2¢
35, b 11564 4.0 204, 1441 86 Se
3. Se 1192, 700 3540 11.3 655 2
41, 9 1653 6.0 268 1de 13 L
32 6a L1602, 540 240, 14a6, Q3 Za
28e le Ie 1 Qe & 340, 14a 1 *3, 8e
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