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INTRODUCTION

The major ﬁqtritionql problems facing the world's
population today ;re the appreciabie prevalence of under-
nutrition in the developing countrieg and ovg};nuxrition
in the developed countries, not to mention tﬁe effects of
deficiencles of specific‘nutrients such as protein, calorie,
vitamin A, thiaminé, niacin, iron and exceéses of certain.
others like fluoride and . sugar (Moore, 1957; ;968;
Patwardhan, 1961; Liang Chi-Chin, 1962; Champakam gt al, 1968;
Jolly et al, 1968; Gopalan, 1969; Gopalan and Srikantia,

1973; Mclaren et al, 1973; Reiser gg al 1981, Bagchi, 1983).
!

Although underngérition and malnutrition are prevalent
at all ages, the consequences of undernutr;tlon are particu-
larly serious during the growth period especially the fetal
growth and those of overnutrition during adult life. The
for&e; ;§ well documented in terﬁs _of growth ;etardation,
increased morbidity and mortality, impajfment of different
facets of development (Dreizen et g;} 1961; Garn et al, 1969;
Cravioto et al, 1971; Monckeberg et al, 1972; McLaren et al,
1973; Gopalan and_Srikantia, 1973; Dobbing, 1974; Bengoa,
1975; Bagchi, 1983; Pratapkumar, 1983;) and the later with the
prevalence of obesity and degenerative diseases such as athero-
sclerosis, diabetes’hfper;ension and so an;n adults (Bierman
et al, 1968; Keys ég 2;, 1972; Nolen, 1972; Bauchetie, 1976;
Abraham et al, 1976; Gupta et al 1978; ' Verma et al 1986. Thus

these two factors (undernutrition and overnutrition) can affect



the two jfacets (fetal'period and adulthood) of life and
reduce the life gpan of an individual. The present investiga-
tion is thus chosen with interest on these two divergent groups
at Trivandrum (Kerala) to study the nutritional status widthud
few selected biochemical parameters that might be altered be-

cause of the unique pattern of the diet consumed in this region.

Southern states in India and Kerala in particular, has
a unique dietary pattern:'—The population's staple food here
is parboiled ricé of the red variety and tapioka (also known
as Cassava, Yuca and Mamioca) the proportion of which vary in
the low (LIG) and hi?h (HIG) income groups. Among the non-
vegetariansg again the éonsumption of £ish and pork makes a
difference between thé[ HIG and LId. The cooking fat is also

different in that it is coconut o0il and coconut which contain

high saturated fats and Low tocoferol content (Gopalan et al,

1

1978).

Apart from the major Qifferences‘in ‘the proximate
principng,the diet is also poor in magnesium mainly due to
the soft water in Kerala. Topioca and rice also being pbor
sources of magnesium (Gopalan gt al 1978, Rajalakshmi and
Rama Krishnan 1986) may contribute to a iowered magnesium

status in these populations.

H
§

Thus the objectives of this investigation was to, see

the effects of this diet: on fetal growth and outcome in.



relations to maternal nutritional status and 2) aging changes
in relation to diet that may alter serum components and somatic
parameters. The following review is hence di?cussed in two

s ]
sections = ;

Section I - Petal growth in relation to maternal
nutrition.

Section II - Aging changes in relation to diet.

SECTION I: Fetal Growth in relation to Maternal Nutrition

Fetal growth largely depends on an adequate supply of
nutrition and the abil#ty of the fetus to utilise this supply.
Under normal physiological conditions anabolic processes are
dominant during pregnancy (Hytten and Leitch, 1971; Calloway,
1974; €. Naismith, l§80). However maternal body weights may
decrease during the first few weeks of pregnancy because of
nau;ea and vomiting resulting from the anatomic, physiological
and metabolic adjustments that take place at that time. The
appetite subsequently inCreases to a peak during mid-pregnancy
and then declines again towards term. It is reported that the
American and Western European middle-class women increase their

energy intake by about 200 calories over the pre-pregnancy level

(Lunell et al, 1969} === ___ .

—

Poor women in this country and elsewhere, whose diet is

already inadequate in many respects, particuiarly with regard to



food energy, pro't.ein, calcium, vitamin A, riboflavin and ascor-
bic acid, also do not show perceptably increésed £food intakes
éuring either pregnancy or lacﬁation (Pasricha, 1958; Bagchi and
Boge, 1962; Rajalakshmi and Ramakrisﬂnan, 1969} Rajalakshmi, 1971;
Srikaﬁtia and Iyengar, 1972) although some studies suggest an
increase of about 300 calories on the basis of cross-sectional
studies (Sengupta and Bagchi, 1961; Shanker, 1962; Devadas et al,
1964). - |

In addiﬁion to these pregnancy is associated with a
decrease in gastric secretions of acid (Murray et al, 1957;
Hunt and Murray, 1958)fand pepsin (Gryboski and Spiro, 1956)
and increased gastric ﬁotility and tone with a consequent delay
in gastric emptying t%me (Parry et al, 1970); Degpite these
changes, pregnant women are found to show more eff%cient absorp-

tion of several nutrients including protein, ironk calcium, .

which will be discussed later.

In order to meet the demands of the growlng fetus several
physiological adjustments take place in the maternal system.
One of such 4% the expansion ofvblood-volume resulting in hemo-
dilution because of the relatively greater expansion of plasma
volume which begins around conception to reach a peak at 28-32
weeks of gestétion,(aytten and Leitch, 1971; Peck and Arias,
1979). The extent of expansion may vary from about 15 to 120%
accordiné to Lund (1951)., Plasma volume shows a progressive step-

wige incregsé over the non-pregnant state by about 2.3 per cent
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in the first trimester reaching to a maximum of 63 per cent

at term with a small plateau between 32 to 36 weeks of preg-
nancy (Rajalakshmi and Raman, 1985). Plasma ?ilution occurs
with regard to some constituents such as plasma proteins and
most serum electrolytes (Hytten and Lund, 1973). Unlike plasma
volume, red cell volume does not Change till the 20th week of
gestation after which a progressive increase is observed (6 per-

cent at 20 m» 28 weeks risjing to 50 per cent at 37 - 40 weeks)

(Rajalakshmi and Raman, 1985).

Hytten and Paintin (1963) showed a close relationship
between increase in plésma volume and the birth weights of
the infant. Women wi%ﬁ a history of still births or abortions
low birth weight infayts show in general a much smaller in-
Crease in plasma voluﬁe than normal pregnant women (Hytten and
Lei;ch, 1971). 1In this connection, in Indian women it is shown
tha£ the increase in plasma volume occurs much later than in
western women in the last trimester. A close correlation
(P /0.02) was also shown between plasma volume after 36 weeks of
gestation and birth weight of infant (Rajalakshmi and Raman,
1985). These authors hence suggested that measurement of plasma
volume in early pregnancy and a; the beginning of third trimester
of pregnancy can provide an indication of risk needing inter-

vention,

However, the changes in blood composition cannot

entirely be attributed to hemodilution or plasma dilution as



their timings do not always correspond to that of peak changes
reported for different congtituents. Also hemodilution itself
varies from individual to individual (Dave, 1980). For instance,
the progress of pregnancy is associated with ;n increase in
lipids, serum vitamin E, hormones such as pfégesterone, €stro=-
gen and prolactin, albumin but not globulin and a fall in blood-
glucose, hemoglobin, folate, magnesium and iron (Horwitt et .al
1975; Dave, 1980; Hytten, 1980; Naismith, 1980; NIN Ann. Report,
1981; Iyengar, 1982). Reports concerniné changes with regard

to certain other congtituents such as vitamin A and C are con-
flicting and bérhaps depend on pre-pregnant nutritional status
as well as nutrient supﬁlies during pregnancy (Young et al, 1946;

Rajalakshmi, 1980).

|

The higher concéntrations of several nutrients such as
calcium, potassium, phosphorus and magnesium in the fetal serum
as éompared to the maternal serum suggests a placental transport
against a concentration gradient. A greater absorption of these
minerals during late pregnancy is reported (Coons and Blunt, 1930;:
Macy et al, 1930; Duckworth and Warnock, 1942; Beaton, 1960;

Iyengar and Apte, 1970; sSchincljcar, 1970).

In terms of nutritional stress pregnancy involvesg the
daily transfer to the fetus of approximately 160-i7o kilocalo-
ries, 1.4 g of protein, 100 mg of calcium, 6.75mg of iron, 10~
15 mg of vitamin A, 3-5 mg of Vitamin C, etc., not to mention

the metabolic cost of placental transfer and fetal tissue

1



synthesis as well as metabolism of the fetus (Rajalakshmi, 1980).
The daily accretion to the fetus is much greater in the later
trimester than in the earlier stagesg of preggéncY in the case
of food energy, nitrogen, calcium, iron, vitémin A, etc,, as
judged by the rate of fetal growth and balance studies (Mitchell,

1964; Widdowson, 1980).

The val ues shown in Table-1 are average figures for the
entire gestation ﬁeriod., However, the rate of deposition varies
at different stages. For instance, the totél amount of calcium
deposited in the fetus increasesg progressively with gestation
being about 6 g at 6 ménths and 28.6 g towards term. A similar
inc;ease is séen withj%hosphorus and other constituents. Many
constituents such as!ﬁotassium, calcium, phosphorus and magnesigm
are found in higher concentrations in the fetal than in the
matgrnal blood (Table 2); The placenta seems to have the capa-
cit& to transfer nutrients from the maternal to fetal tissues

against a concentration gradient.

During the‘early stages, the developing organism stores
no fat as energy reserve apart from the essential lipids such
a phospholipids in the cell membranes. The human fetus contains
only about 0.5% of fat until mid-gestation after which trigly=
cerides are stored in the form of adipose tissues. The fat
content of the body rises to 3.5% at 28 weeks; 7.5% at 34 weeks,
and 16% at term. The amount of fat deposited per day over the

last three months of gestation is of the order of 1l4g

(Widdowson, 1969).



- TABLE - 1: Changes in body composition during the
lagt trimester of fetal growth*.
{
amount (g) in ‘Méan daily
6 months Full term increment
fetus baby (g)
Weight © 1000 3500 27.5
Water 880 2440 17.1
Nitrogen i4 64 0.6
Fat 20 525 5.5
Sodium 2.0 5.7 0.041
Potassium 1.5 6.3 0.053
Chloride 2.2 6.0 0.042
Calcium '5.9 28.6 0.240
Magnesium 0.2 0.8 0.006
Phosphorus 3.6 1.7 0.144 -
(mg) (mg) {mg)
Iron 64 280 2.4
Copper 3.8 14 0.12
Zinc 17.6 53 0.9

* Taken from:

WIDDOWSON E.M.

(1980).



TABLE «~ 23 Comp arigson of composition of fetal gerum

with maternal serum

1\

Fetus Mother

Immature Full term at

. term

Sodium (meg/1) 140 140 140

Chloride " "1 105 105 105
Potassium f 10.0 6.8 5.0
Calcium (mg/dl) : 9.0 11.0 10.0
Phosphorus " " 14.9 5.8 4,0
Magnesium " 2.8 2.5 2.0

Taken from:

WIDDOWSON E.M. (1969).
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Serum lipid levels are found to show an initial decline
before 12 weeks of gestation and rise thereafter (Peters et al,
1951; smith et al, 1959; Darmandy and Postle, 1932) with the
level; at term being markedly higher\than those either at three
months or in the non-pregnant state. Maximum lipemia is found
to occur ketween 31 to 33 weeks of gestation according to Kaunitz
and McKay (1964) and Katiyar et al (1978) and between 35 and 38
weeks according to Morse-et al (1975) and at term according to
Darmandy and Postle (1982). It returns to normal after partus
according to Morse et al (1975). A similar rise has been found

in studies on experimental animals (.&Vanberg and Vikrot, 1965).

f
!

!

The decreage in. serum concentrations of lipids during
early pregnancy (éeters et al, 1951; Darmandy and Postel, 1982)
was attributed to nausea of pregnancy (Peters et al, 1951) but
could well have been due to other factors. Considerable evidence
is now available that in nearly all tﬁe tissues triglyceride
uptake is regulated by lipeprotein lipase and that the activity
of this enzyme is a mark of its capacity to remove the trigly-
cerlde from the blood. The rise in blood lipids during preg-
nancy has been sought td be in terms of changes in lipoprotein
lipase activity (LPLA). The enzyme activity is shown to rise
in adipose tissue during early pregnancy in éxperimental anime
mals which subsequently fell as gestation progresses (Otway

and Robinson, 1968; Scow et al, 1973).
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Possible mechanisms in LPLA regulation in pregnancy have
been theorisea as that the maternal hyperinsulinism in mid-
géstation could account for the increased coq%ersion of glucosge
into adipose tissue fatty acids (Knopp et g&i 1973). Hyper=-
ingulinism on the other hand has also been shown to enhance the
LPLA activity in adipose tissue (Borensztajn, Samols and
Ruberstein, 1972). Conversely in late gestation contrainsulin
factors could deminlsh LPLA by the activatlon of cyclic AMP and
the free fatty acids (FFA) elivation occurs in adipose tissue in
late gestation. Also the diminished removal of FFA fram circu-
lation results in increased lipids in blood during late preg-
nancy. Thege changes }n maternal organism are attributed to
hormonal effects egerged by the fetoplacental unit (Knopp et al,
1975). f |
‘ The studies by Humphrey e£ al, (1980) and Childs et al,
(1981) regarding whether the hypertriglycerldemla in pregnancy
15 due to intolerance of exogenous fat, accumulation of endo-
genous triglycerides or accumulation of remnents of d /1.006
lipoprotein'metabglism showed,that‘hypertriglyceridemia in fed -
state is dué to an’increase in endogenous triglycerides and that
remnent lipid accpmulatéqn does not appear to contribute to the
endogenous hypertriglyceridemia. No intolerance to exogenous
(dietary) fat was shown and an -unimpatred delivery of exogenous
fat to qxidising tissues indicated a maxium glucose availability

to fetal growth.
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The rise in serum lipids is found in all the three
major lipid components namely triglycerides, cholesterol and
phospholipids (Peters et al, 1951; Mendez et al, 1959; Morse

et al, 1975; Katiyar et al, 1978; Darmandy and Postle, 1982).

The rise in serum lipids during pregnancy raises the
qguestion as to what extent they are transported to the fetus.
The placenta is bélievedxto be actively engaged in the produ-
ction and uptake of cholesterol required for producing steroid
hormones (Sulimovici and Boyd, 1969) and in the synthesis of
fatty acids and lipid-mobilizing substances (Lopez-Santolino
et al, 1965). At leas? 10 - 15 per cent of the maternal
cholesterol crosses tb; placenta to meet the fetal needs

)

(Chevallier 1964%6‘ m}Jsreﬂuii,n:,

The protein nutritional status in pregnancy is assoclated
witﬁ a net retention in the conceptus of about 36 g of nitrogen
which would be equivalent to about 540 g of protein. Protein
accretion is estimated to be 0.64 g/day during the first 10
weeks and iﬁcreaseé steadily to a daily average of 6.1 g during
the last 10 weeks which is also the period of maximum fetal
welght gain (Thomson and Hytten, 1966; Hytten and Leitch, 1971).
It was fashionable to recommend high prote;n requirements during
pregnancy but recent years have geen a scaling down of prote;n
allowances. &although pregnancy may impose an additional net
burden of about 900 g of protein or more (Thomson and Hytten,

1966), this extra requirements of protein is likely to be
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supplied by about‘s-lo g protein/day throughout pregnancy.

This additional requirement could well be’mgt by diets which
are gatisfactory with reéard to protein far ghe non-pregnant
women as nitrogen retention is more éfficiené during pregnancy.
In studies carried out in this laboratory, on the low income
group the urinary excretion of nitrogenbis found to decrease
from about 4.5 to 4.0 g/day in late pregnancy (Dave, 1980;
Rajalakshmi and Ramakrishnan, 1984). In Kerala, where the
dietsg are poorer with regard to protein the fall in urinary
nitrogen was found to be greater,corresponding values being 3.7
and 2.3 g/day. A number of studies show that women with a pre-
pregnant weight of 45'kg and consuming 39 - 40 g of protein per
day are found to fetaén adequate amounts of nitrogen (Mitchell,
1962; Venkatachalam, 11962; Thomson and Hytten, 1966; Rajalakshmi

and Ramakrishnan, 1969).

:

It is now generally agreed that when a women has been
regularly on an adequate diet before pregnancy, she is not
likely to require much in the way of mineral supplementation
during pregnancy. However, the supply of some minerals such
as iron and calcium may become critical for those whose diets
are already poor (Woollan, 198l). 1In recent years it is being
realized that deficiency of magnesium during pregnancy might
lead to prematurity, teratogenicity and fetal resorption and
during lactation to maternal weight loss (Hurle;ZEzgggn;97&;wﬂ“W

19176*NIN Annual Report, 1980).
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Magnesium is the fourth largest mineral constituent
of the human body after calc1um. sodium and potassium (Harsh
and siddiqui, 1973). Comparatlvely little attention has been
paid to magnesium metabolism in humans during pregnancy and
most éf the studies have peen conducted on livestogk or in
experimental animals»(Cadaﬂllggzgl, 1973). However, it is
realised thgt maternal hagnesium requirements increase during
pregnancy because of incréased protein synthesis and other
biochemical functioné related -to fetal growth. 1In Indian
fetuses thé magnesium.qd@géntappearsto be considerably lower
than those reported in;literature. (Apte and Iyengar 1972).
This might be due to the poor. dietary status of the pregnant
mothers. The demands of the fetus are particularly hlgh dur ing
the last trimester because of rapid growth. A number of inves-
tigators have found maternal serum magnesium concentration to
decrease significantly towards term (Hall, 1957; Lim et al,
1969; Caddell gt al, 1973; Annual Report NIN, 1978). In
recent years a greater'emphésis is being laid on the role of
magnegium than calc;um in tﬁe causation of pregnancy induced
hypertension (PIH) and eclémpsia. It is suggested that an
alteration in the Ca:Mg ratio might ke responsible for the
induction of PIH. (NIN Annual Report, 1984-'85). Hall (1957)
showed a response to magnesium therapy (Pafenteral magnesium

v

sulphate) in toxemic pregnant women:.

Inspite of a. fall in serum levels, high retention of

magnesium was found in pregnant women (Caddell et al, 1973;
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Ashe et al, 1979), but such retention may not take place if
the diet is inadequate and the water is sbftqsln\Kefauiyx‘
, /

‘As mentioned earlier, calcium is one ofi the nutrients
whicp is 1i$iting in the diets consumed b} the poor. The
utilization of the mineral is known to ke enhanced by long
term adaptation to low calcium diets and during pregnancy
(Nicholis and Nimalasuriy&, 1939). The apparent absorption
and retention of calcium, phosphorus and magnesium are found
to be increased during pregnancy and under deficient condition.
{Coons and Blunt, 1939f Duyckworth and Warnock, 1942; Beaton,
1961; Shinolikar, 1970). Also the improvement in calcium reten-
tioﬁ is found quiﬁe early in pregnancy when the fetal demands

are low (0.15 mg/day) so that maternal stores are enriched

during early pregnancy.

Iron 1s another mineral, the supply of which is critical
during pregnancy. The iron content of the fetus at birth is
found to be about 375 mg, on the basis of analysis. Iron
transfer to the fetus during the last trimester of pregnancy
may be as muCh’as 4 to 7 mg/day (Toverud et al, 1950). The
normal requirement for women in the child bearing age may be
of the order of 2.5 mg (NIN Annual Report, 1968) so thatthe
total requirement may be of the order of 7 mg on an additive
ﬁasis. However, iron absorptién is also found to be more
efficient during pregnancy (Balfour et al, 1942; Hehn et al,

t

1951) and increases frém 8 - 10% in the first trimester to
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25 = 30% in late pregnancy (Apte and Iyengar, 1970). Iron
absorption is dependent on the relative conceptrations of
transferrin, the iron-binding proteig of plagma (Charley and
Saltm;n, 1960) and the concentration of the ;aﬁe is found to
increase with progress of\gestation (Beatori, 1960; Gulyaev,

1974).

Regarding the adequacy of vitamin nutrition during
pregnancy and lactation, those which appesar limiting in ordi-
nary diets are vitamins A, B, and C. To this list must be added
folate because of the ;eported beneficlial effects of folate
supplementation during?pregnanCy, and also perhaps pyridoxine
whose reguirement is bélieved to be increased during pregnancy
(Heller, Salkeld and Korner, 1973; Gandy and Jacobson, 1977;
Dave, 198B0). Paradoxically, the‘later two are among the vitamins
whoge concentrations in the milk of poor Indian women geem to
compare well with those in upper c¢lass and in Western women

(Deodhar and Ramakrishnan, 1960).

While the water soluble vitamins cross the placenta
Quite efficiently, the transport of fat-soluble §itamins seems
.to be relatively limited. While the fetal liver has high con-
’ centrations of the water-soluble vitamin as compared to maternal
liver, this is nbt‘true of the fat soluble vitamins (Mitchell,
1964). The latter can be a protection against their possible

teratogenic effects. The concentration of vitamin A and



17 17

carotenoids are lower in the fetal than in the maternal blood
(Lewis et al, 1947). ' Hepatic stores of vitamin & are reported

H

to be lower ir; ha study by Iyengar and Apte (1972) than reported
. ey s !
elsewhere and&domrreni:ed that these infants may be predisposed

for az{ early development of the deficiency of vitamin A.

Most of the stores of fat solu]ple vitaminé seem to be
acquired after birth (Arroyave et al, 1975). It 'is not sur-
p;ising, therefore; that deficienéies of fat soluble vitamins
such as vitamins D, E and K are much more clcfmmon in the new
born than those of water soluble vitamins. Congenital defi-
ciency of vitamin A isfraré but not unknown. However, in
children in the rice e;éting areas, stores of vitamin A before
and soon after birth may be a contributory factor in the etio-
logy of post weaning vitamin A déficiency as milk levels are also

.low, in such women {srikantia, 1975).

The diets of pregnant and’lactating women provide about
200 =~ 400 mcg of vitamin A (shanker, 1962; Rajalakshmi and
Nanavaty, 1964; Rajalakshmi and Ramakrishnan, 1969). This
amount 1s not adequate even for the non-reproductive state.
Unfortunately, rich sourceg of carotene such as leafy vegetables
and yellow and red vegetables are not consumed in liberal amounts.
It is not surpriging, therefore, that sympéoms of vitamin A
deficiency are widely prevalent and serum vitamin A levels are
low. Conflicting reports have;been made of changes in the

serum concentrations of vitamin A,
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Serum vitamin A leve}g are found to fall during preg-
nancy and this fall was found to be preventea/by supplenent a-
tion of vitamin A (Lewis gt al, 1947; Venkatachalam gt al, 1962;
Gopalan and Raghavan, 1969). Gal and‘Parkin§On (1974) in an
extensive study thrdugh pregnanc§ and post partum period found
an initial fal‘li{ ;.n sgr‘mn 'fr‘ita\min A and cafotenoids in the
first trimester as pregnancy advanced. Towards the end of ges-
tation vitamin A values'a;;in decreaged, but rose after delivery
slowly to normal levels. Prevalence of clinical symptoms of
viﬁamin A have been observed during pregnancy and they were
reversed after partus (Dave, 1980).

. ;

/ A number of invqétigators have reported a progressive
~increase in serum vitamin E levelg during pregnancy. The levels
at term are 60 = 65 per cent higher than non-pregnant levels
(Varangot et aﬁanﬁéij Strauhfjofd and Quaife, 1946; Vobecky et al,
1973; 1974, NIN.,A1978). The rise in tocopherol is shown to be
agsociated with an increase in the lipoprotein fractions
(Dasai and Lee, 1974; Rajaram et al, 1974; Aftergood et al,
"1975) which'afe involved in its transport. The rise in topo-
pherol is cons;stenh wit@ the general increase in many serum
lipids (Davigs_gg al, 1969;'Desai ana Lee, 1974; Bieri and
Ferrel, 1976).

A number of studies carried out on normal healthy

populations showed a mean range of 0.7 to 1.2.mg percent of

serum tocopherol (Vitamin.E) and values less than 0.5 to 0.7
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were considered as deficient levels (Harris et al, 1961; Bieri

et al, 1964; Rehman et al, 1964; Leonard et al, 1972; Farrell
i

et al, 1978). I i

1

Regarding the 'B' group of vitamins, folate has come
in for considerable attention as it plays a key role in embryo-
éenesis and fetal growth. Suppiementation with folate is found
to promote birth weights in ppqtly néurished women (Iyengar and
Apte, 1970;— Iyengar, 197'1;‘ Yusufji et al, 1973; Roopnarinsingh
et al, 1976; Gandy and Jacobson, 1977). Pyridoxine has also
aroused interest becauge of the increased excretion of xanthu-
rénic acid XWachstein énd Gudaitis, 1952,‘1953) attributed
a deficiency of this ygtamin during pregnancy. Animal studies
suggest that an Qdequate supply of the 'B' vitamins particu-
larly of pantothenate may be moré critical in early gestation
assQCiated with organogenes;s than during the subsequent stages,
associated with fetal growth (Nelson et al, 1957; Mitchell, 1964).
Recently it has been pointed out by Schorah et al (1983) that
mothers who are prone to give birth to babieg with neural tube

defects, supplementation with generous doses of 'B' vitamins will

reduce the risk appreciably.

Many of these changes such as those with regard to
blood hemoglobin, serum vitamin A, folate and xanthuremic acid
are found to be partly or fully reversed'after deiivery

'(Rajalakshmi and Ramakri;hnan, 1969} Dave, 1980).
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Factors influencing gestation performance and birth weights:

Studies on gestational performance of women subjected
to acute food shortaées could be possible duridg famine, espe=-
cially in war time Europe or chronic gtarvation as in poor

segments of the world's populatiom.

Duriné the’long siege éf‘Leningrad (1941-42) when
conditions wefe reported to be particularly se;ere (Antonov,
1947), birth weights fell by a maximum of 600 g. During the
Dutch famine of 1945, mogst Rotterdam women gained only about
-2 kg during pregnancy e;nd many lost weight and yet the average
birth weight f£ell by qnlybabng 240 g with little or no effect
on neonatal mortal;tys However, the above studies refer to
periods of acute and severe shortages in foqu in pOpulétion
groups who were well nohriéhed prior to such extreme stress.
The question arises as to what happens with chronic under-

nutrition and malnutrition aggrevated during pregnancy.

Many of the early studies point to a positive relation
between the adequacy of maternal diet and the outcome of preg-
nancy. Bruke and his aséociates founé that incidence of still-
birth, neonatal deaths, prematurity and congeni;al abnormalities
to be higher in the poorly nourished group (Bruke et al, 1943a).
In contrast almost all the infants born to well nourished mothers

were found to be in good physical condition at birth. Obstetric
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performance however was also less satisfactory iﬁ the poorly
nourished mothers and the infants born to £he§e mothers were
smaller at birth. similar f£indings on the reéétion between
the adgquacy of maternal diet and economic condition, on the
incidence of still bifths, prematurity, small-for-date and
neonatal mortality have been reported by a number of investi-
gators (Graham, 1944; Monerieff, 1948; Gopalan, 1949; Varkki
et al, 1955; Thomson, 1959b; Arora et al, 1962, 1963; Aldrich,
1965; Woodruff, 1965; Nirmala et al, 1966} Rajalakshmi and
Ramakrishnan, 1969; Srivastava et al, 1976; Prentice et al,
1983, 1987; Kennedy and Kotelchwik, 1984; Matcoff et al, 1985;

Brown, 1986). ‘ /

On the other hand, several studies including those
carried out. in this laboratory suggest a reasonably satis-
factory gestation and obstetric performance of women on a
low plane of nutrition on the whole, as judged by mean birth
weights, duration of labour,itoxemia of pregnancy, obstetric
complication§ etec, (Williams and Fralin, 1942; Woodhill et al,
1955; McGanity et gif 1954; l955; Thomson, 1959; Rajalakshmi
and Ramakrishnan, 1969; Srikantia and Iyengar, 1972;
Rajalakshmi, 1977). Herver, the average performance marks
the fact that other indices such as low birth weights, pre-
maturity, still births and neonatal mortaliéy show them at a

disadvantage (Rajalakshmi and Ramakrishnan, 1969; Bhatt et al,

1969; aiyar, 1972; Parekh, Naik and Udandi, 1972; Banik and
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saha, 1975; Ghosh et al, 1977; Banik, 1978; Purchit, 1979).

7
i

In this country, mean birth weights are of the order
of 2,7 kg in the low income group, and 3,0 kglin the high
income group. But even a‘small difference of this order in
mean birth weights may signify appreciable differences in
the proportion of low birth weight infants as can be seen
from the data on low and'ﬁigh income groups in this country

(Table - 3).

Increase in protein and calorie has been claimed to pe
beneficial in some cagés against miscarriages and premature
births and still births (strauss, 1935; Ebbs et al, 1941;
Ebbs and Moyle, 1942a; Ebbs et al, 1942b; Stuart, 1947;

Arora et al, 1963; Srikantia and Iyengar, 1972).

On the other hand, in several studies, no association
was found between protein intake and birth weights and other
parameters (Huggett, 1944; Pasricha, 1958; Crump et al, 1959;
Kennedy and Kotelchwk, 1984; Metcoffzet al (1985). Prentice
(1985; 1987) found a small but positive effect on birth weights

with supplementary feeding in the WIC programme.



23

23

-dnoab swoour MOT - 5171

dnoxb swoout ybTH = OSIH

o

— v ———— - - - - - o mau oy

8 Zz v S ot o) 0°z - 9°1
9z 6 62 9T 62 0z ) §°z = 0°2
S¥ “6E- . 123 €g 6€ 6€ 0°t - §°¢
81 se 81 1€ 9T ot g*c - 0°¢€
€ . 81 S ST 9 1T 2AOCR pUR G°€
. :(Bx) sauybrem yiarg
s3oafgns 30 jusd Iad
”,
14 952 000T  OLZ ) oz8 . 18 s309(qns yo *oN
T Tera SIH 511 SIH 511 SIH_
(296T) (€96T) (TL6T)
Jenexuex pue JIeyoy TUuRPN Tuysyeteley

sesseto zaddn pue IemoT uT S3UBTEM Y3IATQ JO UOTINGTIISTA I€ TTAVL



g 24

24

The major nutritional interventions during pregnancy
include foéd energy and protein (Vénkatachalaw, 1962; srikantia
.and Iyengar, 1972; Qureshivgg al, 1873; Habiqhet et al, 1974;
Iyengar, 1975; Mora et al, 1979; Agarwal et al, 1984), Iron
and folate'(iyenga; and Apte, 1970; Iyengar, 1971; Srikantia
and Iyengar, 1972; Gandy and Jacobson, 1977) and the major

outcome is found to be the promotion of birth weights.

Ingpite of éfficient conservation and utilisation of
iron during pregnancy, anemia is a major problem encountered
in gynecological practice, hemoglobin levels below 5 g% being
by’np means a rarity (ﬁIN,~Annua; Report, 1980). Severe
ane&ia is also reséonéibie to a large eitén; for maternal
mortality and morbidiLy in poorer areas and more so in the
Case of preterm infants because of placental hypoxia (Reinhardt,
1978). Levels belowhloug/dl in pregnancy are taken to signify
anemia (Darby et al, 1963). Such levels were encountered only
in 10.3% of the pregnant women in the well known Vanderbadt
co-operative study as against arouna 50% in late last trimester
of pregnancy in India and elsewhere (Rajalakshmi and Ramakrishnan,
1969; Gopalan and Raghavan, 1969; Subbalakshmi, 1970; Yusufji
et al, 1973; Scott, Goldie and Hay, 1975; Adams and Gurung,

1977; Garn et al, 1977; Hussain et al, 1977).

Maternal hypoferremia and/anemia is associated with

reduced iron content in placenta and cord blood and at term,
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.fetal and neonatal liver stores are also significantly

reduced (Bhatt et al, 1969}_Cavill et g&,,197f; Singh and
sindhu, 1979; Singh et al, 1980). The onset of anemia of
infancy is more rapid in Indian infants, particularly in

those born of anemic mothefs and the rise of hemoglobin.to

adult values following weéniqg age is very slow and is asso-

* ciated with the outcome of-anemia (Rosario, 1971; Agarwal, 1984),
thé regultant effect of this being more premature deliveries

and fetal and maternal dééths.

A f£all in folate;ievgls during pregnancy has been
reported (Rajalakshmi and Ramakrishnan, 1969; Yusufji et al,
N INS
1973; Colman et al, 1?74; Roopnarééngh et al, 1976).

" Treatment with a single 1arge dose of iron in the
1ast trimester szgnlflcantly lmproved fetal weights and
reduced placental shrlnkageﬂ though the histological changes
found with placental aging were not reversed (Agarwal et al,
1981). However, a rise was found in iron supplementation
(Agarwal et al, 1981). studies in Hyderabad (Srikantia and
Iyengar, 1972; NIN Annual Report, 1974, 1984-85) suggest that
supplementation during pregnancy of 60 mg iron and 300-500 mg

of folic acid and 2 meg of vitamin B help'in preventing severe

12
anemias and low birth weights. Also 100 mg of elemental iron
in 1ntra~muscular therqpy dally for 10 days for those with hemo-

globin levels éﬁg/dl @ﬁﬂﬂg Aqn~ RepM1981) and 200 mg daily
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intra-muscular iron therapy for 5 days.{ mﬂ. Anhe Iiep,. 1984-85)
suggest that the later practice might prove 1#0 be an effective
strategy in avoiding discontinuation of therapy ‘and in improving
the hemoglobin levels oﬁ pregnant women as well as in increasing

the birth weight of the ‘infant.

I adequate supplies Of the fat soluble vitamins
specially vitamin A and E in pregnant women are reported to
lead the progeny to growth retardation (Baker et al, 1977;
Brandk: et al, 1978; Shepai et al, 1981; Shat et al, 1984;
1987). Thus it is éugqésted that vitamin A and E are to be
consjdered as crigical;nutrients in the prevention of low

birth weights and premature births.
!

Adair et al (1984), Adair and Pollitt (1985), Brown
et al (1986) and Prentice et al (1987) from their studies
summarised that suppiemental feeding p;ggfammes té pregnant
women sometimes may not“shéw the needed beneficial effects on
the mothers status and sometimes may even show low increments
in birth weight; because of same important mediators which
include sex of the off-spring season of birth, maternal body
size, birth of the previous infants characterised by éysmor—
phic prenatal growth,‘educa;ional status and age of the mother,
and the time of the day at which the supple5ent is offered to
the mother,"Therefofe in supplementing the at risk pregnant

women these critical factors must be considered. However the
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reduction in infant mortality rate, low birth weight babies,
and premature births can support the notion that the infant
can still benefit from maternal supplements. flt is also
stated that the limited effect of supplementétion on the
population as a whole may reflect the operation of a long term
adaptation which allow women to maintain reproductive success

despite thelir apparent marginal status.

It has thus been shown that even in the low income
Egroup a reasonable weight gain is achieved normally during
pregnancy which can bejcompared with that in the high income
group. However, in a éertain proportion of poor women, weilght
' gains may be too‘sma}l to permit normal placental and fetal
growth on the basis of the association found previously between
birth weight and weight gain in this laboratory (Rajalakshmi
and/Ramakrishnan, 1969; Rajalakshmi et al, 1978) and in other
laboratories (Eastman and Jgékson, 1968; Duffus et al, 1971;
Munro, 1973; Desai et al, 1974; Sen and Agarwal, 1975; 1976;
Stein gt al, 1975; Rosso and Chamog, 1979; Metcoff, 1980;

1981; 198la; Woods_et_al, 1980).

The capacity of poor women to adapt to low plane of
nutrition and the failure of this adaptation when nutrient
supplies are below critical levels, have beén commented on
by Rajalakshmi and Ramakrishnan (1969); Rajalakshmi (1971),

Lechtig et al, (1975) and Metcoff (1982).
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Apart from the differences in food intakes and weight
gains which result in poof'placental‘and fetal growth, poorly
’nourished mothers are also smaller in physical stature. A
correlation has been found between birth weights and mater-
nal‘height even in well_noqrished communities (Hytten and
Leitch, 1964). Simila:ly,fbirth welights have been found to
be influenced by factors such as maternal stature, caesarean
birth, perinatal mortality, duration of habpur, prematurity,
age, parity and hemoglobin levels (Butlar and Bonham, 1963;
NIN Annual Report, 1980; bLechtig et al, 1984).  As,adult
steature is determined ?rimarily by her early nutritional
status, it would appear that nutrition during the immature
postweaning period and during adolegcence may be the most cru-
cial factors which affect reproductive performance several
years later (Stewart et al, 1971; Hahn 1932 ¢-Hiiwmick, 1972).

s
In gome studies, maternal weights and birth weights

are also shown to be cor:eléted (Douglas and sScadron, 1951;
McKoewan and Record, 1957; Thomson ‘and Billewicz, 1957;
Williams, 1957; Stewart and Howitt, 1960; Clements, 1961;
Epmerson, 1962; Kblp;eidér, 19§3). In a recent study Bhétia
et al, 1983) also showed a rélation between fetal size and
welght for height ratio of the mother. This was not found to
be the casé in studies of Hillman and Hall (1964). However,
weight gain of the mother auring pregnancy rather than pre-

pregnancCy weight seem to be more critical.
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Thug, fetal growth seems to be determined by a number
of factors and it is only refently that biochemical indices
which change during pregnancy such as plasmaivplume blood
glucose, serum lipids vitamin deficiencies and other consti-
tuents and the correlatiqné between these indices and the
outcome of pregnancy have engaged the attention of atleast a
few scientiété who made attempts to determine the relative
_contribution of these éi%ferent,fagtors. In fact, studies
suggest that using these vgrious indiceg at mid-pregnancy,
it is possible to predict the risk indicators of maternal mal-
nutrition and the outcéme of pregnancy and use appropriate
intgrventiondl measur%s wherever needed (Metcoff, 1974, 1982;

‘Iyengar, 1982, 1985; shah et al, 1984, 1987).
. I )

Tﬁus pregnancy ls seen to be associated with an incCrease
in';erum lipids and body fat satisfactory intake of food energy
with an adequate proportion derived from fat may ﬁe critical.

The increase in cholesterol is critical for the stéroid.hormones
which increase during pregnancy and play a cfitical role.
Similarly the elevation of serum triglycerides is perhaps criti-
cal for fat depogition and the growth of accegsory tissues, not
to me.;:tion the need for the transfer of fatty acids, particu-
larly, essential-fattg acids to the fetus. A éuestion arises

as to whether the expected increases in serum lipids are achieved

in poor pregnant women and what are cthe consequences of failure -

to do so.



g 30

30

A similar question arises regarding magnesium status
during pregnancy as serum levels tend to fall:during pregnancy .
The guestion arises as to'the adéquacy of magnesium status
during pregnancy in an area such as Kerala, where the diets

are marginal with regard to magnesium.

The present investigftions were thus designed to carry
out studies on serum lipiaq (cholesterol, phospholipid and
triglyceride) and magnesium in pregnant and parturient woien
in relation to the period of gestation in the former and ges=-
tational age and birth ﬁeight of infant in the later. Addi-
tional investigations ?ere made on serum vitamin E and blood

hemoglobin.

Some of the changes which take place during pregnancy
such as rise in serum lipids are also found with aging. While
in the former case the changes are conducive to satisfactory
gestational .performance, this is not the case in the elderly
and may lead to obesiiy, hyperlipidemia and other degenarative
diseases. Thus studies were carried out on adults to see the

aging changes on selected parameters as mentioned earlier.
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SECTION II: Aging Changes_in Relation to Diet

Malnutrition in early life which looms:lgrge on the
horizon in the poor segments of the world's population, and
its etiology, prevalence, consequences, prevention and alle-
viation, have aroused the concern of nutritionists, social
workers ané administrators throughout the world, although
belatedly. But with thel;avent of atfluence in the privi-
lgged.segments of the world's population, other problems have
begun to manifest themselves. Affluence has lead to altered
life styles associated with an appreciable reduction in phy-
sic§l activity, replaqement of cultural traditions such as
a balance between fasﬁs and feasts by chronic feasting in-
creasing the consumption of foods of doubtful nutritional
value with high energy content guch as refined sugars and
fats, and of non-food items such as coffee, tea, alcohol and
tobacco. Thege changes have been associated with increased
prevalence of obesity, diabetes mellitus, hypercholesterolemia,
hypertension, cardiovascular disorders and cancer of the blood
and intestine (Trowell, 1972; Burkitt et al., 1974; Rockstein

andé Sussman, 1976).

With progregsive deterioration in physiological
(Gussedk, 1972; Timiras, 1972; Andres and Tobin, 1976) and
neural (Timiras, 1972) regulation, an age dependent decline is

.found with regard to resistance to radiation (Storer, 1965;
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Kohn, 1971), cold stress and other physiological (Kohn, 1971;

Timiras, 1972) and emotiocnal stresses (Kimmel, 1974).

1

It is also a mute question as to what e#;ent such
congequences are dﬁe to current life styleées, and to what
extent they are due to the long term effects of dietary patte-
erns from early life. At leagt some studies indicate a corre-
lation between diet during childhood and proneness to hyper-
tengion in later life ané between obesity in childhood and

maturity (Brozek et al., 1953; Mayer et al., 1968).

Although life span in the affluent areas of the world
is greater than that iﬁ poorer areas, disorders such as car-
diov‘ascular digeasges e;nd cancers ‘of the gastrointestinal tract
Claim a major share of adult moartality in affluent areas.

This raises questions regarding the process of aging and how
some of the diseases of the type mentioned above could influ-
ence this process. In addition, during adulthood important
changes occur in the body compSSition (Fig. 1) including a
progressive increase in body fat and a decrease in lean body
mass (Frobes and Reina, 1970). The process of demineralization
is a general phenomenon more marked in women than in men.
Similar changes are seen with age with rega;d to body weight,
blood pregsure, physical activity and other indices. Thege
changes during ontogeny are sought to be explained in terms

of theories regarding cell cycles, the capacity for cell renewal,
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the balance between anabolic and catabolic processes, and
tissue turnover rates which result in increased endogenous
losses of nutrients (Shock et al, 1963). Howevér, the ten-
dency was to accept these as inevitable alterations in various

components during the ac}ing process
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FIGURE 1: Body composition in young and old age.

Weight, height and somatic changes in the elderly:

It has long been known that during adulthood important
changes in body composition take place such as a progressive
increase in body fat, decrease in lean body mass with alter-
ations in skeletal weight (Frobes and Reina, 197¢) .

&9 In addition, the nature and magnitude of age specific

changes may vary with the plane of nutrition, Some changes
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. such as increase in body weight, blood pressure, blood glucose
levels, hyperlipyidemia etc. (Tanner, 1962, 1966, 1968, 1978;
Bakwin, 1964; Milev and Demireva, 1966; Roberts and Dann, 1967;
Zacharias gé al., 1970; Harper and Collins, 1972) seem to be
less evident among the poor who are generally undernourished
than in the affluent sections of the population with luxus
intakes. However, theseiqganges are becoming increasingly
evident in developing countries with a growing "urban elite with
altered life styles. For instance, periodic fasting followed
by feasts has been replaced by luxus consumption. But, more
striking phenomenon isfthe increase in body weight and its coun-
tinyed increase with gées after adult statureuis reached in
overnourished iﬁdividﬁals. Studies on weight change; in the
aged have peen reported by a number of investigators (Rao, et al,
IMR, 1%961; Stoudt, ggugi., 1965; Milev and Demireva, 1966;
Parot, 1966yp;; Raja;akshmi and Chandrasekhar, 1966; Underwood
et al., 1972; Watson and Etta, 1975; Angelico et al., 1976
Albrink and Meigs, 1977); Rossman 1977). The progressive increa-
s€ in body . weight is associated with ocbesity and hyperlipi-
‘demia (McDonand, 1964, lQﬁS;J@mittle, 1971)

T

On the contrary, height tends to dec;ine with
advancing age. Longitudinal studies indicated more variabi-
lity in the onset and extent Ef'decline in stature. The ten-
dency to diminish in height with increasing age is more

clearly marked in men than in women. Buchi (1950) fownd a
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decrease in height to occur during the fourth decade in males.
The decrease began at’about the age of 47 years and amounted
to 2.9 cm in those past 70 years. However, %n;overall decrease
of 3 - 10 cm around 70 years in ﬁeigbt is reported by different
investigators (Pett and Ogilvie, 1956; & Rac et al., 1961;
Stoudt, 1965; Milev and Demieriva, 1966; Hoﬁells, 1970;

Rogsman, 1977).

The decrement in height is interpreted -by différent
investigators in different ways. Stoudt et al (1965) reported
that the 'slump' in height might be due to increased spinal
rigidity, while quel;é (1970) reported it to be due to
posgﬁral habits as thé older individuals carry -themselves
with a flexion at theiknees and hips. In areas where invese
tigators reported an increase in height (Buchi, 1950; Gsell,
1967), Buchi himgelf interpreted that it might be due to
swelling in the interverteb;al discs or an enlargement of the
individual vertebrae as reported by’Isreal (1973a). These
phenomena are assocliated witﬁ diminished intervertebral disc

space and consequently, with decrements in height.

The accumulation of fat under the skin generally grows
progressively with advancing age reaching a peak at about 40
years of age for men-and between 40 and 60 yeargs for women,
after which the trend is reversed with a fall to the levels

found in the young adult., Skinfold thickness also progressively
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increases. However, in some instances, subcutaneous fat in
the arm may show little of the increase because of fat deposi-
tion elsewhere, e.g. abdomen or tﬁighs and hips. These
changes are highly variable and may nct ke found in all popu=~
lation groups not to mention intra-group variations. Albrink
and Meigs (1971) showed little weight gain or increase in

skinfold thickness with aging in the subjects he studied.

Similar observations have been made on poorly nourished
indigent male population described by Lee and Laskar (1958).
In the typical economic¢ circumstances of Western society,
skinfold meésuremgntsvincrease with aging falling off only in
thex7th or 8th decadeg, but with marked differences between
males and females (Pe£t and Ogilvies, 1956; Stoudt, et al,
1970). Ryckewsert, et al (1967) emphasized the value of mea-
surements of the subcutaneous skinfold of the back of hand.
This measurement decreased rapidly after 45 in the female
though weight continues to rise; the decrement occurs later

in males.

With both sexes, subcutaneous fat accumul ates at the
fastest rate and attains the highest values in the back. The
arm data shows the greatest difference between the two sexes
with regard to the nature of the curves as well as the absolute

degree. With men, skinfold changes vary slightly during their



life course and has the lower values, while with women it

is extremely dynamic inspite of its consideraply higher ini-
tial level. In men, the fat accumulation issvery dynamic in
the back and abdomen. ~The skinfold measuremén£s at the chest
registers the smallest differences between the two sexes

(Milev and Demireva, 1966).

Most of the skinfolds in women tend to remain stationary
until around age 65. The females could be characterized as
showing a greater deposition of fat and a longer maintenance
of the thickness of fatty depots. Of the variations in skin-
fold measurements the/humeral (triceps), paraumbelical and
dorgal skinfold of the hand have been singled out by

Bourliers (1970) as best correlated with aging.

Chest changes were not considered seriously during
aging changes. However, it seems clear that the chest under-
goes an increase in size with aging. \Among the Irish males
the chest diameter kept rising to a peak of about 30 cm,
average at 50 -~ 54 with slight deminution in the decades
thereafter to 29.25 cm in the 75 - 79 year. However, this
wag followed by a terminal rise to 30.15 in the above 80 years
of age. It seems clear that an anteroposterior diameter of
the chest is characteristic of aging and over-rides secular

trends.
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Recently Frisancho and Flegel (1983) and Frisancho
(1984) suggested the use of elbow breadth to assess the nut-
ritional status of the elderly as it is léssfaffected by
degree of adioposity than other anthropometric‘dimensions
and algo be-cause it measﬁres skeletal breadth it can ke

used as an indicator of frame size as well.

The various morphological and anthropometric changes
suggest that body composition mus; undergo major changes with
aging. Increase in skinfold and decrease in muscle mass
suggest that water, fat and mineral changes are to be anti-
cipated. It has long/been known that the organsof healthy

older people are gmaller than the younger age group (Rossle

and Roulet, 1932; Calloway et al., 1965).

‘Blood glucose in the elderly:

Blood glucoge is another parameter which tends to
increase with age in certain population groups. Interest in
this problem aroge froin epidemiological obsgervationg on the
prevalence of diabetes in different groups in a state of
transition which revealed a ten-fold increase in the prevalence
of dlabeteg as dietary habits have changes from a primitive to
a more refined, western type diet (Cohen, i961; Campbell, 1963;
Jackson, 1978; Pgior et al, 1978; West 1978), However, these

studies have been carried out on subjects above 50 years of
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age and no caomparisons have been made with young adults.

i

Strong arguments have been made’for incgeased dietary
sugar and/or refined starch intake as a contrgbﬁtor to the
increased incidence of diébetes and to effect several indices
of glucose tolerance (Cohen et al., 1972a; Cleave, 1974;
Reiser et al., 1981). However, others feel that sucroge does
not carrelate with increased rigk for diabetes. Manoz et al ,
(1978) and Jenkin et al (1978) suggested that complex carbo-
hydrates in the diet improve glucose tolefance anq prevent
diabetes and that high dietary fat intake is a risk factor
for diabetes. A decrease of total fat intake is now reco-
miended in the treatment of diabetes mellitus, Arky et al
(1982). Trowell (1975, 1978) has suggested that the very low
crude fiore content of western style diet contributes to the
eEi&logy of diabetes. Calorie density of the diet is related
to obesity, and possibly to diabetes as well. It should be

pointed out tnat rigk factors associated with diapetes are

obesity, excessive calorie intake and compositionbf the diet.

There is little doubt that the life expectancy of the
diabetic subjects is less than that of the non-diabetic one

primarily due to premature vascular disease (Marks, 1965).

As mentioned earlier, fasting blood sugar levels and

glucose intoleraence increase with age (0O'Sullivan, 1974) but
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it is not clear if this glucose intolerance correlates with
the capillary thickening of basement membrane, It has‘been
shown that in diabetes capillary basement mg@b;ane thickness
at a faster rate. The thickness of the basement membrane in
20 year old diabetic is gimilar in thickness to that of 40

to 50 years old non-diabetic.

Careful regulation of calorie intake and composition
of the diet helps to normalize the metabolism of the diabetic

and prevents complications of diaketes (Stone, 1961; West, 1973).

The,pfoneness to;diabetes mellitus after middle age
among the effluents ié well known. Comparative glucose
tolerance curves of the older and youngmen showed that the
average plood glucose levels of the older men were higher than
thoée of the young men at comparable times (Horwitt, 1953).

On the other hand, Gillum et al, (1955) who studied on old men
in age range 50 yearsg to abéve 70 years found no differences
with regard to mean blood glucose levels. This might ke

because’ the comparison was made ketween the middle aged and

the old but not between the young and the old.

It is now realized that blood glucose levels may not
necessarily be affected by age but that they show a tendency
to rise with certain types of diets and life gtyles.

Silverstone et al (1957) found diminished glucose tolerance
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in the elderly and interpreted it to be a comnon f£inding:
Silverstone et al., (1957), Gupta gg_gi,(197ﬁ)?:3erma et al,
(1986) showed that income status andléven urban rural envi-
ronments have a role to play on the incidencé éf type II
diabetes. Scholfield et al (1987) showed a racial predis-

position to glucose intolerance.

Serum Lipid Changes in the Elderly:

' Most of the emphasis with regard to dietary .lipids
was on cholesterol and the guantity and quality of dietary

fat, although some congideration is now being given to other

i
dietary constituents shch as amounts and type of carbohydrates
including fibre quality and protein, trace elements, coffee,
tea and several other factors such as exercise and smoking

habits.

Hyperlipidemia is manifested with regard to all the
major components of the serum, namely, total fats and fatty
écids, triacylglycerol (triglycerides), phospholipid and
cholesterol and tends to be agsociated with lipid deposits

on the walls of blood vessels.

Epidemiological surveys on the pathogenesis of
atherosclerosis and other related diseases due to hyperlipi-
demia lead to a number of intriguing factors to detide over

the normal cholesterol levels in gserum. This has been borne
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out by reports from many areas of the world demonstrating
a-wlde variation in the normal cholesterol levels. A
number of studies showed that serum cholesterol may vary in
relation to age, sex, race, nationality, soci&—economic
condition and most importént, the diet.(. |

I

- Role of age, sex and environmental factors on serum lipids:

A number of workers studied the serum cholesterol
levels at different ages. In an extensive study, Werner
and Sareen (1978) Qbserved that the serum cholesterol levels
increased gradua}ly aﬁ£er the age twenty. The greatest rate
of increase of serum éholesterol in males occurs from the &@0
of 20 and .., reaches the peak around 45 years. The curve
then assumes a broad curvilineariconfiguration showing small

increases upto 60 years followed by a plateau or decrease.

It is observed that in female the serum cholesterol
is lower in. compariscn to males upto the age of 45 to 50 years and
then rises up continuously showing greater differences between
sexes (Barker, 1939; Turner et al 1939; Kornerup, 1950;
Gillum et al, 1955; Keys et al., 1957; Feldman et al, 1963;
Schilling et al., 1964; Schaefer 1964; Nicholas et al, 1976;
Werngr and Sareen, 1978). 1In a recent study by Berry et al
(1986) on stepwise regression showed a high correlation

between serum cholesterol, LDL-C and age.
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An essentially similar pattern is found with regard
to serum triglycerides (Carlson,,1969; Albrink et al., 1962;
Schaefer, 1964; Schilling et al., 1964) and phOsphOlipidS
(Barker, 1939; Kornerup, 1950; Carlson, 1960; éerry et al.,
1986). The proportions of the three major lipid component.s
do not seem to show appreciable changes with age (Kornerup,
1950). Serum phospholipid changes are closely parallel to

serum cholesterol (Ahrens*ég Q;.,‘1954;.Grande et al., 1972).

High levels of serum cholesterol are more prevalent in
post-menopausal women. Serum triglyceride levels are lower
in women during 24 -~ 40 years of age and rise thereafter.,
This phenomenon of rise is not found in men of reproductive
age group. This suggests the operation of a factor which
regulates serum lipid levels in women in this age‘group.
This suggestion is reinforced by the finding in over-
ectomised women and those who underwent hystercetomy. The
protection against early hyperlipemia and fatty streaks in
the aorta with delayed atherogenesia is also attributed to
a genuine sex difference due to factors other than overian
functions (Keys, 1973) because of built in differences in

genetic characteristics.

A gignifticant correlation has been observed with
certain other parameters such as body measurements and

serum lipids (Albrink et al., 1962; Felaman et al., 1963;
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Albrink and Meigs, 1964, 1971; Panjer and Harrison, 1982)
but Schilling et al., (1964) failed to find such an associ-

i

ation.

A number 6f studies have shown that serum cholesterol
levels change (either increase or decrease) with environmental
factors, and social, réligious and cultural practices (Vialker
and Arvindson, 1954; Mendoz et al., 1959; McCullogh and Lewis,
1960; Schilling et al.,1964; Malhotra, 1967; Werner and

sareen, 1978; singh et al., 1980; Gandhi, 1982).

The relationship between the different dietary factors
such as type, guality and guantity of fat, carbohydrates,
proteins etc., with serum cholesterol and triglycerides has

been studied extensively and are summarized beley.

Role of dietary fat on serum lipids

The relationship petween serum lipids and high fat
diets and their role in heart diseases,increased blood pre-
ssure and atherosclerosis have been well documented. (Report

of the AHA Nutrition Committee 1982 (Williams et al., 1986)

Many investigators found that in populations
conguming low fat diets, the gerum cholesterol levels are
low and the people are devoid of the diseases due to hyper-

lipidemia (Bose and De, 1936; Keys et al, 1954; Bronte et al,
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1955; Keys et al., 1955; Gillum et al., 1955; Walker and
Arvidson, 1854; Keys et al., 1958; McCullagh and Lews, 19CO0;
Keys 1975; gtemlu 1979;Ghueck 1979). Howeve;,‘this view was
questioned by Murray et al. (1978); Werner gﬁhéi.(19?8) on
the basis of their gtudies on populations who had low serum
cholesterol levels in gpite of consumption of diets high in
fat content. The non-elevation of serum lipids with high
fat intake in some groupswfaisediquestions as to the factors
that are involved in raising lipid levels in serum. It has
been suggested by some investigators that it is the quality
of fat ra;her than quantity that is critical inﬁzgkevating
serum lipid levels (Gillum et al., 1955; Morris et al., 1963
Fidenza, 1969; Easty/i1970). Thus the role of vegetable oils
containing poly-unsaturated fatty acids (PUFA), specifically,
0ils such as carn oil contain;ng linoleic acid, an essential
fatty acid (EFA) in loﬁering serum cholesterol levels, came
into light (Aherens et al., 1957; siato et al., 1965; Grande
et al., 1972). However, coconut oil though a vegetable oil
shows an increase in gerum cholesterol bkecause of the nigher
proportion of saturated fatty acids present in it (McGandy
et al., 1966). Fats of animal origin such as lard and butter
also contain saturated fatty acids and their consumption is
associated with an increase in serum choleéterol while fish
and fish oils though of animal origin decrease serum choles-~
terol because of high amounts of PUFA of the type'@hB and

e fatty acids.
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Thus in areas where marine foods and oils are
consumed serum levels of cholesterol, triglycerides and
VLDL, LDIL and HDL are reported t.o be lower (Imaichi et al.,
1953; Ahrens gt al., 1959; Kingsbury et al., 1961; Nelson,
1972; Lossonczy et al., 1978; Lonnor 1986; Nestel 1986;
Herold and Kinsel 1986, Nutr. Reviews 1986). A loy fat and
high P/$ ratio are thus used in lowering cholesterol to
reduce blood pressure and atherogenisis (Iacono et al, 1983).

_ Studies have provided evidence that marine o©il has
detectable antithromputic and hypolipidemic effects because
of the Eitogapentanoic acid (EPAZO: 5n-3) and decosahexoic
acid (DCHA 22:6n-3). The role of PVFA in reducing cardio=-
vagcular diseases.by the formation of prostagladihs and
prostacycling and aversion of platelett aggregation. The
mechanism of action is summarised in table =- 4.

Tabte 4. Prostaglandin synthetic pathways 1n-blood vessels and platelets® -
-t

Dietary Linoleic Acid
(18:2n6)
W A6 desaturase
Linolenic Acid Tissue
(18:3n6) Phospholipids
) - ldoﬁgasc (P -
Dihomo-y-Linolenic
L ocidii (20:306)
& A5 desaturase X :
Phospholipase
ARACHIDONIC ACID
® (20:4n6)
Lipoxygenase
Hydroxy 20:4
{6) | cyclooxygenase
LEUKOTRIENES
(8) PGL (7) TXA:
A
PROSTACYCLIN | synthetase Endoperoxides synthestase .| THROMBOXANE
(PGlL,) " [endothelium]} (PGG,—PGHy) [platelets] (TXA,)
Prostaglandins
(PGE;, PGF,,, etc)
Antiaggregatory Proaggregatory
Yasodilation Vasoconstnction

* The scheme shows the key sites in conversion of dietary linoleic acid to arachidonic acid and then to prostanoids
and leukotrienes. The key enzymatic steps likely to be affected by dietary n-3 polyunsaturated fatty acids are | and 6



One of the lipid components, cholesterol, is widely
distributed in animal foods which is in itself a causative
factor to inc%ease serum lipids/or cholesterol. However
indiﬁiduals vary in their response to dietary éholesterol.
Individuals with higher serum cholesterol levels show a
gréater respdnse to change in their dletary fat or choles-
terol than thoge with lower levels. However it is agreed
that whatever be the respdﬁse for dietary cholesterol the
response does tend to platean at some level éf intake.
Serum cholesterol appears to be linearly correlated to
dietary cholesterol. For every 100 mg of'dietary choles—~
terol per 1000 kilocalaries in the diet an increase of 5=
12 mg is reported (Gillum et al., 1955; Hegstead et al.,
1965; Masson et al., 1972). 1In a recent article Hegsted
 (1986) showed that with a 2500 Kcal diet an increase in
intake of 190 mg/day of cholesterol would ke expected to
increase serum cholesterol by 4 mg/dl. Neutral fat augments
this effect by facilitating absorption. Thus diets with a
low amount of neutral fat may be associated with low serum

cholesterol levels even when they are rich in cholesterol.

‘In coqclusion, however, it is found that the lipid
increase or decrease in different tissues, depends not only
on the nature, quality and quantity of the fat consumed but
also on the sex, age and life style of subjects studied.

The triglycerides seem to be particularly responsive to dietary
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changes (Grande et al., 1972; Nestel and Barter, 1973).

§

Dietary carbohydrates and serum lipids

Carbohydrates comprise of simple sugars, <omplex
starches and non~nutritional complex carbohydrates, such

as fibre, pectin etc.

Among ghe differentwéypes of hyperlipidemia, carbo=-
hydrate induced varieties are relatively common and are
frequently found in asgsociation with clinical atheroscle-
rosis (Gofman et al., 1954; Carlson, i96o; Antoni and

Bersohn, 1961). , ?

A number of invéstigators have carried out studies
on the effect of different sugars (glucose, fructose, sucrose
and lactose) on fasting serum cholesterol and triglyceride
levels. It is found that in the normolipemic individuals,
these sugars when isocalorically exchanged (at approximately
30% of the caloric intake) produced no significant elevation
of serum cholesterdl (Anderson et al., 1963; Sharma and

Khaldi, 1963; Mcdonald, 1966).

However, diets rich in complex carbohydrates have
long peen known to cause low serum cholesterol concentrations

(starke, 1950; Btare, 1967). A significant lowering of blood
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lipids was observed with isocaloric substitution of starch
for sugar (Antar and Ohlson, 1965; Hodges ané Krehl, 1965;
Hodges et al., 1967; Kaufmanﬂ gg'g;.; 1967; Kaur et al.,
1967). High sugar diets temporarily increase the serum
cholesterol and triglyceride levels (Rath et al., 1973).
Most of the authors agree that a;l carbohydrates 4o not act
in the same' way and that feeding sucrose raises the tri-

glyceride levels more than an equivalent amount of starch.

In developing countries people derive 75% of their
daily energy as starch§ foods. The adult intake of crude
fibre from staréh'sou:;es in these countries is about 10-153-
;. On the other hand; in western countries 30% of their
daily energy needs is met from starchy foods in the form of
wheat f£lour, mostly refined or polished rice, and the average
intake of crude fibre in these countries is about 1.0 to 1l.5g/
day.

A low intake of fibre has been implicated in the
development of various diseases associated with urbanisation
affluence and changes in life styles (Trowell, 1572; Carlson
and Bottiger 1972; Burkitt et al., 1974; Walker, 1976;

Trowell, 1978).

Crude fibre consists of cellulose, pectins, guns

mucileges, lignins etc. when fed singly, celluloses were not



50 - 59

found effective in lowering serum cholesterol (Shurpulakar,
1972). whereas pectins are found to be more effective «

(Keys ggjg;.,.l961; Jenkip et al., 1975; Dur;;gton et al,,
1976; Gormley et al., 1977; Kay and Truswell, 1977; Stasse-
Wolthuis et al., 1979). However, pectins had no efifect on
serum triglyceride (Behall et al., 1979; Robertson et al.,
1979). Guar-gum from Cluster beans and bengal gram have also

been shown to have hypocholesterolemic effect (Mathur et al.,

1968; Jenkin et al., 1975).

The effects of cereal fibres, especially wheat fibre
is a matter of controversy. Trusswell and Keys (1976) showed
no eéfect of wheat fib&e on serum cholesterol. These differ-
ences in the effect of different fibres might be due to the.
amounts of fats, carbohydrates and cholesterol in the diet
or may be due to differences in the type and amount of fibres.
When a high carbohydrate diet is coupled with a diet contain-
ing high fibre, the anticipated rise in fasting serum lipids
(triglyceride especially) does not occur (Albrink et al., 1979).
Kirby et al., (1981) and Williams et al (1986) observed a
negative relationship between plasma smaller LIDL cholesterol

particles and dietary (soluble) fiber intake.

These are attributed to get formation, water holding
capacity, matrix formation, bile acid absorption; cation

exchange and antioxidant activities of various components of

crude fibre,
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Effect of plant and animal proteins on serum lipids

:

Several workers have reported on the baéis of epide-
miological surveys a positive correlation beﬁwéen per capita
intake of total calories,‘fat and protein and mortality due to
coronary heart diseases (Keys, 1953; Yerushalmy et al., 1957;
Uwdkin, 1958; Jellife et al., 1959). Though other factors
are also known to ke involved in hypercholesterolemia and
atherogenesis, most of the emphasis has been laid on dietary
f£at and cholesterol., E‘;ome consideration has been given to
other dietary constituents such as sugar and fibre, but not

much attention has been paid to dietary protein (Carroll,

1978).

Proteins derived from animal sources have a greater
tendency to elevate plasma éholesterol than proteins derived
from plant sources (Beveridge et al., 1959,;.. .0, Welker et al.,
1960; Beveridge et al., 1961; Mathur et al., 1968; Behall et al.,
1978; williams et al., 1986; Park et al., 1987). This has been
interpreted to “be due to increased levels of very low and
low density lipoprotein cholesterocl (Terpstra et al., 1982, 1983)
Campbell et al. (1965) substituted wheat gluten for a casein-
lactalbumin mixture as the chief source of nitrogen and found
no significént chanées on serum cholesterol total 1lipid, sterol
ester, glycerides, phngholipids and unestrified fatty acids.

However, most of these studies are based on purified proteins



which may have a different effect when consumed ‘in the form

in which they are present in foods. t

It is also to be noted that plant and animal foods
contain the triglycerides‘which may have a variable influ-
ence on serum lipids (Kinsell et al., 1952; Bronte-Stewart
et al., 1956) because of differences in their fatty acid
compogition and plasma cholesterol changes in response to
dietary proteins (Beveridge et al., 1963). This seem to

vary in men and women, the response being less in men.

The increase in serum cholesterol level with animal
protein has been attrihuted to several factors. The avail-
ability of amino acidg in the two diets, might affect amino
acid utilization. Though the total dietary protein content
of both diets may be the same, the effect on cholesterol
mobilization is poor in vegetable proteins diet.  Here the
amino acid composition of the food plays a role (Park and

Lipa, 1982).

Animal proteins correlate positively with concentra-
tions of total cholesterol, triglycerides VLDL cholesterol,
smaller LDL mass and VLDL mass while plant proteins appear
to be inversely related to triglycerides, émaller LDL~mass
and both the cholesterol content and the total mass of VLDL

particleg. It has also been shown that serum concentrations
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of smaller LDL increase liné%aly as the proportion of total
' calories from animal protein is increased (Williams et al.,

'
!
/

1986).

Foods with cholesterol lowering effects

It is now generally recognised that elevated serum
cholesterol contributes significantly to the genesis or
progression of hypertension, atherogclerosis etc..in man,
and that changes in blood coagulation mechanism are in-
volved in the development of thrombosis and atheroscelerotic
vessels. Nuﬁerous efforts have been made to reduce serum
cholesterol and fibringlytic activity in the treatment of
hyper-cholesterolemia and cardiovascular diseases. Various
substances that were reported to be of value include nicoti-
nic acid, thyroid analogues, sitosterol, estrogens, onion,
exchange resins, EDTA, androsteron, vanadium, and salicy=-

lates (Gupta et al., 1966).

It has been‘found that administration of garlic and
onion can prevent alimentary lipemia (Jain, 1973) and also
increase fibrinolytic activity. Garlic is also reported to
inhibit the development of experimental atherosclerosis’
(Bordia and Bansel, 1973; Jain et al., 1973). Sainami etal.

(1979) have shown that even those consuming small amounts of
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garlic and onion are better ‘protected and that a routine
consumption o©of onion and garlic has a protective effect

in maintaining low serum lipids at normalj limits.

Magnesium status in the elderly

lMagnesium iﬁadequacy is not uncommon. Epidemiological
‘evidence that soft water and diets with high Ca/Mg ratio
increase vulnerability to.. cardiovascular disease (Anderson
et al., 1975) indicates that when magnesium intake too
provided by drinking water is low can be critical. Alter=-
native epidemiologicalgstudies have suggested that people
living in areas with hard water have a higher myocardial
magnesium concentration thcb \ resulted in a lowered inci-
dence of sudden death due to ischemic heart disease
(Anderson et al., 1975). Nevertheless determination of
magnesium status is not a routine even in hospital patients
with disorders the nature and/or treatment of which cause

magnesium loss (Seelig, 1981).

The importance of magnesiwa in the mineral metabolism
of the body is currently receiving increased attention. The -
body contains approximately 2g of magnesium of which 65% is

in muscle and bone,

Magnesium plays many vital roles in the body. It is
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an important component of bone. As a coenzyme it has a
pivotal position in normal physiology participating in many
eﬁzyme systems governing both carbohydrate ané protein meté-
bolish. It is concerned with normal neuromuscular functions
in both cardiac and skeletal muscle. Cardia;: rhythm distur-
bances have been documented in patients with hypomagnesemia
(Enschberg et al., 1950; Chaldla et al., 1972; Iseri et al.,
1975) and treatment with magnesium has been described for

these abnormalities.

3

Magnesium defic;éncy has been thoroughly studied in
rats. Briefly this condition results in peripheral vasodi-
latation, convulsioné, a rise in plasma calcium and Nephro-
calcinosis, defective coypling of phosphorelation with oxyda-
tiop and consequently elevated levels of basal metabolism
similar conditions have been reported occagionally in man.
Convulsions which may be fatal have also been reported

(Hanna, 1961).

Fischeér and Girowx (1984) found an accumulation of
sodium in the myocardium during magnesium deficiency. How-
ever the same authors in another article indicated, that
though the magnesium deficiency does not exért any effect
on the number of godium potassium pumpsites it does deégase

the activity of the pump suggesting that it leads to an
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increase in intracellular sodium. This in turn is suggested
to change the membrane potential and contribute to arrhythmias

i
associated with magnesium deficiency (Fischer and Girowx, 1986).

Althra and Altgﬁaﬂl981) reviewed the mechanisms under-
lying the relationshiﬁ between magnesium and blood pressure.
It is indicated that hgpomagﬁesemia potentiates contractibi-
lity and attennates relax;£ion of vascular smooth muscle in
response to neurohormonal substances such as prostagﬂamdins
and P—adrenergic amimes. It has been postulated that if the
concentration of extra cellular magnesium is lowered calcium

influx is enhanced and results in an increased contractibility

of gmooth muscle.

Altura et al (1984) found increased blood pressure
with decreasing magnesium levels in the diet. Also Berthelot
and Esposito (1983) noted a rapid increase in the blood pre-
sgure level and heart rate in rats fed on magnesium deficient
diet (0.008%) compared to those fed a normal amouﬁt of magne-
sium (0.2%). Dietary magnesium modifications seem to alter
the electrolytss composition in blood and extra cellular fluids

resulting in a change in the blood pressure.

A number of workers showed a correlation between

vascular disease and the hardness of water (Anderson et al.,

\

' 1969; Crawford et al., 1971; Editorial: Br. Med. J. 1963) and
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magnesiuwn has been suggested as the main protective factor.
{Browne 1963; Selig and Heggtvit 1974). Bershon and Oelofse
(1957) demonstrated - high serum magnesium levels in Bantus
than in Europeans. similarly Charnock et al (1959) found Row
incidence of myocardial infarction in Europeans and Aborigines
in Alice Spr;ng with high serum magnegium levels. On the
otherhand Abraham et al (1978) found no association serum
ﬁagnesium levels and clinically evidenced pressure and absnece
*bg Ischemic heart disease. A controversy still thus exists on

the physiological role of magnesium and heart diseases.

In hyperthyroidism hypomagnesimia is reported with
neurocmuscular irritability in patilents and a reversal of
clinical signs and stptoms after/magnesium sulphate therapy
(Brown et al., 1958; Lee 1960; Wallach gg'gi., 1962; Harsh and
Siddique 1973). This however has been attributed to vasodi-~

lator effect of magnegium sulphate.

Harsh and siddique (1973) studied the role of magnesium
: in pancreatic enzymes, essential in the digestion of food.
Derangement in magnesium may affect pancreatic function.
Magnesium levels are oftén altered in diseases of pancreas.
Magnesium deficiency has been reported as a‘complication of
the diseages of small intestine, celiac disease, enteritis

childhood malnutrition, chronic renal disease and disorders
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of parathyroid (Wallach et al., 1962; Booth et al., 1963).
Hypermagnesemia is reported in advanced ufena; disease and

et 33
hypothyroidism (Wallach,. 1962).

The range of narmal serum magnesium levels are not
found to show age specific or sex differences and may not
necegsarily reflect dietary intakes or total body magnesium
(Wallach et .al., 1962; Kedarnath et al., 1969; Abraham et al.,
1978). However, normal levels do not rule out deficiency

under very low levels of intake.

i

Patients with serum magnesium levels less than 1 m
eq/lit (1.2 mg/dl) were also found to have hypocalcemia and
magnesium supplements’ are needed where magnegium levels were

below 1 mg Eq/lit. (Booth et al., 1973).

J

Aging is thus associated with several phy;iological
and biochemical changes including those in blood pressure,
physical capacity, neuromotor spéed, sensory activity, bone
loss, bodf c0mp03ition'and constituents of blood and serum
such as blood glucose and serum.lipids. Magnesium:is also
a likely candidate for these changes. Many of these changes
are not inevitable concomitants of the aging process and the
nature and magnitude of these changes vary with dietary
patterns, life stylesg, non-dietary factors such as cigare-

tte smoking, environmental factors etc.
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Thub
The present studies were,aimed to investigate the

role of dietary factors in influencing the crucial facets
of life -~ The fetal growth in relation to maternal status on
one hand and the age related changes after cessation of

growth on the other,

The area of choice for these studies was Kerala as
indicated earlier a state where the diets of the poor present
unigue features in)that not much of fat is consumed by the
poor except for small quantities of coconut oil and coconut
which are deficient infessential fatty acids (EFA) and toco-
ferols. As rice and tapioca are the staples consuned and
the water is soft the diets of the poor tend to be marginally

deficient in magnesium as well.

On the other hand the diets of the upper clags consist
much more fat, milk, méat and fish and are likely to be more
than adequate. In fact the excess consumption of coconut
and coconut ©0il which are highly saturated is likely to be
assoclated with hypercholesterolemia and obesity specially

with advancing age.

1. The fetal growth studies were carried out in the
low (LIG) and high (HIG) income groups particularlywith
an interest to gsee the status of these poorly nourished

éregnant and parturient women with regard to changes in body
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weight and changes in blood hemoglobin, serum lipids, vita-

min E and magnesium.

2, sSimilarly the aging studies were made to see the
age-specific changes starting from 20 years onwords upto
70 years with regard to selected parameters such ag somatic
measurements, blood glucose serum lipids and magnesium in
relation to plane of nutrition and sex differences. The

results of these investigations are presented in this thesis.



