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STUDIES ON FETAL TISSUE STORES OF IRON
PATERNAL

IN RELATION TO YRON STATUS, GESTATIONAL

AGE AND FETAL GROWTH STATUS.,

7
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Blood hemoglobin levels at birth are founa to be
of the order of 20-22 g/dl (Toverud et al, 1950; lLanzkowsky,
1960; Bhatt et al, 1969), but this value declines to
about 11 g/dl by the age of six months even-in well nouri-
shed populations (Sﬁurgeon, 1954; Guest and Brown, 1957).
This decline inuhemogiobin concentration is compénsated ‘
by an increase in total hemoglobin from an estimated 62g
at birth to 71g at six months because ofizacreasg in
blood volume from 285 ml to 480 ml. This represénts an
increase in total circulating iron from 210 mg to 240 mg.
Assuming a milk secretion of 700 ml, the total ergenous
sdpply of iron would be of the order of 188 mg for
six. months and much less than this if the availability
of iron which is not more than 20% even under very
favourable conditions is taken into account., This means
that a substantial portion of the iron needed for the
_hemoglobin synthesis would have to be met mainly from
the body storés acquired during fetai life by placenﬁal
transfer. Practically all the iron used for hem?globin
synthesis during the first 3-4 ménths of life was found
to be acquired before birth (Smith et al, 1955).
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Mpst of the storage iron present at birth, mainly| in

the liver, is found to be depleted during the suckling
period in order to maintain hemoglobin synthesis in a
variety of memmalian species (Bruckmann and Zondek, 1939;
Widdowson and Spray, 1951; Smith et al, 1955; Ramage

et al, 1975) suggestiné the iﬁportance of acquiring

adequate iron storés‘before birth,

It has also been suggested that stores acquired
before birfh are not likely to be adequate in inf?nfs
born of anemic mothér, as such infants show an earlier
onset of anemia of infancy (Strauss, 5933; Woodruff and
ﬁridgeforth, 1953; Lenzkowsky, 1961; Bhatt et al, 1969).
However, no data are aveilable on the effects of maternal
anemia on the amount of iron transferred to the fetus ol
birth, a question of some importance as the transblacental
delivery of iron is replaced before‘birth by a smaller and

less consistent dietary supply after birth.

The present studies were undertaken in this context
to study the relation between the maternal iron status and
fetal iron stores. Coﬁparative studies were made in women
belonging to low k gnd high income groups and consequently

differing in their nutrition status.
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The data on fetal weights and liver weights in the
low and high income groupé are presented in Tgblé-16 and
those of spleen and kidney are presented in Tablés-17 & 18.
As may be expected, the weights of the whole fetus and
of the liver, kidney and spleen increased with the
progress of gestation. The fetal weights are less than
those reported in the west for corresponding gestationél
age by other investigators (Widdowson, 1968; Warwick:and
Williams, 1973; Montreewasﬁwét and Olson, 1979) but the
value fo; ?8 weeks were’similar to those reported by ,
Abravomich (1969) and Apte and Iyengar (1972). When fetal
’ weights we?e‘considered as percentages of expected weights
if%r gestational age using Widdowson's norms (1968), the
values for the two groups were found teo be comparable in
early pregnancy but some deceleration of growth was
;observed in low income group around mid-pregnancy.

The deficits in fetal weight as compared to Widdowson's
norms (1968) are consistent with differences in birtn
weights (Thomson and Hytten, 1966; Rajalakshmi, 1971).

The social Cclass differences are in accordance with the
higher proportion of small for gestational infants among
poor (Achar and Yankauer, 1962; Udani, 1963; Rajalakshmi,
1971). The deceleration of fetal growth in the iow income
group around mid-pregnancy ié consistent with ot?er '

observations (Bhatt, 1982; Iyengar, 1984). In this
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connection,the concentratioﬁ of several nutrients:such as
vitam;n A,'calcium in fetal tissues and overall growth

~ is accelerated after mid-pregnancy when nutritional
requirements for the growihg fetus are much more fhan at
early stages. It is noﬁ surprising that fetal growth is
more affected in later stages of pregnancy by maternal

malnutrition.

Liver iron concentration did not show much variation
with gestational age and no significant difference was
observed between the two groups with regard to liver irop
concentration but a significant difference :i.n‘cc')ntent was
found because of fetal size, and consequently livér size
(Table-16)(Figure-7), Spleen and kidney iron concentration
decreased with'the progress of gestation but content
increased and no difference was observed between the two
groups with regard to their concentration in early pregnancy
but the difference was significant in’ later pregnancy in case
of spleen,whereas total amount differea because of difference
in fetal size, and consequently spleen and kidngy size
(Tables-17 & 18). These observations are supported by
Apte and Iyengar (1972) who found concentrafions of
0.31, 0.33 and 0.29 mg/g for gesfational ages 24-28,

28-32 and 32-36 weeks respectively. Howéver, for%the
newborn infant it is the amount of iron and not the

concentration that is critical. ;Even with regard to
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concentration in liver and kidney, a trend in favour of
the high income grouﬁ is found in late pregnancy but the
difference falls shoft of sigﬁificance perhaps because
of small sample size in the upper class who tend to
terminate their pregnancy as soon as possible aftér
conception, In this connection, Bothwell et al.(1958)

- on the basis of ferrokinetic studies in the rabbit,
suggested that the amount of iron going to the fetus is
proportional to the increase in weight of the fetus,

The ratiéjof iron to body weight remains relétiveiy
constant through ouf pregnancy at an average level of
75 ‘mg/kg according to Widdowson and Spray (1951).

When the present data were calculated in terms of Liver
iron per kg of body weight sociél class differenqés were

more apparent, specially in later pfegnancy (Table~-19).

The values for maternal hemoglobin, serum iron and
total iron binding capacity afe weil in agreement with
the values reported by several investigators and previous
studies in this laboratory (Dave, 1980). Méternal blood
hemoglobin, serum iron and total iron binding capabity
did not differ significantly in the two cétegories
(Tables-20, 21 & 22)., However, the value of blood;
hemoglobin and maternél serum irédn tended to be hi%her
in the case of the high income group, reflecting

differences in iron stores.
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When the values for liver (total) iron were calculated

as percentages of the value at term given by Widdowson and
Spray (1951) in the two groups, a much slower acquisition
" of iron in the low income groué is sdggested from the data
of Table~23, The patterh of accretion in liver is similar
to that observed for the accretion of total iron in the
body with the progress of gestation reported by Widdowson
and Spray (1951).

Since the two groups differed with regard to liver,

spleen and kidney iron content, the data on ifon content
and ‘
and concentraticnégf fetal weights were analysed as shown
(Figure=~8). ,

in Tables-24, 25 & 26{ Social class differences were
found with regard to liver iron content but not with regard
" to concentration. Social class differences are suggested

before mid~pregnancy.in iron content even for fetuses of

combarable growtﬁ status.

Y

The differences in the pattern of accretion 5f liver
iron in the two groups suggests that the preterm infant in
the low income group may be more vglnerable to ifon
deficiency, spegially, if postnatal nutrition is also
unsatisfactéry. This may also affect blood hemoglobin
levels.at birth and consequentiy its respiratory capacity.
In this canﬁection, poor:iron stores in premature infants

are reported by Widdowson and Spray (1951). This might
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FIGURE-8 FETAL LIVER IRONSTORESSS
IN RELATION TO GROWTH STATUS IN |
LOW (L1G) AND HIGH(HIG)INCOME GROUPS.
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alsé apply to the full term infants subjecfed to intra-
uterine growth retardation és’suggested by the data in
Table-24, This is consistent with the observation of
Hussain (1968) who found no significant’difference '
between the congenﬁration of irgn in livers of 26 small
and 56 large babies at birth but the total amount of liver
iron in small babies was significantly less than #hat
in.the livers of large babies. A similar pattern'is
observed with regard to total body iron at birth ﬁhich
is found to be less in the low birth infant, although,
the ratio of total iron to body weight is not aff§cted
(Worwood, 1977). Since low birth weight infants
(including premature infants) have a more rapid rate of
posthétal\growth under satisfactory conditions, they are
likely to exhaust their iron storgs at an earlier age,
sovﬁha t the requireménts for exogenous iron in sﬁch
infants may be greater (Shculman and Smith, 1954;
Gorten and Cross, 1964; Lundstrom et al, 1977; Committee
on Nutrition, 1976) so that the dependence on dietary '
iron begins earlier (Layrisse et al, 1974; Bezwoda et al,
1979).  In these infants, the nadir in concentration of
hemoglobin is much lower than in the normal weight term
infant and is followed by a much higher rise in réticulo-

cytes counﬁ.‘ . |

i
i



A‘furtﬁer analysis of data showed that variations
in maternal blood hemoglbbin levels had no impact on
liver iron with regard to either concentration of content
(Table-27). This was also true of maternal serum iron
and serum total iron binding capacity in the low income
group (Tables-28 & 29). But in the earlier stages of
pregnancy in the high income group liver iron coﬁcentra-
tion was affected by maternal serum totgi iron binding

capacity (Table-29).

s

These observations are consistent with those of
Lanzkowsky (1976) who found no effect ©f maternal iron
status on fetal iron stores and number of others
(Botﬁwell and Finch, 1962; Bothwell, 1966; Hunter, 1978;
Murray et al, 1978; Murray and Stein, 1971) who found no
effect on neonatal iron stores. It is also reported
that the transfer of iron across the placenta is
unidirectional and an active process, independent of
maternal iron status and may even induce iron deficiency
in the mother to accomodate the demands of the fetus
(Lanzkowsky, 1961; Lanzkowsky, 1961a; Shott et al, 1972).
Ahmed et al. (1983) have reported a correlation between
maternal hemoglobin ievels and total fetal stores
(expressed as mg/kg body weight) but fetal age is not

specified. This trend was not found in the present studies.
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In conclusion, liver, spleen and kidney iron
stores in human fetuses were found to increase with the
progress of gestation, the accretion of the same being
poor in the low income group mainly because of the
smaller size of the fetus. It also appears that fetal
size rather than maternal iron status is a critical
determinant of liver, spleen and kidney iron stores,
and that, even with anemia in the mother, iron is
preferentially transferred to the fetus. However,
premature infants and full term infants with low birth
welghts are at greater risk of earlier onset of anemia

because of a smaller size of their liver stores.

However, it must be pointed out that the present
studies were confined to tissue iron and no attempts
were made to determine hemoglobin in fetal blood or

estimate blood volume. It is quite conceivable that

maternal iron status has an impact on circulating levels

of iron in the form of hemoglobin as differences in
fetal size can be expected to be associated with differ-
ences in blood volume and possibly blood hemoglobin

levels,

L]



STUDIES ON NEONATAL IRON STATUS IN RELATION TO

MATERNAL IRON STATUS, GESTATIONAL AGE AND BIRTH WEIGHT

Maternal iron deficiency and anemia have been
reported to influence iron metabolism in the infanf and
to be associated wifh a high incidence of preterm énd low
birth weight babies (Widdowson and Spray, 1951; Evers, 1966;
Roszkoﬁski et al, 1966; Whiteside et al, 1968; Fleming,1974;
Wintrobe, 1974; Bogden et al, 1978; Singla et al, 1978)
and poor iron stores at birth resulting in an earlier
onset of anemia of infancy (Straus§,‘1933; Woodruff and
Bridgeforth, 1953; Lanzkowsky, 1961; Bhatt et al, 1969).
éuch anemia also accounts for a major proportion of
matefnal mortaiity; about 20% in regions such as Gujarat.
On the other hand, mariy pregnant women with hemoglobin
concentrations in the range of 3-5 g/dl\pass through labour
without any apparent ill effects (Tasker ég al, 1956).
The results of studies on the correlations between iron
"~ levels of the matefnal and cord sera are conflicting with
the few investigators showing a very high correlation
(Sanchez-Medal, 1969; Nnonoli et al, 1975; Singla et al,
1978; Zittoun et al, 1983) and others showing no such
correlation (Vahlquist and Serumeisen, 1941; Sturgeon,1959;
Shott et al, 1972; Murray et _al, 1978a; Jansson et al, 1979;
Bartlid and Moe, 1980; Vobecky et al, 1982). FPrevious studies

{
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in this laboratory on cord and maternal blood hemoglobin
levels suggested a significant correlation between the

two (Rajalakshmi and -Ramekrishnan, 1969).

Thus p}esent studies were unﬁertaken in this
context on the iron status of the neonate in relation to
gestational age, body weight and maternal iron status.
Iron status in both neonates and mothers was assessed by
blood hemoglobin, serum iron and total'iron binding

capacity.

The mean birth weights (kg) of full term
infants were 2,70 % 0.06 in the low income group‘apd
2,94 ¢ 0.06 in the high income group (Tables 30 & 31).
The mean birth weights of infants born in low and high
incomé groups are similar to those reported by others -
(Kulkarni, 1959; Achar and Yankauer, 1962;‘Udani, 5963;
.Rajalakshmi et g;; 1978). The social class differences
are in accord with the higher proportion of small-for-
gestagional age infants among the poor (Achar and
Yankauer, 1962; Udani, 1963; Rajalakshmi et al, 1978).
The difference was greater in the premature infants.
The mean birth weights (Kg).in this category being
2.23 % 0.14 and 2.55 & 0.14 respectively in the two
groups although the mean gestational ages was some@hat
greater in the former (35 weeks) than in the latte;

(33 weeks).” The possibility of some catch up growth
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in late pregnancy is suggested by a greater social class
differences with regard to birth weights in premature

infants as compare to full term infants.

Maternal blood hemoglobim, serum iron apd serum
iron binding capacity were analysed in relation to
gestational age and cord blood levels (Tables 32,33,34).
The values are similar to those found in previous studies
in this laboratory (Rajalakshmi and Ramékrishnan, 1969).
Cord blood hemoglobin and serum iron levels were found
to be higher fhan those in maternal blood. The‘higher
level of hemoglobin in the infant at birth is a wéll—
known phenomenon, Similar observations have been made
with regard to serum iron by Beal in 1980, This is
attributed to the release of iron in the form of
transferrin at the maternal end of placenta and its
rapid transfer to the fetus in the form of fetal transe
ferrin. Contrary to reports obtained.elsewhere
(Alvarez et al, 1974; Karotia et al, 1976; Haridas and
Acharya, 1982), no increase was found in cord blood
" hemoglobin levels with the progress of gestation,
but a slight decline, although not a significant
decline was observed in maternal hemogl@bin levels in
the low income group, but not in the high income group.
A greater decline with the progress of gestation has

been found in previous studies in this department.
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This could be due to iron-folate supplementation during
tpe laterstages of pregnancy which is part of community
hnealth care at present and a majority of these women
were beneficiaries under this programme. The present
ustudies are cross sectional with appreciable intra-group
variation and berhaps this has obscured the small
differences which were found in the  longitudinal studies
carried out earlier supplemented by cross sectional
studies with a larger sample size. Social class
differences were not observed either in premature infants
or full term infants with regard to these pargmefers but
maternal blood hemoglobin levels in high income group
were somewhat higher than in low income group in both
categories although the differences fell short of
significance. This small difference was, however,
assoclated with a highef proportion of women with hemo-
globin levels less than 11 g/dl in the low income group
(47% in low income group as compared to 34% in the high

income group).

Maternal serum iron levels were fUrthef analysed
in relation to birth weights (Table 35). In the low income
group, the correlation between maternal hemoglobin and.
birth weight as per cent of those expected for gestational
age as reported by Widdowson (1968) was 0.272 (P /0.001)
and the corresponding value for maternal serum was 0.229

(PLO¢OZ). The corresponding values for the high income gfoup
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were 0,125 (NS) and 0.23%6 (NS). This is consistent with
the greater variability of all the three in the low income
group which includes a greater proportion of women with

low levels of blood hemoglobin as mentioned earlier,

Thus maternal iron status seemed to have more
perceptible effect on infant iron status in the low income
group. Similar observations have been made Qith fegard
to other nutrients such as vitamin A (Shah and Réjalakshmi,
.1984) and vitamin B (Shah and Rajalakshmi, unpublished).
Also, Fleming (1974) and Singla et al. (1978) showed that
moderate anemia in the & mother (hemoglobin less than
10 g/dl) may be associated with fetal growth retardation.
However, no correlation was found‘when absolute weights
were used for the analysis, presumably because the
differences in gestational age would obscure the picture.’
Prodﬁct-momenﬁ correlations for gestational age and
birth weights"were found to be 0.275 in low income group
(P/0.01) and O.414 (P /0.01) in high income group.
Héwever, this could be due to individual differeﬁoes in
the stage‘when the 'catch up'! growth which is found to
occur towards term in the i@ﬁﬁﬁiﬁ@gﬁ%@ﬁi@ﬁiE%Egiézgﬁgﬁ
in view of the observetion that in other studies,

a wide varistion is found in the pattern of maternal

body weigpt changes during this period.
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A high correlation between maternal and cord blood
hemoglobin was observed in both premature and full term
infants in both low and high income groups (Tablé 36}).
The values for premature and full_term infants were
therefofe combined and the product-moment correlation
was found to be 0,41 in the low income group and 6@71
in the high income group (Table 35). In the case of
premature infants taken as a separate category, however,
the correlation was higher in the high: income- group
(0,90) than in the low income group (0.57). This is
perhaps consistent with the greater maturity of the
pre~term infants in the high income group as compared to
the low income group as judged by several criteria such
as, body weight, serum levels of vitamin A and E
(Shah, 1986). Similarly, cord serum iron levels were
found to vary with the concentration of maternal serum
iron (Table 37). The correlation between the two were
significant for both premature and full term infants in
the low.inoome group but only for the premature infants
in the?igg income group. The values for the two
categories combined were 0.485 for low income group
and 0,184 for high income group. A less clear cut
association was found with regard to serum total iron
~ binding capacity (Table 38). These significant correla=-

tions between maternal and cord levels of bloed
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hemoglobin as well as serum iron suggest that maternal
iron status has a greaﬁer deleterious effect on the
circulating iron in the neonate possibly because of
differences in maternmal iron store and transport
mechanism. Thﬁs making the infant born'of anemic
motheré appear to be at greater risk of prematurity and
earlier and more severe anemia of infancy. This is
consistent with the observations ﬁade by‘number of
investigators (Sanchez-Medal, 1969; Nhonoli et al, 1975;
Singla et al, 1978). Similar observations have been

made in case of vitamin A (Shah and Rajalakshmi, 1984).

A positive correlation was also found between
blood hemoglobin and serum iren in both mothers and
infants in the low income group but not in the high income
group (Table 35), A similar pattern is also reported by
Zittoun et 33;..,(1983)- ~ ‘

The observation that blood hemoglobin is affected
by anemia in the mother is of great importance as hypoxia
and respiratory distresss .are critical factors associated
with neonatal morbidity and mortality and both may be

aggravated by low levels of hemoglobiﬁ in the infants.

Thus the present studies sﬁggest that maternal
blood hemoglobin and serum iron levels have a significant

influence on circulating iron levels of hemoglobin in the
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newborn suggesting that hemoglobin synthesis is affected
whereas studies on fetal liver iron showed no correla-
tion between either maternal blood hemoglobin and serum
iron le%els; on one hand, and fetal liver iron concentra=-
tion, on the other., These differential effects on
storage and circulating iron may represent a biological
adaptation as a satisfactory oqncentration of iron in
liver at birth sustainé the infapt in- the postnatal
period when the diet (milk) is poor in iron and the
demand for iron is very high becguse of the rapid
increase in bloed volume from 285 ml at birth to 480 ml
at 6 months and in total circulatiﬂg ircn from 210 mg to
240 mg, Moreover, although liver iron concentration is
not affected’ in the fetus; total liver iron is affected
as fetal weight and liver weight are less in the low

income group than in the high income group.

The results of these studies considered together
witﬁ fetal studies suggest even if liver iron concentra-
tion is not af%ected, maternal anemia may be a critical
in determinant for the size, iron status and vitality of
the new born. Should the deficit in blooduhemoglobin,
serum ifon levels be combined with a deficit in b;ood

volume, the consequences would be even more serious.

These observations emphasiBethe importance of treating



and preventing anemia of pregnancy and emphasize the’
~relevance of public health measures taken in this
country in the form of irqn-fc}ate supplementafian
to the pregnant women, particularly in the low income
group, the need for more extensive and effective

implementation of this programme.

121
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FETAL AND NEONATAL MAGNESIUM STATUS IN RELATION TO
"7 MATERNAL NUTRITIONAL STATU‘S-c

The adult human bedy contains 21-28g of magnesium
or about 43 mg/100g of fat free tissue (Widdowson et al,
1951), half of it being in the bone and the other half

being distributed between muscle and other soft tissues.

During &evelopment, the proportiqnate distribution
of various organs to “the body varies at different ages.
For example, the brain accounts for a larger proportion
of body weight in the fetus or the newborn than in the
adult. Similarly, fetal heart muscle, iiver and kidneys
reach adult composition before the skin and the skeletal
muscle suggesting differences in their pattern of
development consistent with ontogenetic priority
(Widdowson and Dickerson, 1960). Skeletal musclé accounts
for about éB%vof thelweight of the newborn infant and 43%
of the weight of adult man (Wilmer, 1940). In addition,
the composition of muscle'changeS'more with respect to
magnesium, creatine, etc., than that of‘any other soft
tissue, and muscle is the first to be affected by

nutritional stress (Widdowson and Dickerson, 1964).
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-

It is well known that during development, fhe water
content of skeletal muscle decreases and that this is
accompanied by a fall in the concenfrations of the chief
extra cellular ipns, namely, sodium and chloride
(Needham, 1931; ¥Yannet and Darrow, 193%; Hines and
Knowlton, 1939; McMeckan, 1940; McCance and Widdowson,
1956a; Widdowson and Dickerson, 1960). This is associated
with an increasecin protein (Needham, 1931; McCance-and
Widdowson, 1956b) and intracellular constituenté:such as
nitrogen, potassium and magnesium. These changeé are
suggestive of a decrease- in thé percentage of extraceilu-

lar fluid and an increase in cell mass.

In fact, it has been known for at least 100 years
that fetuses and newborn animals contain a higher proportion
‘of water than do adults of the same species (Von Bezold,
1857). This is to some‘exfent accounted .for by an
increasing proportion -of fat in the body; but even on a
fat-free basis the percentage of water in the whole body
falls from the embryonic. period to some time inlpostnatal
1;f9.‘ Thig percentage then bec&mes approximately constant
at an age which varies from species to species, This
'steady state' was termed by Moulton (1923) as 'Chemical
maturity!'. ‘
As mentioned earlier{ the sequence of ontogenetic

development of different tissues varies with the nervous
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system, the skeleton and the heart developing earlier and
faster than other tissues such as the skin and sﬁeletal"
muscle. This is also reflected in their biochemical
ma%uration. This is particularly true of embryonic

and fetal stages of development.

A progressive increase in total magnesium content
with fetal development, a large proportion of which is
present in muscle has been reported by McCance and
Widdoﬁson (1956a). " On the other hand, Apte and Iyengar
(1972) concluded from-their studies on 30 fetuses
(gestational age - 20-40 weeks) that total ‘body magnesium
increaéed with body weight upto 1.7 kg but not thereafter’
(Table-39).

Aiso, studies in this laboratofy on fetal deve-
lopment and its relation to maternal nutfitional‘status
have shown that the concentration of some of the .nutrients
in the fetal tissues are affected by a low plane,of
maternal nutrition (e.g. vitamin &) (Gal et al, 1972;
Underwood, 1974; Shah, 1986), whereas others are not
(as discussed in an earlier section on iron) and bone
compositidn (Satya Prasad, unpublished) but size is

affected,



TABLE-39 :

Fetal magnesium stores in relation to

125

body weight*

------------- i - T Magnesium content
Body weight(e) | . | e/ke
L Ra?%i % L . Lfﬁt free tissue

Mean + S.D,.

200 - 500 2 0,062 + 0,034 0,158 + 0,037
500 - 800 3 0.128 & 0,006 0.199 + 0,039
800 - 1000 6 0.198 + 0,006 0.204 + 0,004
1100 - 1400 7 0.216 + 0,076 0.180 % 0,056
1400 - 1700 5 0,241 % 0,083 0,203 + 0,048
1700 ~ 2000 3 0.377 + 0,036 0,225 + 0,006
2000 - 2300 5 0.436 + 0,039 0,221 + 0,074
2300 - 2600 4 0,530 + 0,009 0,261 + 0,0009
2600 - 2900 A 0.562 + 0,079 0,234 + 0,032
3200 - 3500 2 0.728 + 0,63  0.256 + 0,0736

+ Apte and Iyengar (1972).

. n = number of observations,
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Since muscle is one of the tissues more vulnerable
to nutritional status, the question arises as to whether
the magnesium content of fetal soft tissues is affected
by a low plane of maternal nutrition. This is particularly
relevant for the muscular vigour of the newborn infant
which is critical for its postnatal development. For instance,
postnatal nutrition is derived entirely from breast milk
among the poor, and it is well=known that lactation
performance is influenced by the vigour with which the
newborn can suckle at the breast, which, in turn depends
on the strength of the facial muscle (Mentagu, 1962, 1979).
Similarly, vigorous crying by the infant helps in

strengthening lung function.

The present studies were undertaken in this context
to determine the relation between fetal and neonatal
magnesium, levels and materﬁal nutritional status, using
as criteria the magnesium concentration of selected tissues
in the case of the fetus, and that of the cord and
maternal serum levels of magnesium in the case of the

neonate and the mother. ;

Fetal weights and tissue magnesium concentrations
at various stages of fetal development are shown in
Table-40, Fetal weights increased with gestational age
as may be expected. The fetal weights were less than those

reported in the west for corresponding gestational ages



N
I4)
— - - — _ _ )
9L*0¥29*0 - 20°0+0ZLl°0 02°0%0L°0 50 °0F8H°0 Z0°0FHL°0 LO*0F60°0  2U8LU0n
. 1Iesy
(ul) (iz7) (6) (s) (s2) (91) (3/3u)
90°0+92L°0  20°0¥¢hl°0  £O°0+22L'0  20°0%58L°0 20°0+5LL°0  #0°0FH8L*0 *oU0D
_ - - ! - _ o)
10*0%22°0 20°0%90°0 0lL°0¥62°0 £0°0¥80°0 ZO*0+90°0 20'0 ¥ 90°0  juoquon
(g1) (0£) . (o1) (<) (z2) (8) - (3/3) uesTdg
**roao+mmo.o LL°O+6CH0 LO*0+860°0 co°o+L04e0 6L*0+92C°0 €€°0*LGL%0 - *oU0n
- - - - _ - (+5u)
66°0+9G ¢ LL*0%GL°0 CH*LF60° G HE0FGZ L HZ2°0+56°0 L0°0¥LE°0  qusquo)
JI2ATT
(sl) (i77) (6) (9) (62) (6L) (8/3u)
LO®0F080°0 20°0¥860°0 LO*OFEE0°0  20°0+290°0 £0°0 F 20l°0C €0°0 ¥ 90L*0  *ouon
(9L) (617) (oL (9 (<€) (81) |
9°002 T 216 0°9lL T OlZ 0°0L2 T OWZL 9°LG ¥ 424  6'9l ¥992  9°zl F 9ol (3) quStem Apog
gesoyguated ur sqoalgns Jo *ou m.m.m F uesy
e e ———— T T e S S e T llll!lnllt...ll....l...lllll_lll.......llllll.a...mllllxllllllllll!ll
oz | oz 7 m 42 m 72-02 | - 02-91 i 9L-21

i

uoTqeas o8 JO SYoaM

- ——— -~ - - g 4 704 S 7 2 s T oo TS o S s e P W W W o ok by S A O o TS W A D S S g D S Tt P 0% S 0 o o e S S o W S o i M s S o e S s S

o o o= =

*SasNgaT

dnoad swooUT MOT UT §88e TeUoT1E1So8 QULI8IITP 18 SUOTLBIQUSOUCOD UNTSSUTBU anSST]T, ! O~TIavI



128

*G0°07 d x# ‘senrea sysam OZ UBYU3J SSOT JOF 9SOV WOJIF JUSISIITP SenTea UBS

(71) (G4) (6) (8) (1£) (71) mm\mau —
LO*0+7LL°0  €0°0%2¢Ll°0  Z2O°OF0L*0  €0°*OFLEL®0 CO0FHLL0  20°0FHLL°D *ou0)
- _ _ _ Awsv ~
#1L°0%69°'0  20°0FLHL°0 02 BH+68°0 90°0¥G¢ 0 20°0+8lL*0 20°0+60°0 qus3U0Y
: \ LsupTy
(9L) () (oL} _ (9) (82) (al) (8 /3u)
LO°0*C0L°0  LO®OFLLL*0  20°0¥L60°0  20°0%9LL°0 LO*O+00L°0  20°0+8¢L°0 *ouoY
......_....x.................ll...Jllllll....lllllll.l......llllll...l.....:.l!l....lilllllilml llllll l......l...l-.wllt!llillllllJ!I!lllIlllllllll!
0z m oz 7 m 12 m 72-02 | 0z=-91 bogl-gL m
uoTes98 JOo S)oap .m

(*PIUODY Of-Tiavi



123

(Widdowson, 1968; Warwick and Williams, 1973; Montreewésuwant
and Olson, 1979) but the values for 20 weeks are similar

to those reported by Abravomich (1969) and Lakshminarayana
et al. (1974). The deficits in fetal weight as compared

to Widdowson's norms are consistent with differences in
birth weights (Thomson and Hytten, 1966; Rajalakshmi, 1971).
Although the total amount of magnesium increased in all

the tissues, magnesium concentration (mg/g) did not show

a consistent trend with development, although some
suggestion of a decline was found especlally in the case

of the spleen. This trend was more evident when the

values for below and above 20 weeks were pooled together,
However, except in the case of the spleen, the differences
were not statistically significant. This is consistent
with the observations of Widdowson and Dickerson (1960)

for muscle and liver, This is also true of other nutrients
such as iron, as already reported, and vitamin A (Shah,1986).
Widdowson and Dickerson (1960) have alsoc pointed out that
the increments in mineral at each stage of development

are partly the result of the increasing size of the

body and partly the result of changes in chemical
composition,as for example, the decrease in water content
and an increase in the amount of solids, associated

with the increase in cell mass (Table-41).
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Values for tissue magnesium concentration are
in agreement with the only available values in the liter-
ature reported by Widdowson and Dickerson (1960), except
for the liver where the present series showed lower
values in comparison to the western values, In addition,
the total amount of magnesium in all tissues are much
lower., This is consistent with the only Indian study
of Apte and Iyengar (1972) who found total body magnesium
stores to be 6=9% less than reported in the West for
fetuses of corresponding weights. This is because of
lower fetal weight as compared to western norms at each
gestational age and therefore tissue weights. The study
also suggested that magnesium content increased with
body weight upto 1700g of fetal weight and levelled off

thereafter.

Tissue magnesium levels were analysed in relation to
fetal growth status as judged by weight appropriate for
gestational age. For this purpose, the weights were
expressed as per cent of expected weight fér gestational
age (Table-42). Fetal growth status did not have any
impact on magnesium concentration except in the case of
the muscle before mid-pregnancy (Figure 10), but no differ-
ence was observed thereafter, Total magnesium stores in
all the tissues were related to fetal size (Figure 9).

This is accounted for by the fact that muscle mass and
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FIGURE-10:FETAL MUSCLE MAGNESIUM
CONCENTRATION (mg/g) IN
RELATION TO GROWTH STATUS
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composition change to a greater extent with the progress
of gestation than any other tissues (Widdowson aqd
Dickerson, 1964). Muscle atrophies the most as ﬁhx a
result of prolonged undernutrition (Vincent and
Radnermeeker, 1959; Widdowson and Dickerson, 1964;
Wétérlow and Mendes, 1975; Heymsfield et al, 1982;

Lopes et al, 1982).

In this coanection, it has been suggested that
magnesium plays an important metabolic role during
exercise other than as a cofactor for many enzymes and
neuro-museciilar function (Lusaski et al, 1983). Further,
the reduction in Vo2 max (approximately 80% in the study
of Barac-Nieto et al. (1978) observed in severely
malnourished subjects is accountable in terms of
difference in muscle~méss (Viteri, 1971; Barac-Nieto et al,
1978; Spurr et al, 1983; Desai et al, 1984), It is also
known that in protein-calorie malnutrition, serum as well
as muscle magnesium levels are decreased (Metcoff, 1960;

Montgomery, 1960; Caddell, 1965; Mehta et al, 1972).

As mentioned earlier, wherever possible, attempts
were also made to correlate tissue magnesium levels with
maternal magnesium status. In spite of a lack of statis-

tical difference between tissue magnesium concentration
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and maternal magnesium levels, a significant trend seems
to be observed in early pregnancy (Table-43), tissue
stores of magnesium in human fetuses seem to'be affected
by fetal size rather than maternal status suggesting
that magnesium is preferably transferred to the fetus.
However, low magnesium stores at birth may pose a risk
for muscle~development and activities. As mentioned
earlier, the vigour of facial muscles at birth are
important, as it may be expected to determine the vigour
with which the infant can cry and suckle at birth which
are both important for stimulating and development of
the vocal chords and respiratory functions., In this
connection, the importance of breast'feeding for the
development of facial, dental and articulation in
children have been pointed out by several investigators
(Pottenger, 1946; Pottenger and Krohn, 1950; Bertrand,
1968; Broad, 1972a, 1972b, 1975).

As mentioned earlier, cord serum was analysed for
magnesium in relsation to gestational age, maternal magnesium
levels and infant size (Table-44), The mean birth weight
(kg) of full term infants were of the order of 2,76 and
2,87 in low and high income groups respectively (Table-4f).
The differenoeg was greater in premature infants, the mean
birth weight (kg) in this category being 2.18 # 0.14 and

2.34 % 0,14 respectively in the two groups. The mean birth
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weights of infants born in low and high income groups are
similar to those reported by others (Kulkarni, 1959;
Achar and Yenkauer, 1962; Udani, 1963; Rajalekshmi et al,
1978). The social class differences are in accord with
the higher proportion of small-for-gestational age infants
among the poor (Achar and Yankauer, 1962; Udani, 1963;
Rajalakshmi and Ramakrishnan, 1969; Rajalakéhmi, 1971;
Rajalakshmi et al, 1978). In the present studies, birth
weights were consistently greater in high income group
but the differences fell short of significance, In other
studies, social class differences in this regard were
found to be quite significant (mean birth weighfs of
premature infants being 2.16 % 0.11 and 2.56 % 0.13 in
low income group and high income group and of full term
infants being 2.70 # 0,06 and 2.94 & 0,06 in low income
group and high income group respeétively).‘ This may be
because of small sample size and greater variabidity

in birth weights among the infants studied, The greater
differences in the premature infants suggests some catch
up growth in late pregnancy. 7This has been observed in
other studies and it has been suggested that the period
of gestation may be extended to more than 40 weeks in
pborly nourished women to allow for such growth

( Reinhardt et al, 1978).



i

When serum magnesium levels were analysed in relation

~

to gestational age, they did not vary either with gestational
age or social class. The levels of cord sefum magne sium
were found to be higher than those in the maternal serum
and a consisteﬁt trend was found in favour of high income
group. When maternal serum magnesium levels were analysed
in relation to cord serum levels, no correlation was found
between the two (Table-45), Similarly, the data presented
in Table-i4&4 showed no correlation between maternal and
infant serum magnesium levelg either in premature or

full term infents. The velue for the cord and maternal
serum magnesium levels are in agreement with reported
values (Salmi, 1954,. 1955; Hillman et al, 1977; Bogden

et al, 1978; Vobecky et al, 1982).

However, in parallel studies done in this laboratory
in Kerala, where diets were marginally deficient in magnesium,A
serum magnesium levels were found to be lower in premature
and amall for date infants. Such a differential pattern
is perhaps accounted for by the fact that the diets in
Baroda are not deficient in magnesium. The diets of the
poor in Kerala are composed of rice ahd tapioca‘supplemented
mainly with 25-50g of fish and only occasional consumption
of vegetables whereas those of the poor in Baroda are
composed of wheat, bajra and rice supplemented with legumes
and vegetables. The typical diets of the poor ih the two
regions provide respectively 100-150 and 200-230 mg of

FEERERXMN
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magnesium. The dietary patterns in the two regions are

shovn in Table-46,

In this connection, serum magnesium levels are
found to be low in severely malnoufished children in
Kerala whereas they were found to be normal in children
with an apparently similar degree of malnutrition in

Madurai (Prathapkumar, 1983). ,

In this connection, it is‘also relevant to point
out that although low serum magnesium levels are defini-
magnesium deficiency normal levels may not be indicative of
tive of/the absence of magnesium deficiency on the basis
of the finding that children suffering from protein-energy
malnutrition and manifesting magnesium deficiency on the
basis of low urinary response to magnesium supplementation
may some time have normal levels in the serum (Montgomery,
1960; Montgomery, 1961; Linder et al, 1963). However, while
normal serum levels may not be indicative of adequacy, low
levels éfe positive indicators of deficieﬁcy so that some

difference in the magnesium status of severely malnourished

children in Kerala and Madurai must be presumed.

In conclusion, tissue magnesium concentration
decreased with the progress of gestation in the case of

spleen, However, total content increased because of a
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greater increase in orgesn size. It also appears that
fetal size rather than maternal magnesium status is a
critical determinant of fetal magnesium status. Muscle
magnesium levels were found to be affected by fetal

size apart from the overall decrease in total magnesium
stores. Cord serum magnesium levels were not found to be
influenced by either maternal status, gestational age

or fetal size.



146

EFFECTS OF SUPPLEMENTATION ON PREGNANCY

WEIGHT GAIN AND OUTCOME.

As mentioned earlier, the diets of the poor in
India and other similar regions are often inadequate in
food- energy, protein, calcium, vitamin A and riboflavin.
This is especially true of women because they get less
than their due share of the nutritions foods because of
the prevailing food sharing practices., Clinical symptoms
of deficiency of these nutrients are seen in an appreci-
able proportion Sf women and are aggravated during
pregnancy because of increased requirements and no change
in the quality or quantity’ of diets. Iron deficiency
anemia is also common even when the diets are adequate
in iron because of poor availability. Maternal anemlia
accounts for an appreciéble proportion of maternal
mortality (15%) and is higher in Gujarat (20%). The
problem is aggraveted by the high prevalence of nausea
and anorexia during early pregnancy. It is possible that
this is further aggravated by a possibly poor condition
of liver (since malnutrition affect liver function to
some extent). It also appears to be reinforced by
ps&chological and cultural factors as the young women
who has to assume a self-effacing role ordinarily does

get some degree of attention during pregnancy and delivery.
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The net result is decreased intakes. Whatever the factors
involved, weight loss is found in many women during thé
first trimester of pregnancy (Rajalakshmi et al, 1978).
More and more data are available on the consequences of
poor pregnancy weight gains for placental and fetal growth
(Love and Kinch, 1965; Eastman and Jackson, 1968; Singer
et al, 1968; Bergner and Susser, 1970; Rajalakshmi et al,
1978). Although mean weight gains during pregnancy

(7.0 kg) and placental weights (490 and 470g) are not
markedly different.between poor and middle class women

in this country (Rajalakshmi and Ramekrishnan, 1969;
Rajalakshmi, 1971), the prevalence of gains below 2 kg

in the last trimester and placental weights below 400g is
guite appreciable among the poor, Both these factors are
assoclated with low weights., Evidence for a relationship
between maternal weight gain and fetal growth as Jjudged
by birth weight has also been obtained from epidemiological
studies which show that birth weights are lower in times of
food restriction (Antonov, 1947; Smith, 1947; Stein et al,
1975, 1978; Prentice, 1980), Nutritional supplementation
of women is found to be associated with increase in .

birth weights (Table 47) (Srikantia and Iyengar, 1972;
Brozek et al, 1977; Lechtig et al, 1979; Mora et al, 1979;
Prentice, 1983; Adair et al, 1984). Although reports
contrary to this have also been made (Williams and Fralin,

1942; Mcganity et al, 1954, j955), the conflicting results
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seem to be due to differences in the nutritional statui 2f
the women receiving the supplements., Moreover, in most
of these studies, supplementation is usually done after
mid~-pregnancy or in the third trimester of pregnancy but
benefits from supplementation iﬁitiaﬁed earlier in
pregnancy have  alsb been reported (Habicht et al, 1973).
But no data appear to be available on the comparative
response to supplementation at different stages of

pregnancy in terms of weight gain and the outcome of

pregnancy.

The present studies were undertaken to study the
course of pregnancy weight gains and their response to
food supplemeﬁtation at different stages of ﬁregnancy on
weight gain, the outcome of pregnancy and postnatal
development of the infént. Because of difficulties in
getting the cooperation of the subjects in blood collections,
the studies had to be restricted to these aspects.

The general dietary pattern of these women is showjin in
Table 48, The average food intake at home of both the
supplemented and control groups was found to be of the
order of 1200-1400 Kcal. The supplement in the form of
'Dhokla' a fermented food, provided about 275 Kcal,

The home diet and supplement provide 35g and 8.8g protein,
28g and 4g fat, 130 mg and 434 mg of calcium, 20 mg and
7+5 mg of iron and 500 ug and 1188 ug of carotene.
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The intake at home remained practically unchanged during
the progress of pregnancy except for a reduction in early
pregnancy in only few cases and compared with intakes

in the non~pregnancy state (Table 49).1wSimilar findings
have béeri-made in previous studies in this laboratory
and elsewhere (Darby et al, 1953; Bagchi and Bose, 1962;
Rajalakshmi and Ramakrishnan, 1969; Rajalakshmi, 1971;
Srikantia and Iyengar, 1972).

The data on initial nutritional status and clinical
status in the control and supplemented groups at different
stages of pregnancy are presented in Tables 50 & 51.

. As mentioned earlier, no difference was found with regard te
initial weight, height and clinical symptoms in the two

groups. Subjects were matched for their age and parity.

The data are anlysed according to the period of
supplementation and the results are presented in Table 52.
In the case of the group supplemented through’ out pregnancy,
the supplemented group showed a greater gain than the
control group in the first trimester of pregnancy (2.52+0,49
and 2.08+0.67), but lost this advantage with the progress of
pregnanéy so that the mean values for net gains did not vary
significantly between the two groups. The supplemented group
had an initial advantage but a 'catch up' phenomenon was
observed in the case of contrels. This is supported by the
W oo mdiidndie eoene §Badl o houe &f%ﬁv Btk Lesg o
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the- observayion that birth weights also did not differ
between the two groups. In this comnection, in simul-
taneous studies in this laboratory on fetuses derived from
medical termination of pregnancy a simi}ar tcatch up!
phenomenon is observed in the case of fefal weight and
liver vitamin A stores which showed a greater association
with maternal vitamin A status in the earlier stages of
pregnancy than in the later stages (Shah, 1986). As there
were some drop-outs because of various réasons, mainly,
going to the parental home for delivery in late pregnancy,
comparisons were made till 32 weeks of pregnancy. Those
who were supplemented upto 32 weeks of gestation showed

a gain of 6.22 & 0.77 (n=14) whereas the control group
gained 6.32 ¥ 0.91 (n = 11). The corresponding values
when the supplement was given during 16-32 weeks

(second trimester) were 5.32 + O.44 (n=12) and 3.7520.69
(n=11) for the period of 16-32 weeks., Although the
difference found in weight gain between supplemented and
control groups in the second case striking, it fell short
of significance presumably because of the small sample size
and large intra=-group variation. This was also true of
birth weights which did not differ in two groups‘

(Table 53). However, the birth weight in all the supple-
mented groups combined together was found to be signi-

ficantly greéater than those in the controls.

S
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The most interesting observation that emerged from
the data is that supﬁlementation throughout pregnancy does
not represent an advantage over suppleméntation after
16 weeks although a few individuals in the early supplemented
group seeméd to have benefiﬁéd.\ Thus the prevention of
weight loss in the first trimester doeé not seem to have
a measurable favourable effect in terms i ¥ net weight gain
or birth weight if the weight gain during the rest of
pfegnancy is satisfactory. This is an important obser;
vation in the light of thé enormous difficulties in
monitoring women soon afbter conception whereas it is much
easier to iden;ify pregnant;:women after the first trimester.
In fact, Metcoff et al. (1982) suggest screering of women ‘

at mid-pregnancy and sﬁpplementatian thereafter.

In this ccntékt, it is a tendancy in India to consider
some weight loss in first trimester to be normal’and not
take too much notice of: it. it is also interesting to note
that this weight loss had its origin in the. first month
of pregnancy even before many women in the group were
either not\aware or not sure of their being pregnant
suggesting that it is to some extent physiological, In this
connection, other similar changes such és fall in serum
triglyceride levels during the second quarter of pregnancy
with a subsequent risé have been noted and await a satis=
factory explanation. The globulin levels tend to fall

during early pregnancy and register a rise during late
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pregnancy. WEight loss in the first month wés of. the
order of 0,3 kg in the control group with a range

- 125 to 0.5 kg and the supplémentation was started

only around 6 weeks of pregnancy. The variability in
weight gain in the control group seemed greater than

in the supplemented group, the coefficients of variation’
being 46 and 29 for the groups from early pregnancy

till 32 weeks and from 16-32 weeks. The cbrreéponding
values for controls were 50 and 60, suggesting that the
smaller variability in the supplemented groups might be
due to the benefits derived by a few women who might
otherﬁise have shown very low weight gains in supplemented
group. This is supported by the data in Table-54. )
When the data on weight gain were analysed in relation to
the prevalence and duration of nausea, the supplemented
group was shown to have a lower prevalence of nausea
with reduced severity and duration as éompared to
controls. Also, in the supplemented groups, the gains
in the groups with and without nausea were comparable
whereas this was not true of the controls. In the
controls, weight gains in the fifst trimester differed
between those with and without nausea (Table-55).
Further, women with nausea and anorexia were able to

take as much 'Dhokla' as (265g being mean value) those

without these symptoms.
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The nausea and vomiting associated with pregnancy
seem to. be among the factors résponsible for the ‘low
gains observed in the firs£ trimester spegially in the
controls. Nausea was less prevalent and its severity
and duration less in the supplemented group than in
controls. Also, the “observation that the gains in the
groups with and without nausea were comparable in
supplemented group but not in'controls suggest. that
in spite of the nauséa, the supplemented women were '
able to maintain their food«intake; or avoid a reduction

in the same below critical levels.

Seven of the supplemented women who joiqyéd’the‘
study group in the middle pf the first trimester and
who were in very poor shape (and whose weight gains were
not available for first trimester) reported a distinct
_ improvement in their home food intake after taking the
supplement. ' The main factor involved in the prevention
of Qeight(loss in the first trimester seems to be their
being able to avoid reduction in food intake belew critical
levels because of the supplement provided. The food
supplement provided is a fermented food with a slightly ¢
sour taste which is found to be more acceptable specially
during such conditions. In this connection, a distinct
preférence for slightly sour foods and. drinks is shown
by pregnant women. The nutritional quality of #!Dhokla'
‘whigh is rich in 'B! vitamins, ascorbic acid, might also

have contributed to better intakes.
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The data on birth weights were further analysed
in relation to pregnancy weight gaiﬁ at different
stages (Table-56). Those for each trimester were
analysed according to whether they were'les; than or

greater than a cut off point which was decided in
accordance with the distribution of gains for that

i

trimester,

The cut-off points so chosen for the first, second
and third trimesters were.0.5, 2.0 and 1.5 kg. A consist-
ent trend was found indicating a relation betweep welight
gain and birth weight. This association was more clear-cut
in the case of male infants (Table-57). The association
between pregnancy weight gains and birth weights are '
cpnsistent with other reports (Beilly andkKurland, 1945;
Love and Kinch, 1965; O'Sulliven et al, 1965; Singer et al,
19683 Thomson'gg al, 1968; Bergner and Susser, 1970; ‘
Niswander, 1972; Rajalakshmi, 1978, 1980). In previous
studies in this laboratory (Dave, 1980), prégnancy weight
gain appeared to be somewhat greater with male infants
although the difference fell short of significance,

The data wére therefore analysed from this point of view
(Table~58). Neither net pregnancy weighﬁ gains nor birth
weights differed with the sex of the pf@@gﬁggg:when the
supplemented and control groups were combined together.

However, in the supplemented group, male infants were
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TABLE-56 : Weight gain Vs birth weight at different
stages of gestation in control and
supp lemented groups combined,

(kg)

W W S D W A P S o B G S e S s S i s S S S T K S O U Y S T et A S W e W st M oy WO Kt o S Gy A (s B g M 08 St i S

Mean + S.E.; with no. of observations
in parentheses.

i trimester

[ 0.5 2.65 + 0,10 (13)
0.5 - 1.5 2,66 + 0,08  (24)
> 1.5 2,64 + 0,14 (5)
1l trimester _
[ 2.0 2.59 + 0.11  (15)
2.0 - 3,5 2.67 + 0,08  (30)
5 3.5 2.73 + 0,05  (31)
IIT trimester
L 1.5 ) 2.55 % 0,10  (18)
1.5 = 3.0 2,71 £ 0,05  (42)
5 3.0 2.72 1 0,07  (27)
Total
- L 5.0 2.40 + 0,19  (18)
5.0 = 7.0 2.73 + 0.08  (13)

> 7.0 2.80 + 0,08 (17)
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TABLE-57 : Weight gain Vs birth weight at different stagéss B
of gestation in control and supplemented groups
combined in relation to the sex of the infant.

W Qs I - 1 o T S iy Ul e W10 Ut sop . SN e B U O St Sl s S S U Vi s W L M AN s W Mt Bt A D S Y A D i sl O G VO T U O T O . B, W S

Mean + S.E.; with no. of observations
‘in parentheses,

I trimester

[ 0.5 2.57 + 0.20 (6) 2.71 % 0.10 (7)

0.5 = 1.5 2.65 + 0.15 (11) 2.67 + 0.09 (13)

>1.5 2.77 £°0.27 (3) 2.56 & 0.17 (5)
II trimester

L 2.0 2.58 + 0.18 (8) 2.60 + 0.13 (7)

2.0 = 3,5 2,71 + 0.13 (17) 2.61 x 0,07 (13)

> 3.5 2.82 + 0,08 (14) 2.66 + 0,06 (17)

1II trimester

0.17 (10) 2.64 4+ 0.08 (8)

L 1.5 2.48 4+ &

1.5 = 3,0 « 2,69 + 0,10 (18) 2.72 + 0.06 (24)

> 3.0 12,83 4 0.10 (14) 2.60 + 0.09 (13)
Lotal .

L 5.0 2,05 4+ 0.26 (4) 2,74 + 0.15 (&)

5.0 - 7.0 2.89 + 0.05 (6)° 2.60 x 0.12 (7)

>7.0 2,78 & 0,14 (8)° 2.81 % 0.09 (9)
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Values significantly different from /5.0 values, * P f0.01.
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found to be heavier than those in the control group.

The greater beneficial effects of supplementatiog on
both birth weights of male infants are consistent with
the findings of Mora et al.(1979), who reported an
increase of 100g of birth weight with food supplementa-
tion in case of male infants as against the 12g in
female infants. Similarly, the Dutch famine study
(Stein et al, 1975, 1978) showed that with relief
conditions, birth weights were greater for males than
fof females., This is consistent with several findings
suggesting that males are more vulnerable to certain
types of nutritional stress than females, Similar sex
differences have been observed with regard to skeletal
retardation which is more evident in boys than in girls
(Shah, 1983). Similarly, in rats, females subjected to
food regtriction were not found to show much growth
retardation till the amount fed was restricted to 2/3 of
ad 1lib intakes in the control group whereas the correspond-
ing figure for males from the same litter was 80% of

ad 1lib intakes. The degree of growth retardation was

also greater in males (Mittal, 1982).

Similerly, the premature infants in the supplemented
group showed less evidence of fetal growth retardation
than those in the controls (Tables-59 & 60), This obser-

vation that premature infants in the supplemented group
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fared better than those in the controls is consistent

with the finding that social class differences ﬁith

regard to birth weights are greater kksm in premature
infants than full term infants suggesting some ‘'catch up'
growth towards ferm in the infants .of poorly nourished
women, Mean weights of full term infants in the low and
high income groups are found to be 2,70 %+ 0.06 and 2.9440.06
as compared to 2,00 % 0,09 and 2.45+_0,07 in premature
infants matched for gestational age. This phenomenon may
not be evident in the supplemented group because of the
differential pattern of weight gains possibly associated
with differences in the patterns of fetal growth.

Thus premature infants of poorly nourished mothers may

be more liable to consequences including poor subsequent
growth, poor neuromotor development ‘and mental\retardation
(Davies and Stewart, 1975; Winick, 1976). In studies

done on fetuses in this laboratory, premature infants are
found to have lower levels of serum vitamin A (Shah, 1986),
vitamin E (Shah, 1986) than full term infants and these
difference are more marked in the low income group in which
the prevalence of pfematurity is also higher (Iyengar,1984).
Premature infants, who are also small-for-gestational age
are in double jeopardy. It would appear that food
supplementation can minimize these risks, spécially among

the poor. Moreover, the frequency distribution of the
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gestational age of infants at birth in both groups
(Table~61) suggests the incidence of prematurity to be
higher in among the control group and female infents in
the supplemented group as compared to male infants.

This is consistent with the observation that male

infants showed greater increment and benefited more

as a result of supplementation than female infants,
‘Mean gestational age was higher in the supplemented group
~ as compared to controls. The average figures being ‘
58.0 and 37.3 weeks in supplemented and coentrol groups

respectively.

Information on prenatal and neonatal mortality was
also obtained. Food supﬁlementation was associated with
a significant decrease in the mortality to about one half,
The figures wer€ 3.9% in supplemented group (4 out of 102)
and 6.7% in control group (10 out of 148), Similar finding
have also been reported elsewhere (Brozek et al, 1977;
Stein et al, 1978; Mora et al, 1979; Lechtig et al, 1979).
The observation that mean birth weights did not differ -
between the two groups is perhaps not surprising as only
about 10% of infants born of poorly nourished women have
birth weights below 2.0 kg, and 29% below 2.5 kg.

The remaining 60% or so are unlikely to be affected by
supplementation. The mean values would not be sensitive
indicators because of this. An important consideration

that tends to be obscured in such studies is the feeling
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’ /
of well-being in the mothers, more often reported in the

supplemented group, is likely to have on her attitude
towards pregnancy and towards other membérs of the family,
specially towards young children who continue to need
medical care.

3 %o

Weights of the infants in supplemented group were

not different from control group at the age of 3 months

or 6 months (Table~-62), Also, the mean age at which the
birth weight doubled or tripled also did not vafy in the
two groups. This is also observed in the only study
published in literature on posfnatal growth of supple-
mented infants in New York City (Rush et al, 1980).

This observation is consisteﬁt with the usually excellent
lactation performence of poorly nourished women (Rao et al,
1958; Venkatachalam et al, 1967; Rajalakshmi snd Ramakrishnan,
1969), In previous studies in this laﬁoratory, weights of
infants born of poor and upper class women were not signi-
ficantly different at six months of age. Even infants born
with birth weights of about 2 kg achieved a weight of 6 kg
by this age (Table-63).

It is relevant to point out that an improvement in
birth weight produced by prenatal supplementation will not
necessarily be followed by a corresponding improvement in
mortality or postnatal growth, if ;nfection is highly

prevalent in the population studied,
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In conclusion, these studies suggest that supplemen-
tation helped to alleviate the nausea and loss of appetite
in early pregnancy and to improve gains in the first
trimester. It had a favourable outcome on the neonatal
status of premature infants as reflected in the weight
for gestational age as well as full term male infants.

The frequency distribution of weight gains and birth
weights suggest low weight gains and birth weights might

have been preventegﬁn atleast a few women,

The promotion of a feeling of well-~being in atleast
a few of the supplemented mothers also suégests the
possibility that the supplementation might have had
other benefits. This aspect remaiﬁs to be investigsted.
It has also been suggested that for such supplementation
individuals prone to the risk of a fetal growth rétardatiaa
should be identified by multiple biochemical and other
indices. Also, extensive analysis are needed on the
meaning of birth weight in terms of maternal status and
the subsequent health and development of the child, -
Such monitoring is not practicable in the field situation,
Also, in the case of poor women the supplements ensure
that atleast minimal levels of feood intake are maintained
and no adverse-effects whatever are likely to follow

supplementation of this type. Apart from this, the

-]
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supplement might have other beneficial effects on the

mother, and consequently her family members,

The main aim from a public health point of view
should be to reduce the risk of fetal growth retardation
not only for the sake of improving growth but, also
because such retardation is associated with an increased
postnatal morbidity and\mortality due to risk factors
such as hypothermia, hypoglycemia, respiratory distress
syndrome, efc, Moreover, low birth weight infents are
also born with poor stores of nutrients and poor organ
growth and are at greater risk of éubsequent growth
retardation and malnutrition if postnatal nutrition is
not satisfactory. In this connection, in studies carried
out in this laboratory in Trivandrum and Madurai in severely
malnourished children, marasmus was found more often in the
case of infants who were reported to have been small at
birth and not adequately breast fed, In girls pre and
postnatal growth retardation is likely to be associated
with a higher risk of suboptimél growth and development
during adolescence with continued‘chronic undernutrition
and th;s result in a poor pre-pregnant nutritional state

of the next generation ef prospective mothers.

It is increasingly recognised that antenatél care

as well as the care of the infant in the immediate post-partum



period play a crucial role in the promotion of lactationj 7 8
performance as well as mother-infant relations. Of parti-
cular impéréance are factors such as the feeding of
colostrum, physical contacf between the mother andlinfant
and the type and amount of the first few feeds given to

the infant, the mode of feeding, dietary. practices
pertaining to the mother, place of delivery, etc. During
the course of present studies systematic information on

all these aspects was obtained. The major practices .

observed are described below

Perinatal practices

Mothers:

(1) Generally,. the foods avoided during late pregnancy
are also avoided during fhe first three months of
lactation. These includes brinjals, cluster beans,ﬂ
ladies fingers (Okra), dahi (yoghrut) and sour foods

and wheat.

(2) After delivery, women consume gum, sheera (made out
of wheat flour, ghee and jaggery), pipefimol, dry
ginger and methi seed powder. Usually bland foods.
composed of kodri and mung dal (green gram) are

consumed for first fifteen days.

(3) Women are not allowed by their mother-in-low or
elders to come out of the house for 40 days after

delivery., No one is allowed to touch them.
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In home delivery cases, usually the 'Dayan' or the

older relative attends on. the delivery. °

The cord is cut by a sharp object, viz. knife,
scissor or blade which are not sterilized. It is
clamped using ordinary thread, in cases, where septisis
occurs, ‘'sindoor' is applied. The placenta is buried

with a coin and pinch of salt and turmeric,

The mother bathes with 'hot' water to which some
'Sheppu' seeds are added. The child is bathed
immediately after birth, after applying oil on the
whole body. "

Infants

(1)

Among 118 women studied, only 4 put the child to the
breast within 8 hours of delivery, and 31 within
24 hours of delivery, whereas 50 were breast fed on day

2 and 37 on day 3.(Table-64a).

The pre-lacteal feeds used are either glucose
water or jaggery water or occasionally, honey. This is
administered using a spoon or cotton wool, This pra-
ctice is carried out even in the hospitals, Usually,

other fluids including water are not given.



TABLE-64 Perinatal practices.
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(a) Interval between birth and first breast feed.

Number with percentage

Inte 1l in i
rval in hours in parentheses

/8 : L (33.8)
8 - 24 27 (22.9)
24 - 48 50 (42.4)
48 - 72 35 (29.7)
>72 2 (1.7)

(b) Place of delivery

Place Number with percentage
in parentheses

Home 31 (24.8)

S.8.G. Hospital 23 (18.4)
Missionary Hospital 50 (40.0)

Railway Staff Hespital 21 (16.8)

(c) Duration of labour pain
A Period in hours No,with percentage in
parentheses

L2 16 (14.5)

2 -4 23 (20.9)

L -8 25  (22.7)

8 - 16 19 (17.3)

16 - 24 \ 8 ( 7.3?

> 2k 16 (14.5%

Ceaserean 3 (2.7)




TABIE-64 (Contd.)
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Number with percentage

Duration in months

in parentheses

L3 49
3 -6 25
6 -9 19
9 - 12 : 72

>12 58

1

(19.1)

(11.6)

( 8.8)
(33.5)
(27.0)
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Two out of 118 women failed to establish lactation,
About 75% of the women delivered in the hospital
ahd 25% of deliveries were home deliveries either
by untraiged 'Daig! or traditional midwifes with

some modern training (Table-64b).

In about 80% of the cases,'child was given to the
mother within 2 hours of delivery whereas in 20%
of cases, child was given within period ranging
from 2 hours - 8 days. Reasons being either the
child + - was born prematurely or mother

underwent cessarean section, In these cases, child

was given glucose water till mother
[ was allowed to breast fed the child by hospital

authorities.

Duration of labour pain varied from 2 hours to
48 hours. Multiparous women showed a tendancy to

have shorter duration of labour pain (Table~64c).

About 68% of women had post partum bleeding for

more than a week., A delayed resumption of
menstruation was observed in the present studies
(Table-64d)., About 61% had not resumed menstruation
when the child was 9 months of age. Similar studies
have been made in previous studies in this laboratory
(Subbulakshmi, 1970). In contrast, in the upper class

the mean age of the child at the resumption of



(6)

(7)
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menstruation was six months. These differences have been
attributed to prolonged lactation in the lower class
although an adaptation to a low plane of nutrition could
also be a factor as even in the case of women of whose
infants are entirely breast fed s wide variastion is
found among the poor women and between poor and upper
class women. Moreover, other factors such as the
introduction of weaning foods, the rate of fall in
prolactin levels, etc. have been implicated., Similar
findings have also been made in the Gambis by the
cambridge group (Prentice, 1980) and similer differences

found between women studied in the Gambia and Cambridge.

In instances, when the child is found to be passing green

stools, mother omits fat from her diet,

In the present studies, the average inter pregnancy
interval was found to be two years, although a longer
interval of three was found in previous studies
(Rajalakshmi and Ramakrishnan, 1969; Bhalla et al, 1974).
The present studies indicated the persistance of tradi-
tional antenatal and post partum practices such as

lack of antenatal medical care, avoidence of ‘some
nutritious foeds during pregnancy, withe-holding of
breast milk for 2-3 days after delivery, dietary restri-

ctions for the mother and unhygenic conditions with regard



t0 severing and bandaging of umbilical cord in home
delivered cases. Information on resumption of menstru=
ation after delivery indicates a considerable delay

in such resumption in poor women.
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- THE PATTERN OF FETAL GROWIH AND NECONATAL GROWTH
STATUS IN RELATION TO GESTATIONAL AGE AND THE
PLANE OF MATERNAL NUTRITION,

SECTION-A.

The pattern of organ growth during human fetal development

in relation to maternal gestational age, nutritional 3IX

status and fetal growth status.

The body is made up of meny different organs and
tissues, each with a different chemical composition,
and each contributing a different proportion to ‘the body
as a vhole. Moreover, the proportiocnate contribution of\
these various organs to the body varies with development.
Aléo, nutrienfs'that reach the fetus are distributed
among various fetal organs according to genetically and
envifonmentally conditioned schedules (Zamenhof and
Marthens, 1982)., The differential nutrient suppl& to
#arious developing organs depend on the metabolic rates
of these organs at that particular time, the tissue with
highest metabolic rate receiving highest priority.
For example, the brain accounts for a large proportionq
of the body in early life than in the adult whereas the

reverse is true of skeletal muscle.
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As part of the studies described earlier,
attempts were made to study the rate at which the different
organs of the body increase in weight and effect of the
plane of maternal nutrition as well as fetél growth

" status on this pattern.

Fetél weights and tissue weights in both low and
high income groups are presented in Table-65., As may be
expected, all parameters increase with the progress of
gestation both in low and high income groups; As pointed
out earliér, Tetal weights in the 16w income group were
less than those of the high income group and those
reported inrthe west (Widdowson, 1968; -‘Warwick and Williams,
1973; Montreewasuwat and Olson, 1979), but the value for
early pregnancy were similar to thése reported by

Apte and Iyengar (1972).

When fetal weight was exp?essed as percentage of.
expected welght for gestatiocnal age using Widdowson's
norms (1968), the values in the two éroups were comparable
in early pregnancy but some dece;eration of growth was
observed in low income group around mid-pregnancy (Table-65).
This deceleration of growth continued till the'age of
32 weeks after which a 'catch up! is observed. The deceler—.
ation of growth in the low income. group around mid—pregnancf
is consistent with other observation (Bhatt,:1982; Iyengar,

1984). The growth of the organs studied, namely the liver,
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spleen, kidney, heart, 1ung'énd brain as well as the
whole body showed a linear growth but the actual pattern
veries with the tissue studies (Figure 11). This is-
observed by Potter (1961). Orgen weights and fetus
weightéﬁ?gg comparable in early pregnancy in both income
groups but differences set in after mid-pregnancy
(Table-66), This is probably due to the much more rapid
growth rate during this period so that differences in

growth pattern associated with those in nutrient supplies

are accentuated,

When organ weights are presented as percentages
of body weight, the proportion of body weight contributed
by liver, kidney and heart was subsbantially the same from
12 weeks onwards. This was also observed by Southgate and
Hey (1976). The contribution of liver, heart and kidney were
4%, 0.6% and 0.8% to the total body weight. The figures
are in agreement with the values reported by Widdowson and
Dickgrson (1960).o0f 4%, 0.6% and 0.7% respectively during
fetal life. On the other hand, the contribution of spleen,
lﬁng and brain to total body weight declined with the
progress of gestation indicating that these are the tissues
which enjoy ontogenetic priority as might be expected
because of their vital metabolic role. In the case of
adfenals, no change was observed whereas placental weight

where the reverse is true of spleen,
in relation to body weight showed a declinef Gruenwald (1974)
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showed the ratio of the weight of the fefus,to that of

the placenta to be 5:1 during third trimester to change

to 7:1 suggesting that the fetus outgrows placenta at

term. Further, Flexner (1948) clearly demonstrated a
reduced transfer function of the placenta towards term,

The weights of these organs in the low~in90me group

were lower than high income group but the proportion of
them to body weight did not differ in two categories.
(Figure 12). Further, the weight of the orgens in growth
retarded and growth normal fetgses clagsified on the basis
of weight as per cent of expected weight for gestational
age according to Widdowson's norms and using a cut-off
point of 60% and their proportionate contribution to whole
body weight are shown in Table-67. Although, growth
retarded fetuses\had smaller body weight and smaller

organ weights (Figure 13), their contribution to total

body weight did not differ in itwo categories. Thus, the
organs of fetuses that are small—for-ggstational age are
also small as may be expected. In this connection, their
smaller size may alsc be associated with retarded biochemical
maturgtion. This has been found to be the case in the
.previous studies in this laboratory on rats in the case of
lung (Khanna and Reddy, 1983), intestine (Arockiadoss, 1982)
and brain (Rajalakshmi, 1980). Similar observations have
been made by other investigators with regard to the lung

(Hallman and Gluck, 1977; Lafeber et al, 1979; Schulte, 1981),



B N T e A g s g

2195

o+ []

/7 &
AINAIN 4
1LHV3IH ¢
TwYNIHAY 2
NIZ1ds T

¢ -0c

NOILVIS3D 40 SH33IM

gi-crt

g0

I.D..H

ONAT 2
HINIT T
o5/H [

917 [3

zed zg-ve

~

42-02

o2-91

RN

IR RN Y I
I 2RSS S EPE SRR I P REE- 3 PP R
Yo S 2Pt P auD At BBy o Bus e -

'SdNOX9 FW0INI (BIH) HDIH ANY (D17) MOT NI

LHOIAM AAOE 40 LIN3FDHId SV SLHDIIM INSSIL qqkm.unm,w..mmhm:uA

-0-2

- Q,:V

e Q.m

LHDIIM Aq0ga /
sY LHSI3M 31ss!L

LHD13m AQ08g /
SY LHDIFM 321SSIL



Zy o 2VCL <1V N % L UTY0 o =Y OUTY L 9y UTHY Y TYLl Yy Ty Ll C rhw JU8 Lom suiry

%9 08 ¢l ¢l g 9% se y
6°¢ 0%y Gy 9°¢ ¢°h Loty ¢£°¢G °qm £poq 9 se
(8) (L) (cLy - (64) (L (e (¢
09°# 6£°2 G9° ! _ ...V 26°0 ) mmoov (3) .
+0lL°02 +68°8l +HO°GL  ¢H°0+28°8 WL °0+2h*9 +20.L°¢C +669°2 JUSTaN J9ATT
L ¢S . 25 LS g% sey
: mww 0 091 °0 mmwvo oLL*0 0600 960°0 G60°0 *qam Lpoq ¢ se
9L°0 (9L) ¢0°0 (%8) (L) (12) (2) (8)
+h17/,°0 92°0+6H.°0 +66£°0 20°0+H92°0 20°0+9¢L°0 20°0+980°0. 20°0+6H0°0 USTeM usaTdg
(8 (8L) 23] (L8) (Li) (42) (¢
om.mwwq 90 *7+G/, 8G° L¥¢G 99°L%9/  0£°Z+06 ZL°% ¥ 6/, 2G¢°l w € qm pogoadxs 9 e
(8) (8l) (L) (L8) (riy (L2) (£) (3) quStTam
. LTOLRLLG 8°HGThlh 6°22+GEE 88°6+GHZ 06°*LL+LGL L°OL+G°eR  L9°gHLtlg STN19T 3TOUM
(8) (8l) (zl) (L8) (L) (92) (£) UoT9R3s 88
QL*0+9°9Z 2G°0+2°22 62°0+9° Ll GL*0O+0°QL HE*0+9°LL Q0L°0+0°HL GO°0+0°Hl JO Sy

usI-ed UT SUOTIBAJIISAO JO°O0U UATM feqges + UBal '

O B A A B JE P P B
m m&d " m@v “ A.aww » AMV } m,ﬂv » mmv { Amwv ” *qam pogoadxs
i 097 P09 <t 09 7 m 09< & 097 | 09< {097 i % Se quSToM
~ 3 * i 4 ' 4 s

- i - H - H - ! uoT1BS 93
=72 ” 72=02 m 02-91 | 9L=Z1L m 70 BRooy

.-li.-l.l._-lll.l-l!-l.liLllll:l.lll..l.J..liIlll.l!llllu.l.‘ln.lL llll i cmm e 1 e s st s W o oo e o 2o g o o o 0t s o ..lll.l..l.l;al..lalul.l!.lllh.l.lxlali’i.l.l.l.l«l-llll\..lnl

v

B e —

0a8 pue psepaera-ypoad ur quSTam Teq9I 013 UOTRBTAI UT S$9USTJIM SNSST] puB Terod ¢ JO=FTgvy,

. q b



e~ -
NOILVLISID 43 SMHIIM

a8 wm,ﬁhm 02 02-9F 31-21 Zs{ 2§-%2 %2-02 0Z-9% 91-2} 2§ 2§92 ¥2-02 02-91 31-2} 2272 v2-02 02°91 312l NMA 2€ 42 202 02-91 31-2]
T e L L e

L+ L OT -0 2 - 3 ‘ r00%
] m
L @ . L0z -0y - 2 - 008 m
b - I
- 21 -Of 09 3 -oozy
- X ~—
. : - Z
-97 -0 08 - - 008F N

-0071 - 6 221
o Q o QQN
AINCIM N1 AN NIF1ds AQOg FT0OHM
NOILVLS 3D 20 SMIIM
v2-0¢ 02-91 91-21 2€4 26-92 92-CZ 07 8121 NmA 2€-¥2 92-0¢ 02-91 S1-2%
/I , F=]. s

L o2 5 W
- .Q.n - T §
-0+ -0~y R u
- l° h - QN N
18 = 9

. - l, %N.

WWHON HLIMOHD T - 08
azadvLay Himodo [T ) B . - . ,
Niveg - 007 TYNISaAY L& IH

v

SNLVLS HIMOSD O.L NOILY 138 NI S3SN.LIS NISNVYDYNO H40. SLHOISM €I-38ND14



199

the intestine (Brown, 1962; Shrader and Zeman, 1969;
Vollrath, 1969; Kumar and Chase, 1971; Loh et al, 1971;
Younoszai and Ranshaw, 1973), and the brain (Culley et al,
19663 Rajalakshmi and Nakhasi, 1974; Geel and Dreyfus, 1975;
Reddy and Sastry, 1978). ‘Fuftber it is also reported that
fetally growth retarded infants exhibits features such as
poor pulmonary function (Schulté, 1981) and poor intestinal
digestion and absorption (Koldov§ky, 1982). The fetally
growth retarded infent is also at risk of poor neuromotor
development and mental retardation (Drillien, 1970; 1972;
Davies and Stewart, 1975; Lubchenco, 1976; Winick, 1976;
Vohr et al, 1978; Commey and Fitzhardinge, 1979).
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Section B ¢+ SOMATIC MEASUREMENTS OF HUMAN FETUS AND NEQNATE
IN RELATION TO GESTATIONAL AGE, GROWTH. STATUS
AND PLANE OF MATERNAL NUTRITION. o

The previous section was concerned with the pattern
of organ growth during the course of humen fetal development.
The present section is concerned with different body
measurements of the whole fetus and the neonate in relation
to: gestational age, growth statuslo:f the fetus or r%eonate
and the social class of the mother which is found to
influence food intake as it is well known that different
somatic measurements are affected differentialljr in growthe=
retarded children (Gurney, 1969; Kondakio, 1969; McKay, 1969;
McLaren and Pollit, 1970; Vishweswara Rao and Singh, 1970;
Seone and Lathem, 1971; Kanawati and Mclaren, 1972j. For
instance, height is less affected than weight (Jelliffe,1969;
Seone and Lathem, "1971)., S;milarly, head c;’.rcumfe;ence is
less affected than arm circumference (Keanawati and Mclaren,
1970). The indices used for these studies were the same
as those used in young children with a few measurements
added, such as total arm length, total 1eg lengl:h, thigh

circumference and foot length,

As mentioned earlier, fetal growth retardation has
been categorised into two classes by Gruenwald and others

(Gruenwald, 1963; Ounsted and Taylor, 1971; Dubowitz, 1971;



200

Cook, 1977). They differ in their pathogenesis and postnatal
course of development. In the ﬁ.rst type, the infant has a
normal crown-heel length but is deficient in subcutaneous

fat and skeletal muscle and has also reduced weights of
liver, spleen, adrenals and thymus glands. ' In the sécand
type, the infant is symmetrically small at birth for
gestational age as judged by external body dimensions but

is not necessarily underweight for height. The former type"
has its origin in late pregnancy whereas the latter has

its onset much earlier.

j Most of the data on fetal growth have been
obtained on the basis of birth weight. Somatic measurements
have been widely studied in- children (e.g. weight, height, .
head, chest and arm cn.rcumference) but only a few studies -
on crown heel length, head circumference, abdomen circume
ference and foot length have been carried out on newborn
infants (Widdowson, 1968; Usher and McLean, 1969;

Gruenwald, 1974; Lekshminarayan et al, 1974; Colemneri and
‘Correa, 1977; James gt al, 1979; Bhatia et al, 1981)
vhereas a few studies on weight, crown heel 1ength; crown
rump length, chest circumference, biparietal diameter and
foot length have been made on human fetuses (Streter,1920;
Widdowson, 1968; Campbell, 1970; Lakshminarayan et al, 1974;
Birkbec);c et al, 1975; (;ampbell and Thomas, 1977; Robinson,

' 1979) and their predictive‘ value for future growth
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indicated by a few 'investigators (Gruenwald, 1974; | Campbell
and Thomas, 1977; Campogrande et al, 1977; James et al,1979).
No such studies appear to have b;aen carried out on human
fetuses in relation to growth retardation and plane of

-

maternal nutrition.

—

Thus it seemed worthwhile to obtain data on
weight and somatic measurements in the case of fetuses and
neonates in both low and high income groups at different

stages of gestation.

The present studies on somatic measurements were
carried out as Apart of the studies already described.
The indices used were absolute weight, weight as compared
to weight appropriate for gestational age, crown heel
length, crown rump length, circumference of head, chest,
abdomen, arm and thigh, total arm length, total leg length
and foot length. They were ~studied in relation to
éeétational age, and the social class of the mother
which is found to influence nutritiongl status markedly

in this country.

Fetal growth in relation to gestational age, growth status
and plane of maternal nutrition :-

The data on fetal weight and somatic measurements
are presented in Table-68. As may be expected, all parameters

increased with the progress of gestation in both groups
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(Figure 14A & 14B)., Fetal weights were less than those
reported in the West for corresponding gestational ages
(Montreewasuwat and Olson, 1979; Widdowson, 1968) but

the values for éarly pregnancy were similar to those
reported by Abravomich (1969) and Lakshminarayan et al,
(1974) in this country. When weight was expressed as
percentages of expressed as percentages of expected
weights for gestational age using Widdowson's norms,

the values in the two groups were comparable in early
pregnancy but some deceleration of growth was observed
in the low income group around mid-pregnancy. This decel-
eration continued till the age of 32 weeks after which
the data suggest a trend for some degree of catch up
growth, The deficits in fetal weights as compared to
Widdowson's norms are consistent with a differences in
birth weights (Thomson and Hytten, 1966; Rajalakshmi and
Ramakrishnan, 1969; Rajalakshmi, 1971). The deceleration
of fetal growth in the low income group around mid-pregnancy
is consistent with other observations (Bhatt, 1982;
Iyengar, 1984). The possibility of some catch up in late
bregnancy is further confirmed by the data on fregquency
distribution where the proportion of low body weights
was lower in a group of fetuses of éreater than 24 weeks

of gestation (Table-69).
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A1l somatic measurements increased linearly
with gestational age (Teble-68). The values for fetuses
in the two socio-economic groups were comparable for all
' parapeters in early pregnancy but the différencee were
greater during mid-pregnancy (Figure-14A & 14B).

When the values fo; the low income group were expressed
as per cent of those for the high income group values,

essentially the same pattern in growth was observed.

The linear increase in all other somatic
measurements with gestational age are consistent with
expectation and the observations of several others.
However, all parameters were not studied simultaneously
by other investigators. Streeter (1920) studied weight,
sitting height and foot length in relation to menstrual
age. Robbinson (1979) studied crown-rump length and
biparietal diameter in relation to gestational age.
Widdowson (1968) Bave norms for crown-rump length and
. weight of fetuses at different stages of development.
Birkbeck et al. (1975) showed a linear relationship

between different linear dimensions and crown heel length.

‘The data were further analysed according to
growth status. Grown retarded fetuses were smaller in
size as compared to normal cnes (Table-70). The results
also suggest that weight and mide-arm circumference were

affected to a greater extent as compared to all other
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(Figure 14A & 14B)., Fetal weights were less than those
reported in the West for corresponding gestational ages
(Montreewasuwat and Olson, 1979; Widdowson, 1968) but

the values for early pregnancy were similar to those
reported by Abravomich (1969) and Lakshminarayan et al,
(1974) in this country. When weight was expressed as
percentages of expressed as percentages of expected
weights for gestational age using Widdowson's norms,

the values in the two groups were comparable in éarly
pregnancy but some deceleration of growth waé observed
in the low income group around mid-pregnancy. This decel-
eration continued till the age of 32 weeks after which
the data suggest a\trend for some degree of catch up
growth, The deficits in fetal weights as compared to
Widdowson's norms are consistent with a« diffErehces in
birth weights (Thomson and Hytten, 1966; Reajalakshmi and
Remakrishnan, 1969; Rajalakshmi, 1971). The deceleration
of fetal growth in the low income group around mid=-pregnancy
is consistent with other observations (Bhatt, 1982;

Iyengar, 1984), The possibility of some catch up in late
pregnancy is fﬁrther confirmed by the data on frequency ‘
distribution where the proportian of low body weights

was lower in a group of fetuses of éreater than 24 weeks

of gestation (Table-69).
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parameters, This is also observed in the case of’growth-
retarded children (Gurney, 1969; Kondakia, 1969; McKay,
1969; Rutishauser, 1969).

When ratios :for different somatic measurements-
were calculated, all ratibs except weight/head circumference
and weight/crown heel iength in low income group were
comparable to high income group values (Table~71). This is
because of the differences in weight in the two categories.
These ratios did not change with the progfess of gestation.
Only head circumference and abdomen circumference tended to
decrease from 20 weeks onwards. This is consistent with
the observations of Campbell and Thomas (1977). This is
because the contribution of brain weight to body weight

declines with the progress of gestation.

Neonatal growth in relation to gestational age, growth status
and plane of maternal nutrition :-

The data on birth weight and somatic measurements
are presented in Table~72. As may be expected, all parameters
increased with the progress of gestation. Birth weights
were low in the low income group as compared to those in
the high income group. The mean birth weights of infants ‘
born in the low and high income groups are similar to those
reported by others (Kulkarni et al, 1959; Achar and Yankauer,
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1962; Udeni, 1963; Rajalakshmi and Ramakrishnan, 1969;
Rajalakshmi, 1971; Rajalakshmi et _a_E_L,. 1978). These
social class differences are in accordance with the
higher prdpértian of small-for-gestational age infants
among the poor‘(Acﬁar and Yankauer, 1962; Udani, 1963;
Rajelakshmi, 1971). The possibility of some catch up
growth in late pregnancy ié suggested by differences
"in the magnitude of the social class differences with
regard to birth wgights in premature infants as compared -

to full term infants.,

All the linear measurements increase with the
progress of gestétiqnal age as might be expected
(Figure-15A, 15B, 15C & 15D). The rate of growth
decrease after the age of 38 weeks. A distinctive fall
in the rate of growth after Bé weeks onwards have been
reported by number of investigators (Gruenwald, 1966;
 Usher and lMcLean, 1969). This was true of all parameters
(Figures-154, 15B, 15C & 15D). This deceleration in the
rate of growth is possibly associated with deterioration
in placental function (Gruenwald, 1966). Other patterns
are also observed, In the series of Thomson et al.(1968),
the weights continued to increase even after 36 weeks
i.e, upto 38 weeks and in the series of Lubchenko et al.
(1963), the weights were lower after 35 weeks, Colaneri
and Correa (1977) showed two peaks in birth weights at
31 and 38 weeks of gestation.

~
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The linear increments in all other somatic
measurements with gestational age are consistent with
expectation and other reports (Widdowson, 1968; Usher and
McLean, 1969; Bhatia et al, 1981).

The data were further analysed according to birth
weights., Neonates with lower body weights were smaller
in all dimensions in both groups in both premature and

full term infants (Tables-73 & 74).

The dgta on full ferm and premature infants in
low and high income groups are presented'in Table=75.
The values for all parameters were higher in the high
income group as compared to the low income group in both
" categories, Birth weights of premature infants in the
high income group were similar to those of full term
infants in the low income group. This suggests the
higher maturity of.premature infants in high income
group as compared to low income group. Their greater
maturity has also been observed with regard to body stores
of vitamin A (Shah, 1986). Furfher, the data suggested
that weight and mide-arm circumference were affected to
a greater extent as compared to all other parameters.
This is clearly seen when infants with weights appropriate
for gestational age were compared with small-for-gestational

age infants and premature infants (Table-76). Also, all
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3

other parameters in small-for-gestational age and
premature infants were smaller in comparison to
appropriate for gestational age infants in low income

group (Figure-16),

In this comnection, it is well known that
fetally growth retarded infants have normal subcutaneous
fat for their body weight but lower as compared to their
full term normal counterpart (Nut Rev., 1975, 1978).
Moreover, weight is readily affected while height and
head circumference are also affected with continued
‘nutritional adversity (Stoch and Smythe, 1963). Even in
chronic undernutrition, height is found to be less
affected than weight where the height deficit is as
low as 10% compared to the weight deficit which is 30%
(Cravioto, 1966), and the effects of this in the later
life are long lasting resulting in a stunted individual.

Among the premature infants two fairly
distinct categories are seen, one with weights
small-for-gestational age and the second with appropriate-
weight for gestational age (Table-73). Infants in the
later category are believed to exhibit some catch up or
accelerated growth followed by a rate that parallels’
that of a full term infant, after a period of adjustment
following birth (Jackson, 1968; Birch et al, 1970;

3
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Butler, 1972). However, longitudinal studies done in
this Jaboratory suggest that in spite of their low
weights they have a good potential for growth and
development as judged _by extensive ahthro;:ometric
measurements and neﬁromotor development (Desai,1980;

Savkur, 1980).

Howe%rér, the very fact that such babies occur
with more frequency among the poor where postnatal
» conditioné may be unsatisfacoty mey make fhe realisation
of this potential difficult. Inadequate lactation in the
mothers of such babies is associated with poor growth. |
The small size of the baby itself may contribute to
inadequate lactation as lactation perfomance' is
influenced by many factors such as the vigour of the
suckling re:t’:‘léx in the infant, and mother ch:i.ld. bonding
which in turn is :.nfluenced by the size and sex of the
infant, vocalization and responsiveness of the mother
and infant, physical contact, face to face interaction
etc. These latter factors méy. also be influenced by the
size of the infant (Cortiol and lezine, 1974; Claire _e_g al,
1975). In addition, the proportion of infents failing
to achieve a satisfactory weight at the weaning age of
six months is much higher in this group (Raaalakshmi

end Ramakrishnan, 1969).
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When ratios for different somatic measurements
were calculated in newborns (Table~77), all ratios except
welght/head and weight known heel length in low income
group were comparablg to the values for the high

income group.. These ratios did not change with the
gesta‘tion.



