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RESULTS AND DISCUSSION

Dietary Pattern of Low and High Income Groups

As has been indicated in 'Materials and. Methods'
dietary information was éollected from a total of 153 preg-
nant women and 357 adult men and women in the high (HIG)
and low (LIG) income groups totalling to 510 families.

To know ihe diet pattern and ;:onsumption of various nutri-
ents in this region, dietary intakes of these were calculated

at random from 241 families.

fhe major components of the diets consumed in the
region studied are shown in Table 9 and 10a. In Kerala, con-
sumption of fish and other animal foods by non-vegetarians in
the high income group accounted for the relatively high pro-
tein content of the diets consumed, whereas taplioca consuup-
tion accounted fof the relatively low protein content or the

poor people (Table 10b).

The amount of fat consumed and the food sources of
fats such as fish, fresh coconut, coconut oil and milk
contribute not only to diiferences in fat content but also
with regard to FPUFA and tochopherols (Table - 10b) between

HIG and LIG group.
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Earlier studies from this laboratory conducted at
Kerala also suggested that the tocopherols and PUFA consump-

tion of Keralites are lower than those at Barcda (Thomas, 1975).

As indicated earlier, Kerala's staple cereals are rice
(parboiled red variety) and tapioca. However, the proportion
of these vary in the low and high income groups. In the high
income groups (vegetarian. and non-vegetarian) tapioca is
consumed rarely or occasionally and is prepared more as a
delicacy in the form of special dishes and not as a staple,
whereas in the low income group the amount of tapioca consumed
is as much or more than that of rice. So in order to see the
calorie contribution of these cereals to the total calorie
content of the diet, the calorie content of the staple cereals
of LIG and HIG was calculated (Table 11). It can be seé?from
this table that 26% of the total calories in LIG are from
tapioca whereas in HIG the calorie contribution from tapioca

is only 20% and 8% in HIG vegetarian and HIG non-vegetarian

respectively.

Apart from the major differences in the proximate prin-
ciples of the diet, the diet is also poor in magnesiwn mainly
due to deficiency in the mineral content of the water (Table-
10b). 1In Kerala, the water is soft and both the staples used,

namely rice and tapioca are low in magnesium (Gopalan ¢t al.,
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1978; Ramakrishnan and Rajalakshmi, 1980). Although in
Tamilnadu (neighbouring state) the staple diet is also rice,
the side~dishes used are based on pulses, vegetables and
tamarind, all of which are reasonably good sources of magne-
sium. In addition, the water there is hard and is likely to
contain appreciable amounts of magnesium and calcium. The
poor diets in this region thus provide approximately 100 -
150 mg/day of magnesium where as the recommended allowances

is 300 - 400 mg/day for this mineral.

From Table - 10Ob, it is also clear that the tocopherol
content of the diet is considerably loéfgzgause the fat used,
if any, is coconut oil which is low in tocopherol. ' l'or example,
the poor diet in Gujarat is based on wheat, bajra and rice and
at least 15-20% of groundnut oil. Here LIG diets (Barcda) are
estimated to provide, -10-15 mg of tocopherol. Similarly in

Madurai also since the fat is either groundnut/or sesame oil

(rarely) the tocopherol content is similar to that of Baroda.

Apart from differences in tapioca consumption, the diets
of the tnree groups, namely LIG which is exclusively non-vegee

tarian and HIG which has both vegetariansg and non-vegetarians,

differ with regard to other £ood constituents as well. This
can pe seen from the day's menu in Table~12. In the LIG

wihile consumption of fish is regular meat and eggs is rare.
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However, f£ish is generally not consumed on Sundays and during
the spawning season. Qhen fisn is not available a side dish
prepared from either coconuts or legumes is suwbstituted. All
these are prepared in the form of a special gravy and thus in
LIG the amount oﬁefish or coconut or legume i#much less than
in tne upper class. Because of these unique features of the
diet in Kerala region the actual food consumption was calCu-
lated for the different groups i.e. HIG vegetarian ana non-
vegetarian and LIG groups. These differences in types of food
and amount consuned are evident from Taple-~i3. In hIC the
amount consuned for all the foods listea were comparatively
nigher than in the LIG. In HIG, tne tyge of foods congumed
includes meat, tish and eggs for the non-vegetariéns, whereas
the LIG nonvegetarians mostly consumed only f£ish, the quantity
of which was comparatively less. Moreover, in the HI1G, Lecause
of the growing awareness of the effects of saturatea fats in tae
diets, in recent years people are slowly changing to the use ot
groundnut/or seasame oil. However, the old pattern still
continues inwost. ot the familics, the effects .of which will

be discussed in a later section on adults (aging).

Thus in all the three groups (HIG (V., & N.V) and L1G)
the dietary patterns are found to differ in some resgpect from

those in the other. They differ from even the neighbouring
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Tamilnadu, where tapioca is hardly consumed and the consump-
tion of polished rice is the usual pattern. :’Ir.x the upper
classes legumes and fish are consumed to a less extent. Also
the oil consumed is groundnut/or sesame oil. Thus the dietary
patterns in Kerala are such as to lead us to expect some
difference in the nutritig;zal/or biochemical status of Kerae
lites and people in other regions (e.g. changes in biochemical
profile gpecially serum lipids and magnesium and vitamin E
duing pregnancy and in i/aging populations) and between vegeta-

rians and non-vegetariansof the same vegion.
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PART-I

Studies on pregnant and parturient women

H

A: General information on diets and blood hemoglobin:

although .
As mentioned earlier, poor women in this country and

elsewhere show by and large, a successful gestation perfor-
mance (Bagchi and ‘Bose, 1962; Rajalakshmi.and Ramakrishnan,
1969; Jensen et al., 1975),:2 poor plane of nutrition of the
mother during pregnancy may influence her gestation perfor-
mance and the outcome pf pregnancy by affecting physiological
responses of the mothe; and her pregnant state and thus jeo~-
pardise the optimal growth of the fetus in-utero (Winick, 1969;
1976; Duffus, 1971; NIN Ann. Report, 1972; Rajalakshmi et al.,
1978; 1980; Iyengar, 1984). It also results in inadequate
preparation for lactation (Hytten and Leitch, 1971; Draper,

1980).

The successful outcome of pregnancy depends on the
amounts of hormones secreted at different stages of pregnancy
altering the rates of degradation and excretion of various
substances. The reorganisation of the normal female endocrine
system is to a large extent initiated by thé emerging endocrine
functions of the placenta. Hormones produced by the co-operative
effort of the placenta, fetal adrenals and liver appropriate

the role of the maternal endocrine organs. Thus, the fetus

10y
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is directly involved in the maintenance of pregnancy, the
important feature of which. is the assurance of an adequate
nutrient supply (Naismith, 1980). The mothers.of prematures
and small for dates may be the ones who fail to show the

expected physiological and biochemical responses to pregnancy.

The possibility of using biochemical indices which
alter during pregnancy as indicators of satisfactory progress
of gestation is currenily engaging interest of many nutri-

tionists and medical professionals (Metcoff, 1974; Metcoff
‘ RATALAKSHMI % RANAN (985~
JﬁShah and Rajalakshmi, 1984,

1987). The present studies are therefore concerned with the

et al., 1982, 1985; Iyengar, 1982;

question of how selec#ed parameters such as serum lipids
(cholesterol, phosphoiipids and triglycerides), serum magne-
sium and serum vitamin E are influenced by pregnancy and to
what extent this influence is modified by the overall plane of

“nutrition.

These studies were therefore carried out in Trivandrum
with respect to serum lipids (Cholesterol, phospholipid and
triglycerides) Vitamin E and magnesium status in pregnant and
parturient women. Additional studies were earried out on mother-
infant pairs for cholesterol levels in serum. Details of
information about thege subjects and their health status were

recorded and described krietly.
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The studies were carried out mainly on a Cross~sect-
1onal pasis in: pregnant wamen and with respect to parturient
women these were the ones who were admitted to the nospital
well before delivery. Therefore the information of these
women 1is available also wefore partus. Taple —f%y glves the
comparative general information acout the subjects from HIGC
and LIG. As can be seen from the table, the mean maternal
age, gestational age and parity are comparable in both the
groups. Consistant with the several reports the average ovody
ﬁeights of non-pregnant non-lactacving (NPNL) wowen of [HIG and
LIG differed (HIG = 46.2 kg; LIG = 42.0 kg).  With respect to
the nean body weights during different stages of pregnancy,
welght gains/or weight changes cannot e commentea as the rela-
tive number reguires to e considerably high to make sucnh a
comment . However, for those subjects that were studiec Loth
before and after delivery (Table -15 ) indicates tnat the loss
in weight during delivery is - more or iess similar in both HIG
and LIG and 50 per cent of this weight loss could be accountwd

ror the weight of the infant.

The small differences in the weight losses (~v 500 g)
though not significant are due to small différences in the
birth weight, placental weight and other losses. It 135 not
possible to know what was the exact weight gain of motiwrs
auring pregnancy and whether there was any change in the

maternal weights after delivery from tnat of her non-pregnant
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welght because the subjects were contacted only after they
visited the hospital for check up. One thing«whiéh is con-
sistant with earlier observations from this department and
elsewhere is that, in spite of considerable differenceé in the
intake of food/or_nutrients'between HIG and LIG the pregnancy
ocutcome is satisfactory as judged by birth weights of infants.
(McGanity et al,, 1954, 1955; Bagchi and Bose, 1962;
Rajalakshmi and Ramakrisﬁggn, 1969). In this connection it
is well known that during pregnancy, the efficiency of uti-
lising the nutrients increases considerably and specially
during the last trimester of pregnancy. To mention a few,-
nitrogen retension (Mi£chell,_;g§2; Venkatachalam, 1962;
Thomson and Hytten, 1966; Rajalakshmi and Ramakrishnam, 1969).
Calcium absorption (Shinolekar, 1970) iron absorption in normal
and anemic (Apte and Iyengar, 1970) phosphorus and magnesium
absorptions or retension (Coons and Blunt, 1930; Beaton, 1961;
) Gre the stuadies
Caddell et al,, 1973; Ashfgg'gi, 1979) , « Perhaps in women who
thrive oﬁ marginally adequate nutrients the efficiency of uti~
lization increases much more than those from HIG and such a
possibility has been evidenced from earlier studies in this

laboratory as well (Rajalakshmi, 1980).

To have an idea about the general health status of
the subjects blood hemoglobin was also measured and are

presented in Table - 1} . By and large women from LIG group



aramon yny mised-isod Surpedcesd ay) 03 DPOISEmOD THAST 10°07 J 38 JUBOIFTUIID %

——— A S

(0°LL=0°L)(EZbm0"0L) (L°Lb=G L) (6°LL=G*6) (6°L1=0°8) (2BL=L°C) (BEL=0°6) . oty

Gh 0Ty L1°0TB0L 0Z°CTLe0b CLeOTL°OL 22°076°0b 02°0V6°0L B)oTE ey
0 9t zz A2 6t < N Se520 J0°on
T 511
i (0°€1=0°6) (5°Z4=0°6)(0°Z4=0°01) (2°Zh=1°8)(4#*E1=9°0b) (£°Cb=5°08) Sy
Lk aLe0Tasle ol°oT2ebt LL°OFHoLL LZ°OTECLL £2°0FA°Lb. )eoTacti weay
- 12 = A S a e Se899 30 ‘o
‘ T 510
*a°® ¥ uvem (Tp/3) upqorFomsy poory
seevo] (el  _ .o | i i . m
amnjeuasy jmer-Trna | OV < M6 § O€ =42 02k ¢ Ob “aaﬂmgwm
g&w&ﬂ.««o& .m TwoT3B3Sa? Jo Sy2a4 ~uoN M

*TIIPUBATIL UT Sdnodd smoout (OTT) AOT Puz (prH) yity up
ungred=gsod pue w73e3Red Jo 83998 JUSISIFTP Suranp STsAST urqorfousy poory ¢ JI=FTavy



log’ 108

are known to have lower hemoglobin values compared to their
age matched women from HIG. These differenceg on the average
basis do not gppeér very large but often fouﬁd to be due to
greater number of women having biood hemoglobih values in

the category of low and deficient norms (/_ 10.5 g/dl accord-

ing to ICNND norms).

One of the physiolgg;cal phenomenon of pregnancy is
a progressive decline in the blood hemoglobin which is sig-
nificant in the third trimester. This has been attributed
to hemodilution. 1In the present study which is cross-sect-
%onal as mentioned eariier with wide intragroup variations and
sma;l sample size.the/%verage hemoglobin for non pregnant are
11.8 g/dl and 11.3 g4a1 for HIG and LIG respectively. At
term (30-40.weeks) it is 11.2 and 10.1 g/dl respectively and
theivalues in between gestation periods are not very consistent.
If one considers the difference between the non-pregnant and
for those who are J» 30 weeks of pregnancy the féll in hemo-
globin is of 0.6 g/dl for HIG and 1.2 g/dl in LIG group and
postpartum values returning to that of non pregnant values. A
Similar trend (Table 17 ) has been reported by National Insti-
tute of Nutrition (Annual Relport, 1985-86). However when the
values are arranged with two weeks interva;s a lowest value
was observed between 26-~28 weeks of gestation. Since the

Present i

interval in the, study was 10 weeks this trend might have been

Obgcured.
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However, in the present study the fall in hemoglobin
fell short of significance and even in betwegh the different
intervals of pregnancy there appears‘to be fluctuation.

These discrepancies between the present and other reports

may partly be due to the fact that all subjects included in
the study are taken from the outpatient clinic of the general
hospital where routinely women are given iron-folic acid
supplémentation. Kerala being a state where the educational
level and awareness is high even among the poor the health
problems might have ma@e them quite receptive and cooperative
to such supplementary feeding programmes which are in imple-
mentation from the pas; 15 to 20 years. Infant mortélity rate
(IMR) is reported to be very low in this state (UNICEF, 1987).
3uch a cooperation was also observed when. a collegue was imparte
ing nutrition education to mothers in the rehabilitation ward
(Pratapkumar, 1983). As a consequence of greater awareness a
smaller incidence of anemia might be érevalent in these women.
This might e due to the influence of (supplements) greater
circulating iron on the hemoglopin of these mothers. However,
the frequency distribution pattern does show that greater
number of women in the low income group during the third trie
mester are falling into low and deficient hemoglobin category
(Table jgf). Also it is observed that this percentage is much
lower in the present study than that reported by an earlier

investigator (Dave, 1980) the low and deficient values duringil, ~
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3rd trimester being4Q6% and é&% regpectively in the two -
) " . ;
studies an T Low AmCome Ghowp -

Thus in the present\siudy women from LIG group were
much better off with respect to their hemoglobin status
compared to earlier studies from this region. The body
weights although were smaller were not grossly under weight

P

and are satlisfactory.
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studies on serum lipid levels in pregnant and

parturient women.

i

It is well—knownlthat serum lipids risé during preg-
nancy‘(Hansen et al., 1964; Aurell and Cramer, 1966; Green,
1966; Taylor, 1972; Taylor and Akade, 1975; Morse et al,
1975; Punnonen, 1977; Darm%@y and Postle, 1982; Knopp et al.,
1982). At least a few stﬁéges suggest that the rise may be
affected by plane of nutrition én the basis of social class
differences found in this phenomenon (Ahrens et al, 1957;
Brown et al, 1966; Dalderup et al, 1969; Spritz and Mitchell,
1969; Lewis et al, 1926; Taylor and Akande, 1975; Potter and
Nestel, 1976; Mellies'et al, 1978). It has also been found
that a failure of incfease in ma£ernal serum lipids according

to the expected rate may influence the lipid status of the neo~

nate as judged by cord serum lipid levels (Vobecky et al, 1982).

In view of these observations it was considered to be
of interest to investigate, to what extent tbe expected in-
crease in serum lipids is achieved during pregnancy in the
low income (LIG) women of this region whose intake of food
energy and fat are low. Invegtigations were carried out bet-
ween maternal and neonate's serum levels of cholesterol in

relation to each other and in relation to gestational age and

growth status of the new born.

llg
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The serum lipid levels ‘'during the different gestation
periods and.post-partum are presented in Table -y8. as can
be observed the total lipids showed a small ée;rease in the
initial stages of pregnancy with a progregsive increase after
10 weeks till partué. The initial f£all in total lipid can be
attributed exclusively to a fall in the triglyceride fraction
ag cholesterol and phospholipids did not show a similar mag-
nitude of fall. The pat%é;n is consistenti in both income
groups. However, the low (LIG) income group consistently

showed lower levels at all gestationai periods.
';"’ ’ .

For trzglycerxdes, the values dropped at 10 weeks of
gestatlon followed by a significant rise at each stage of
pregnancy (Table - ﬁi). The pattern was consistent in both
the income groups. Tﬁough the values obtained for LIG were
consistently lower than HIG at all the stages studied, they

were significantly lower only at the later stages of pregnancy

(30 = 40 weeks) (Table = |9).

A similar decrease in triglycerides in early pregnancy
has been observed by a mpumber of workers (Peters et al, 1951;
Green et al, 1966; Darmandy et al, 1982). Some of the experi-
mental work with animal models and humans showed that a fall
in triglyceride levels in early pregnancy is due.to the

lipoprotein lipage activity (LPLA) and the post hepgrin
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lypolytic aqtivity (PHLA) (ﬁritchard et al, 1968; Hamosh, 1970;
Knopp et al, 1973). It has also been shown that this fall helps
in the initial fat storage in adipose tissue éy enhaqcing the
conversion of glucose into adipose tissue triglyceride fatty
acid ;hdld;minished‘neleaée of free fatty acids (Hamosh et al, .
1970; Knopp et al, 192?). studies by Gillespie (1950) and
Hytten (1954b) showedian increase in weighéé of uterus and
mamvary gland volumes'ﬁh;ch'might also require additional
energy for tissue buildiﬁg, Thus this initial fall is a meta-

bolic adaptation as a maternal preparation for the later cata-

bolic events in adipose tissue.
/

/
|

/
i R
After 10 weeks of gestation a significant rise in tri-

glycerides is evident{in both the groups (Table =19). These
findings are consistent with"lonéitudinal as well as Ccross-—
sec;ional studies (Horwitt-gg g&, 1975; Latner, 1975; Morsé

et él., 1975; Montes and Knopp, 1977; Punnenon, 1?77;\Katiyar
et al, 1978; Knopp et al., 1982; Darmandy et al, 1982). However,
the period when peak’values,ére attained varies accordiﬁg to
different investigapors; A:gregressive rise during pregnancy
in serum triglycerides has been observed from the third month
onwards, the values at term being about one=-third times higher
than those at three months. Katiyar et al (1978) found peak
lipemia to occur between 31-33 weeks of gestation. Morse et al,
(1975)’found the peak occuripé at 35 - 38 weeks of gestation.

These differences may be due to the plane of nutrition.
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Conflicting views are'p:esented regarding the héper trigly=-
ceridemia of pregnaecy in fed state and hence was studied by

a number of workers, '_Scow and Chernic (196%3{ Bierman et al,
(1966) suggested prior iqtplerance'to dietaéy fat and dimi-
"nished triglyceride removal. On the other hand Otway and
Robinson (1968) Baron and Stein (1968) suggested accumulatlon
of endogenous triglyceride due to increased entry and or dimi-
nished removal. Childs'gg al, (1981) showed an unimpaired de-
. livery of exogenous fat to oxidizing tissues which maximise
glucose availability for fetal groweh. A few other investiga-
tors showed saturatioq of hepatic clearing mechanism.
(Redgrave, 1970; CQOper and YU, 1978). Noel et al, (1979)
and Swift et al (1979) reported a stimulation of lippproteins

in the d /_1.019 range.

; Fain and Scow (1966),AKn0pp et al., (1973), Knopp (1975)
Childs et al., (1981) however pointed to a biphasic pattern
of pregnancy which prepares'the mother with a largest reserve
that mey meet later energy needs. It is suggested that such
a'need‘would arise during seress of acute starvation which is
‘not uncommon during late pregnency even if the mother is in a
fed state. Such lipogenic mechanism serveg in diverting inges-
ted fuel away from maternal tissue and helps retaining them in
fetal circulation for transplacental transfer. In thig conne-
ction, it can be ﬁointed out £from the etudies of Chang et al,

1977 and Elphick et al (1978) that maternal intravenous fat
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emulsion theraphy at term might benefit growth retarded
babies. However a note of caution is suggested that the use
of fat emulsion during pregnancy be regtricted to the upper
daily limit of 20% of the calories normally derived from die-
tary fats (Hellar, 1972). Thus even exogenous fat from diet
could e diverted to the fetus when mother has low ruserves

of fat depots.

At all stages, values for LIG were lower than HIG and
a greater numper of women had triglyceride levels less than
150 mg/dl even at the gestational period of 30-40 weeks
(Table - A0 . This indicates that in LIG the rise is of a
smaller magnitude and may be these are the women who reguire
special attention to their diet to overcome any stress of

energy deficit to avoid fetal distress.

The phospholipid fraction and cholegterol show a
slightly different trend from that orf triglycerides by a
gradual increase in serum levels through the different ges-
tation periods. (Table |3). The increase is significant at
term. In HIG and LIG the trend in increase during the difb.er-
ent stages is gimilar and the difference between the income

groups is also maintained and this is signiricant at teru.
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TABLE = &0  Distribution of triglyceride leyels (mg/dl)
at different stages- of gestation in high and
low income groups.

A . oy o g

Serum triglyceride level Total no. of
(mg/dl) subjects
/100 - ‘
100=150 150 HIG LIG

HIG LIG HIG LIG HIG LIG:

% distribution

Non=-pregnant: 19 25 79 75 3 - 31 28
Weeks of ' f
gesﬁétlon: ? B !' |
Z10 67 f 92 8 33 - - 12 13
|
10 = 20 16 56 79 44 5 = 18 18
20 - 30 - - 86 86 14 14 12 21
30 - 40 = - 8

31 92 69 25 26

PoOst partum 9 19 68 81 23 = 22 16
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Regardinglthe changes in serun cholesterol Darmandy et al,
(1982) noted a small initial fall at 8 weeks;%f gestation in a
longitudinal study. A; pointed above this féll could not be,
obserQed partly this being a cross sectional study on pregnant
women from the out patient clinic of(the maternity hospital who

generally visit for confirmation of pregnancy around 8-10 weeks

for Medical termination pﬁ_Pregnancy (MTP) .

The levels of maternal serum cholesterol and phospho-

lipids are in the range of those reported by others’ (Mendez et al,

1959; Kaplan and Lee, 1966; Kessal and Narayan, 1966; Zee, 1967;

Dave, 1980; Knopp et al, 1982; Darmandy et al, 1982).

The hyperlipidgmia of pregnancy is characterised by a
2-4 fold rise in plasma triglycerides and a 10%; to 50% rise
in %lasma chpleste:ol at term (Knopp et al, 1973, 1978, Warth
et al, 1978). This physiologic hyper lipidemia in pregnancy is
specially significant from several stand points. (1) The
increase in plasma total triglycerides and VLDL triglycerides
may enhance the availability of essential and nonessential
triglyceride fatty acids for placental transfer to the fetus
(Elphick et al, 1978; Humphrey et 21, 1980; Childs et al, 1981)
as mentioned previously. (2) The total chpiesterol and VLDL
and HDL lipoprotein cholesterol fractions may increase the

supply of cholesterol needed for placental progestiron synthesis

¥
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(Knopp et al, 1981; Carr et al, 1980; Knopp et al 1981 (Abst)
and transpl acental cholestercl transfer io\tne fetus (Pitkin
et al., 1972; Lin et al, 1%877). Khamasi, ggbgi (1972) have
shown that there is a good placental transfe;'of free choles-
terol but not egtrified éﬁolesterol. At mid-term 60-76% of
the cholesterol is of maternal origin and at birth 80-85%

is of fetal origin. Placenta is a partial barrier to dietary
cholesterol. (3) The hygérlipidemia may also serve as a

maternal lipid homeostasis to an extent that a mild prelipemia

becomes clinically detectable like that of gestational diabetes.

l

Carr et al., (19%0) concluded from their study that
low density lipOprotgén are the important source of choies~
terol for sieroid biogynthesis in the human fetal adrenal.
ACTH stimulates LIL degradation thereby ensuring continuous
supply of cholesterol to meet the large demands for precursor
which results from the high rate of steroid synthesis by human fecal

i

adrenals .

As mentioned’eéilier, the~rise in cholesterél was
obgerved in both HIG as well as LIG with LIG having lower
valueg than HIG., The differences in serum cholesterol levels
between the two groups at different stages of gestation were
assoclated with wide variations in each and overlapping of
the ranges, suggesting-that,the lower values in the LIG may

be due to a greater proportion of subjects not achieving the
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expected increase in pregnancy. The values for the two

groups (Table -ﬁ4) show that)initiélly in tﬁe,LIG 48% of the
non~pregnan£ women had cholesterol levels leés than 175 mg/dl
whereas 63% of the non-pregnant HIG women had levels between
175 - 225 mg/dl range. Thus, initially in both LIG and HIG,
women f£alling in the abéve‘zzs mg/dl range was very small.

But in HIG, with progress_of gestation and with increase in
cholesterol levels, most of the women including those who had
levels less than 155 mg/dl range, shifted over to higher levels
by mid-gestation itselﬁ and even increased to 225 mg/dl levels
by the end of gestatiqh period. In the LIG, 12% women had
levels legs‘than 175 @g/dl by the end of gestation as compared
to none in the HIG,

|

A guestion arises about the conseguences of failure
to/;chieve the expected rise for the progeny. Knopp et al.,
(1982) in their study showed racial differences in whole
plasma and lipoprotein concéntrations of pregnant women. In
their study the level of hyper cholesterelemia of pregnancy is
posed as a risk of heart diseases whereas in developing coun=-

tries it is the low levels of cholesterol that might cause a

risk as has been poilnted earlier. ./

In this connection a significant correlation between
maternal cholesterol levels and fetal growth was found in the

extensive studies carried out in Baroda (Shah 1986), Further
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£
investigations in this regard on lipoprotein fractions might
show differences in the pattern for normal premature and

growth retarded fetuses.

Since cholesterol, phospholipids and triglycerides
seem to show some differences in the pattern of change with
the progress of gestation, the percentage contribution of
different lipid fractions was determined at different stageé
(Table-ﬁQJ. The proportions of cholesterol, phospholipids
and triglycerides remained more or legs constant with pro-
gregs of gestation exc?pt for a greater contribution of tri=-
glyceride levels duriqé 30~40 weeks. This may obe due to a
greéter mobilization Pf depot triglycerides during this period

(De Alvarez et al, 1967).

A decrease in serum lipids has been reportéa(gost~
partum by a numoer of workers (Horwitt et al, 1975). In the
present investiéation, cholesteroi and phospholipids did not
show much change wherecas a steep fall was found in triglyce-

ride levels (Table~4Jé)l

- -

The results are consistent with reports that trigly-
cerides decline more rapldly after delivery (Otway and Robinson,
1968; Robinson et al, 1975; Darmandy et al, 1982; Knopp et al,
1982). The decline in cholesterol and phospholipid to pre-

pregnant levels is reported to be achieved with the complete
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involution of the uterus and this is expected to occur at &
weeks (Mendez et al, 1953)~ mwoee rw o mreimtns e - The decline
was reported to be dependent on the breast feeding of their
infants (Darmandy et al, 1982). However, according to some
investigators this might take longer on the pasis of the find-
ing that cholesterol and phospholipids take 6 months post-
partum to reach near non-pregnant level (Peters et al, 1951;
Oliver and Boyd, 1955; Mendez et al, 1959; Smith et al, 1959;
Otway and Robinson, 1968; Morse et al, 1975; Katiyar et al,
1978). The diffegences might be due to differences in the
duration of lactation as well as poste-partun amenorrhea. 1In
this connection, lactation is reported to accelerate the in-
volution of the uterus (Mitchell, 1964) and changes in pro-
lactin levels. Hypoglyceridemia after delivery is interpreted
to be due to the increased uptake of triglycerides and fatty
acids by mammary tissue for the production of milke’

¢

\'Cécow et al., 1964; Otway and Robinson, 1968).

In conclusion, the three major serum lipid compo=-
ments showed the expecéed increase with the progress of
gestation, but for gome fall in triglycerides in very early
pregnancy. However, an appreciable proportion in the LIG
failed to achieve this incréase raising the gquestion whether
these are the women who are at risk of fetal ioss, fetal

growth retardation and prematurity as these lipid components dve
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esséntial for various metabolic procaesses such ag lncrcasc
in steroid hormones and placental transfer of fatty acids to
the fetus, not to mention the need for the acquisition of
some adipose reserves during pregnancy which can enable the
preghant women to withstand the stress with regard to post
pattum changes. While levels of cholesterol and phospholi-
pids remained the same, a significant fall after delivery in

triglycerides is suggested,

As has been observed that an appreciaocle proportion
of the Low (LIG;MS?gip did not show significant ¢hdnge in the
cholesterol values at term the cholesterocl values being com-
parable to those of non-pregnant women -« the guestion arises
regarding the implications of this on the outcome of pregnancy.
Hence simultaneously with the above investigation a preliminary
study was carried out on maternal and infant serumn cholesterol
levels in relation to gestational age and weight of the infant.
In other words comparisons were made of maternal and infant
serum cholesterol levels in the three categories namely infants
of full termeweights appropriate for gestational age (AGA),

small for gestational age (SGA), and premature infants.

The results are presented in taple - 4% which show
the maternal and infant levels of serum cholesterol. The

differences that were found between HIG and LIG at term were
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obliterated at post partum. A similar phenomenon has been
observed with regard to vitamin E. 1In the low income group
(LIG) parturient women and their infants,from three different
areas wecre gtudied but gince their serum levels were not
different from each other the pooled data (HIG + LIG) is
analysed and pregented., Table -”24>shows that the propor-
tion of subjects having serum cholestero%klevel /225 mé/dl
(s£D/56:4
is high in mothers of small-for-date compared to mothers of
full-term infants with expected weights. This has been con-
tirmed iQ nore extensive studies carried out subseyuently in
Baroda (3hah, 1986). A further analysis of the data showed
that, about 73% of mothers of full term normal infants had
cholesterol levels abowe 225 ¢g/dl, whereas this figure was

25% in the case SGA. The values of %2 for this difference

was statistically significant (Table - 34’:).

The higher proportion of low values for serum choles-
terol in the mothers of premature and SGﬁ*infants raises a
question regarding the implication of this for fetal develop-
ment. In fact the serum cholesterol levels of premature and
small for dates were found to be significantly lower than that
of full term normal infants, suggesting a correlation between

maternal and infant cholegterol levels.,

A correlation between serumn cholegsterol level of full-

term infants, low birth weight babies and premature infants

K56 A~ Smal] Fov Gedekimal Age
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has been reported by Sharma et al.,(1983) and Lane and
McConathy (1983). On the other hand, Jugowaka and
MieCznikowska (1975) and Ginsburg and Zitterstrom (1980)

have reported a higher level of serum cholestercol and
phospholipids in both low birth weight babies and prematures
compared to full-term infants and normal birth weight babies.
Similar cbnflicting observations have also been made with
regard to triglycerides (Frossbrooke and Wharton, 1973;

Elphick et al., 1978).

Since there was an indication of a possibility of
correlation between birthweights, infant cholesterol levels
and maternal cholesterol levels, the data on infant and
matennal cholesterol levels were analysed in relation to
birth weights (Table - A5). Variations in birth weight were
associated with differences in infant and maternal serum chos
lestercl levels. The subsequent detailed studies carried out
in Baroda on LIG and HIG indicate similar observations (Table-
Qéﬂﬁ Shah, @986} Since the maternal and infant serum choles-
terol. levels differed in relation to birth weights, the data
were examined for any association at certain cut of points of

maternal cholesterol levels and birth weight of babies

The cut-off points for serum cholesterol were chosen

atter a more detailed analysis ot the freguency distribution
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of maternal serum cholesterol as some of the (12%) pregnant
women in the 30 - 40 weeks of gestation well still in the

less than 175 mg/3dl serum cholesterol levels. However more
clear cut differences in birth weight were found for values
above 225 mg/dl range, when compared with the studies at
Baroda (Table 28). Thege differences could partly be
accounted for by the ' high average values for maternal

serum as compared to those reported at Baroda (Table - 28).
However both studies suggest a correlation between maternal

cholesterol levels, birth weight and infant cholesterol

levels, ------- ==wms ==+« - ..."..3nd that these can be

congldered as rigk indicators during pregnancy.

The correlation between maternal and:infant choles-
terol levels suggest that, infant lipid status is influe-
enced by maternal status. However, other 1lnvesgtigators have
not obgerved a similar agsociation (Kegsel ané Narayanan,
1966; Aleksander et al., 1975; Mehta and Mehta, 1984). This
might be pessible because of differences in the range of

valueg obtained in the different studies.

Further studies on non-pregnant, pregnant and
parturient women belonging to different income groups with
aggociated variations 1in fat intakeg are necegsary. 7The
need for such studies is brought out by the differences found

between women (pregnant as well as parturient women) in low
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and high income groups in Kerala, in which case, although
the mean val ues were not significently different, a study
of frequency distribution (Table-ﬁ)) showed clearly a
higher proportion of low values of cholesterolg in the low

incomeé group and high values in the high income group.
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serum vitamin E levels in pregnant and

parturient women

As mentioned earlier the tocoperel and FUFA contunt
ot the dlet in Kerala are low compared to other regions,
a fact consistent with the use of coconut oil and coconut.
Frevious studies in this laboratory conoucted at Kerala
suggested that the seruwn vitamin b levels ot these popula-

and Ramakrishnan
tions are low (Ramachandran,/1968; Thomas, 1975).

1

In the light of the above observations of the
relatively lower levels of serum vitamin E in the poor
groups particularly in Kerala the question arises as to
whether or not the women in the different periods of gesta-
tion achieve the expected rise during pregnancy. Hence the
present investigation on gserum vitamin [ levels was carriea
out at different stages of pregnancy and post-partum. The
data given in Tableﬁ?? shows a progressive incCrease in serum
vitamin £ levels at different stages of pregnancy. Social
clags difrerences are also maintained throughout the gesta-
tion period. This pattern was found to ke consistent witﬁ
data obtained on crogs—sectional and longitudinal studies
in this laboratory (Dave, 1980; Shah, 1987) and those reported
elsewhere (Ferguson et al., 1955; Linder et al., 1967;
Vobecky et al., 1973; 1974; Horwitt et al., 1975; NIN Annual

Report, 197u; Haga and Kran, 1982). However studies by
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Ng and Chong (1975) suggest a fall in vitamin E levels

- during pregﬁancy.

Further, when the subjects are distributed according
to serum vitamin E levels (Table 30), the résults show that
initially most of thevwomen had sérum vitamin E levels rang=
ing from 0.6 to 0.9 mg/dl and with progress of gestation .
(at 20 weeks’) almost all crossed the 0.6 mg/dl levels.
Thus, most of the subjects showed improvement in their

vitamin E status with progress of pregnancy.

Similarly, though initially the percent of non-
pregnant women having serum’vitamin E value 1.2 mg/dl was
negligible, by the end of gestation period, a good propor-
tion of women attained this value. However ;hose whose
levels could ﬁot brise might be the ones who are at risk of

prematurity and growth retardation.

Though the gerum vitamin E level rigeg during gesta-
tion, a fall in postpartum levels is reported (varangot et al.,
1943; Attranossin, 1946). Low serum vitamin E levels have
been reported in parturient women by Hassan et al (1982).
However, in the present invegtigation the post-partum fall
waéfnot gignificant. This might be because of its relation-
ship with the cholesterol levels which also did not show a
signifiCant fall in the presént study. The poste-partum fall
of serum cholesterol is reported to ke slow and is expected

to take 4~-6 months post-partum to reach non-pregnant levels
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(Peters et al., 19517 Oliver and Boyd, 1959; Hangen ot ol.,
1964; Morse, 1975; Katiyar, 197&). Hence serun vitamin &,

which is correlated with cholesterol levels and lipoproteins
concerned with transport of vitamin E, might also take time
to go down to non-pregnant levels. These observations also
suggest that the differences in gerum vitamin E levels bet-

ween the L1G and HIG may be due to differences in lipo-

proteins concerned with transport of vitamin E,

Other studies in this laboratory have shown that
maternal deiiciency of vitamin E increases the risk of pre-
maturity and fetal growth retardation and that the deficiency
of this vitamin is a risk factor involved for the successful

outcome of pregnancy (shah et al., 1984).



Serum magnesium levels in pregnant and

parturient women

In certain clinical conditions such as diseases Of
the small intestine, celiac disease, enteritis, childhood
malnutrition, chronic renal disorders and disorders of para-
thyroid the role of magnesium is well documented (Wallach et al,
1962; Booth et al., 1963). Epidemiological studies have also
suggested a linﬁ between magnesium status and cardiovascular
disorders (Vitale et al., 1959; Hughes and Tonks, 1965;
Nath et al., 1969; Abraham et al., 1978)., However, it is
generally assumed that an adequate supply of this mineral in
human diets should not pose a serious problem as it is ubiqui-
tously present in commonly consumed foods such as food grains
and vegetables. However, in areas where rice is consumed and
water is low in magnesium, the supply of magnesium may fall
short of requirements. In some areas such as Burma prevalence
Of magnesium deficieACy has oeen reported (Gopalan, 1973;
Seelig, 1974). A similar situation is likely to occur in Kerala
where the diets provide apout 100 to 150 mg/day of magnesium as
against recommended allowances of 300 - 400 mg/day (Seeliqg,1982).
This may affect prugnant and lactating women even more as mater—
nal magnesium requirements increase during pregnancy and lactation
Lecause of inCreaged protein synthegis and other blochemical tfun-
ctions related to maternal and fetal growth as well as milk

production (Lim et al., 1969; Cohlan et al., 1970; Widdowson et al,




1
N

1980; Feng Lai Qang et al., 1971; Hurley and Cosens 1971;
Hurley, 1976; Seelig, 1981). Sevcral deficient diets showed
tetal resorption or teratogenic efrects on full term off-
spring (Hurley, 1976). It is also recognised that in such
regions magnesium deficiency is found in associlation with

protein-energy malnutrition (Caddell, 1969, 1975; Zieve, 1975).

In collateral studies in this laboratory, seruu
magnesiun levels were found to differ in malnourishgd child-
ren in Trivandrum and Madurai presumavly because of greater
magnes.iun content of the foods consuned such as pulses,
vegetaples, and tamarind by the poor in Madurai, than in

Kerala. The water in Madurai is also hard.

The results of studies on wagnesium status of pregnant
women in Kerala are given in Taple - 51 . As income status
did not show differences in serun magnesium levels both the
Low and High inqgme groups were clubed and the data is presen-
ted in the tablié It can be seen that, serum magnesium levels
regilstered initially a small rise followed by a signiricant
fall during 10-20 weeks of gestation and maintained thereafter.
The values at term were significantly lower than none-pregnant
values. Tne f£all during pregnancy is believed to be due to
the utilisation of magnesium for the synthesis of various pro=-
tein complexes in placental and other accessory tissues

(Caddell, 1973; Heaton, 1980).
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Post partum serum magnesium levels were found to
compare with term values in mothers who deliverdd fdll-term
healthy intants. On the othuer hand, the magnesiun levels were
signiticantly low in mothers who delivered premature infants
raisidg’the question whether magnesium deficiency is one of
the predisposing factors for prematurity. In an elaborate
study in this labo;atory on fetal growtn and maternal mage
negiun status 5y Shah (1986) showed that thne total magnesium
stores in all the tissues were related to fetal size inaicat-
iny that the lower size of the fetus at LIirth way poac o Uik

Ltor muscle development and other activities later,

olroVL. X

In these studies no correlation was found between
serwfuagnéslum levels of the mothers and cord serun levels -
ol tne intants,., Slnilarly the data showed no correlation
between maternql serum levels of either full term or premature
infants. The differential pattern shown between Kerala and
Baroda may perhaps be accounted for by the fact that the
diets in Baroda are not deficiznt in'magnesium content con-
tributing'to about 200 =230 mg/day where as Kerala diet
;supplies,only about 100 - 150 mg/day of magnesium. Thus
magnesium inadequacy might be a contributory factor and may
reflect the fetal needs for magnesium during this period
(Wicdowson et al., 1951; Widdowson and McCance, 1961;

Seelig, 1980).



PART - II

Studies on_adult man and women at different ages

in relation to plane of nutrition

Increase in life expectancy has culminated in larger
number of elderly people in all over the weorld and India is
no exception to it, The elderly are hospitalized propor-
tionally more often for longer periods and for more serious
and chronic disorders than younger population groups at
" disproportionate cost (Steffe 1980, Tomajolo 1981). It is
by now clear that tbe.health statug of individuals depends
on the nutritional status of the population and this in
turn depends on the dietary pattern of that region and

- there is complexity in assessing the nutritional status of

the edlerly.

As mentioned earlier, the dietary patterns in Kerala
are such as to lead us to e#yect some differences in nut- N
ritional status between Keralites and'pe0p1e in other
regions (e.g. serum lipids and magnesium) and between vege~l
tarians and non~vegetarians. The various groups studied in
Kerala may differ not only with pegard to growth and adult
gtature, but alsolwith regard to somatic and biochemical
profiles and the pattern of changes in thege with advancing

age. The invegtigations were carried out primarily to
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study serum lipid changes with age. The details of sub-
jects investigated with their occupation are given in

Table - 320

Somatic meaguwrementy of adult men and women at difterent

ages in relation to plane of nutrition:

The changes reported in_body composition with age
moredse

in adults include a progressive in body fat, decrease in
lean body mass and alternations :n skeletal weight
(Frobes and Reina, 1970; Brichman, 1976). It has long
been known that certain organg of the elderly such asg
liver, pancreas and endocrine glands are smaller due to
atropy (Roessle and Roulet, 1932; Calloway et al., 1965).
In addition, the nature and magnitude of age gpecific
changes may vary with the plane of nutrition, health-

status as well as over all life style not to mention

genetic and psychosocial factors.

In the cage of low-income group, fat gain and
weight increase do not geem to be perceptible perhaps
because energy expenditure ig high whereasg food supply
is restricted (Bourliere and Parot, 1962; Rajalakshmi

and Chandrasekharen, 1966).
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The present 1nvest1ga£1on was primarily aimed
at studies on serum lipid changes with age. Though com-
parison éf somatic measurements at different ages would
need large number of samples, an:attempt was made to
colléct data on the available subjects to §et SOMe pree

liminary picture.

The*daté on weighté and heights are presented in
Tablesg 53 & 34. In HIG (Table 33), men ghowed an increase
inlweight\up to middle agé. In the case of women, there
wag an increase even in the bth decade (Table 34). This

pattern of Increage was not observed in the LIG.

Similar observations have!been made in previous
studies in-this laboratory (Rajalakshmi and Chandrasekharan,
1966) and by others elsewhere (Hooten and Dupertis, 1951;
Stoudt et al, 1965; Parot, 1966; Underwood et al., 1972).
In considering the "“desirable" body weights for adults males
should decrease to weight 12 kg lesgs at age 65-~70 than age

25 years and females 5 kg less (Forbes AndReina, 1970).

- Buchi (1950) reported a decrease of 2.9 cm in men
from 47 to past 70 years and Rogsman (1977) reported a
decrease of 2.9 ¢m in men, 4.9 in women during the average

life of an individual.
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In the present study, Tables 33 & 34 show a

height decrease of 3 ¢m in both HIG and LIG men with a

‘decréase of 2 cm only in HIG women. The reported trend

was observed in men where as in women thils trend was not

seen. This ﬁight be because of wide intragroup variae

tiong or due to a low body massg unlike the western heavy

women who carry themselves with a flexion at the knees and
by Rao < al (946l

hips (Howells, 1970). In an ICMR (18631) gtudy a decrease

of only 1.3 cm in ﬁen and 0.7 cm in women between 30 to / 50

years 1s reported. However, a larger gample is required

for better understanding of the age decrement in height.

As may be expected, the weight/height ratio (kg/cm)
is consistently higher in both men and women in the high
income group as shown in Table 35. When men are compared
with women, at different ages, initially the ratio is less
in women and increases thereafter . This might be due to
a greater increase in weight before middle .age in men but
which continued to increase in women beyond the age of 50
years. When the gsame is calculated as per cent of LIG in
both men and women there 13 a gteady increase upto fifty
years, and beyond in women as HIG women §ut on fat after

reproductive period.
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A weightwta;height ratio of 0.44 was reported for
Canadian and American §0pu1ation (US Department Vital and
Health Stétistics, 1960=62; Pett and Ogilvie, 1956; US
Department Health Examination Surve}, 1965, 1970). Simi-
lar studies on the Indian population living around Hyderabad
showed a.ratio of O.BZitNIN Annual Report, 1965) and studies
on Pakistani men in thé?general population and the privileged
-college population shoﬁed a ratlio of 0.34 and 6.36, respe-
ctively. ‘The regsults of the present investigation are ip

agreement with the Agian studies reported.

In the high income group, all the body measurements
presented in Table 36 show an apéreciable increase with
"age which is congistent with increase in body weight. The
1ncreasgs were of gimilar magnitude in men and women in the
high income group, except for abdominal circumference which
lis appreciably higher in women than in men at the older age
Agroup. Women geem to accumulate more fat an§ men nmore lean

body mass atvold age (Milev and Demireve, 1966; Bourliere,
'1970; ° Frobeg and Reina, 1970).

In men belonging to LIG, chest circumference,
abdomen circumference and mide-arm circumference seem to be
less than in HIG group. In women belonging to LIG, the

chest circumference and mid arm circumference do not seem

-
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to differ from that of the same class. An analysis

(Table 37) of mid arm circumference with reference to its
relation to body weight change at different ages showa a
gsteady incCreage in mid-arm circumference with increase in
body welght in both men and women. Ag indicated earlier
women show higher valﬁesbthan men in the game welght range.
However, within the game sex and weight range, generally
midearm circumference seems to show similar measurements.
This shows that mid-arm circumference and weight are well-
related, as might be expécted, ag both reflect the degree

of adipoéity. The coefficlent of correlation calculated
showed a significant relationship (r = 0,75 and 0.76) bet-
ween midearm circumference and weight in bﬁth men and women.
These observations are in agreement with the results obtained

earlier by others (Milev and Demireva, 1966; Sukkar, 1976).

To conclude, weights and gomatlic measurements seem
to increase to varying degrees with age. The differences
in this regard between men and women are consistent with
reported observations in literature and those between the
two income groups with differences in dietary patterns and
life styles. ,-: _.“fhe men and women in the low income

groups show little perceptible changes with age.. -
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Blood glucose levels in adult men and women

at different ages

Fagting blood glucose level 1s one of the parameters
which tends to increase with age in an appreciable propor-
tion of adults who become more prone to diabetes mellitus
after middle age. Thig is more likely to happen among the

affluent and urbanised people. (Gupta et al, 1978;

Verma et al, 1986).

The data on blcod glucose levels in different age
groups are presented in Table 38, Blood glucose levels
refer to fasting state in all cagses. As expected, blood
glucose levels are found to show a tendency to increase
with age with a progressive proportion of values being in
the above 90 mg/dl level (Table -~ .39.. At all ages, the
values tend to be greater in the HIG than in the LIG,
However, ;he pattern of change with age appears to bLe

similar in the two income groups and in men and women

although differences are found in abgoclute values.

168
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A higher prevalencéyof higherlvalués is observed
in the 4th and 5th decades. The percentage distribution
seem to be almost gimilar in men and women. The greater
prevalence of high values in the older age groups 1is

consistent with expectations.

AccSrdingvto the literature available, congiderable
c&ntroversy prevails regarding changes in blood glucose
with age. Studies by Silverstone.$1957), ﬁnger (1957) and
Hayner et al.,(1965); Gupta et al, (1978); verma et al (1978)
suggest a rise in blood glucose level whereag others found
no clear«cut difference with age or sex. StagiatiCal anaw
1ysis us:ing the 9(2 (Tables 40)& &) indicates a signifi-
cant difference for blood glucose levels with age and sex
but not with social class. This might be due to the high
congumption of sugar in black coffee by LIG (Kattam coffee
with sugar) and the type of dietary carbohydrate (rice +
Tapioca) in large amounts. These results are in agreement
with Campbell (1963) and Reiser et al (1981) who reported
positive correlation with the amount of gugar and type of

carbohydeate congsumed.

With the progress of age, the lean body mass decrea-
gses and fat content increases (Frobes and Reina, 1870)
egpecially in the affluént. leadihg to obegity. Hence it

was of interest to see whether blood glucoge is related to
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TABLE 40: ' Chi-gquare analysis of blood glucosge
levels for different groups

Groups compared ‘p' value for fx?
1. HIG Vs LIG NS
2. Men Vs Women 0.05
3. Age groups 0.001

( /30, 30-49, 50)

S W -

NS « Not significant.
HIG « High income group.

LIG « Low dincome group.

166
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body mass. Since weight over heigﬁt is a better index of
obesity, the relationship between blood glucose levels and
. weight/height index was examined and the results of the

l
analysis are presented in Table -‘29.

Blood glucose levels did not vary with weight per
unit)height in the young men and women, but in the older
age'groups,especially after middle age, an asgsocilation
was found between the two increasing values for blood glu=-

cose levels.

The increase in blood glucose levels with age are
attributed to long term dletary patterns which culminate
~in manifegtation of hfperglycemia. Nutritional and public
health data (U.S. Dept., HEW, 1979) show that the death
rate from diabetes }ncreased progressively with age.
.Brunner et al, (1964) found an incidence of 0.05% diabetes
mellitus in the Yomanite Jews who arrived néwly in Israel
compared with 0.55% in thogse who were living in Igrael for
more than 10 years. The ten-fold difference was interpre-
ted by the authors to be due to change in dietary habits
and life styles as they cannot be attributed to racial
differences. Similar results were reported by Cohen (1961)
in Israel; Campbell (1963) and Jackson (1978) in s. Africa;
Standing Committee report on Aboriginal Health (1978) in

Australia, Prior et éi (1978) in Newzeeland; West (1978)
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in Prima Indians in U.S.A,

In conclusion, fasting blood glucose levels were
found to increaseywith age in all the groups studied.
However, this is not an inevitable concomitant of aging
as @s shown by the observation that the age-specific
changes are small, being more clear-cut only in ﬁén and
women prone to obesity as judged by weight‘io height

ratios.
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serum lipid profiles in men and women at
~ different ages

The involvement of diébary fat in the manifegtation
of degenerative digeages such as atherosclerosgsis and other
. heart diseases is well established. However, as mentioned
earlier. some controversies still prevail regarding the
role of dietary fat and the extent of itg involvement in
"the'causation of hyperlipidemia (Murry et al., 1978;

Werner et al., 1978).

The unique features of the dietary pattern in Kerala
| as distinct from other regions have already been pointed
Out.<vThay‘include the consumption of foods such as taploca,
., coconut and coconut oil, and fish in more generous amounts
than in the other three regions of peningular India. Also
the overall aéequacy of the diet with regard to food energy,
p&oteiniand‘magnasium among the poor is also in jeopardy.

On the other hand, families in the upper class consume gene-
rous amounts of coconut and coconut oil which are rich in
saturated fats. Studies were therefore carried out to com-
pare the lipid profiles of men and women £rom both poor and
upper class families, and changes in these profiles with age.
.Ditferences between vegetarians and nonvegetarians were

investigated in the upper class.

178
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It can be seen from the data gi§en in Table ~ 42
that with advancing age the gserum cholesterol rises in
all the groups irregpective of the type of diet consumed

and differences 1n the soclo-economic status.

A greater rise was observed in HIG men conguming
nonveggtarian food compared to ali other groups. Both men
and women consuming a nonvegetarlian diet had serum choles=
terol levels higher than vegetarians in the same socio-
economic group although the differences fell short of
significance, presumably because of small sample size asso-
clated with large varlation, but the trend’was consistent
both in terms of maaﬁs and ranges. Among the HIG vegetae
rian men and in LIG, peak values were reached in the thir-
ties and maintained thereafter with no further peiceptible
rise or decline whereas in women, the peak values reached
much later i.e. after fifties. The values for HIG in both
sexeg were higher than LIG, especlally at later ages and
these differences are cClearly bofneout when expressed on

percentage basis (Table - 43).
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The rééulis are in agreement with the earlier reports
' 'of an age-related increase in serum cholesterclflevels both
“‘in animals ahd hﬁmans (Keys et al., 1950; Korneéhup, 1950;
Feldman et al., 1963; Lopez, 1967; Zweer et al, 1968;
Nicolas et al., 1976; Werner and Sarren, 1978; Kritchevsky,
. 1979; Caflile et al, 1986). However, in thege studies peak
"valueéiwere attained beyond the fifth or sixth decade whereas
;ﬂ the présgnt stﬁdy nmen attainéd.;he peak values earllier
i.e. in the fourth decade  itge}f. This could be because of
la combination of factors such as consumption of coconut oil
rich in gaturated fats and deficient in tocopherols as well
és maréinalbeficiéncy of magnesium which will be discussed
'in the subsequent gection. It has long beén known that the
vegetarians tend to have lower serum cholesterol levels as
their diets have higher amounts of £iber, cellulose/pectin/
- lignins and plant proteins which are hypo=cholesterelemic

(Trowell, 1972; Eastwood and Kay 1979; Burkitt et al., 1974)

and ungaturated fata, and lower amount of gaturated fatg

(siato et al,, 1965; West and Hayes, 1968).

. It has been shown by animal experiments thaé plasma
cholesterol was higher when animals were fed with casein
thaﬁ-when they were fed diets containing plant proteins
(Carroll and‘Hemilton; 1975; Terpstra et al., 1983;

Park et al, 1987). Further it is also observed by some
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investigators that this increase is due to the increased
levels of VLDL and LIL cholesterol (Terpstra et al., 1982;

- 1983; park et al., 1987).

Normally plasma cholesterol increases with age

(Kritchevsky, 1979; Carlile et al., 1986) and this is
" shown to be due to the decrease in the fractional rate (FR)
.of estrification and the higher net rate (NR) of estrifica;
" tion of plasma, cholegterol in mature rats. This was again
interpreted to be due to higher body weight and increased
plasma volume sinCe the NR of estrification was found to be
4lowered’twhen weight was kept constant. Algo similar decreaée
in FRhof éstrifiéation wag obgerved with casein (animal)

protein (Forsythe et al., 1980; Carlile et al, 1986).

Thé ratiélof fecal excretion of neutral sterols was
significantly higher in immature rats than in mature rats
and in animals fed plant protein at both ages than in those
£ed casein. Thus agé, quality,‘protein and body weilght/
body mass'play a role in the plasma/serum levels of choleg-

terol and triglycerides.

Further, proteins in animal foods are rich in
methionine which promote cholesterol formation (Orr and

Watt, 1957; Oslon et al., 1970; Carroll et al, 1980).
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' Even the‘proéeins in legumes such as bengalgram are found

to have a similar effect (Grande et al., 1965; Klaugh et al.,
. cARROL AND

1966; Jenkin et al, 1975:§Hamdlton, 1975; Carroll et al.,

1978} - - ..~ ;}f.we;,.wheré;s'the complex starches in food

graing are found to have a hypocholegterolemic effect

" (Kuo et al., 1967; Starke, 1950; Helch et al., 1955),

Highér serum cholesterol levels in the nonvegetarians inA

the preéént atudy c?n théféfore be'due to increased intakes

_‘éf total energy, saturated fats from animal origin and

total animal protein in the diet.

The data on serum phogpholipids are given in
Taﬁle 44. 3As in the cage of cholesterol, an increasing
trend with age is found for this parameter also. 1In the
case oL H1G, the peak value wag found in fourth decade
for men and after fifty for women as in the case of choles-
terol. Again a trend of lower values for vegetarians when
compared to nonvegetarians was observed. Differences with

-regard to sex and gocioeeconomic status are simila:

on percentage basis as well.

Under normal conditions of health, serum phogpho-
lipids and cholesterol maintain a constant relationship,
.l.e. P/C remaining congtant (Peters and Man, 1943; ‘
Ahreng et al., 1949). This is also found to be the case

in the present studies (Table - 4%).
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Serum tf;glycerides (Table - 46) also éhowed an
increase with age. In this connection, serum triglycerides
are found to be influenced by the intake of foods rich in
saturated'fats,‘total food energy anq'sugar (Kinsell et _al.,
1952; Bexveridge et al., 1963; Anlar et §_J_L_., 1964;
Hodger. et al., 1965; 1967; Baron and Stein, 1968; Schultz
" and Grande, 1968; Wést’aﬁa Haves, 1968; Chefalier et al.,
1972). 1In Kerala, beef consumptibn is also common now and
this mighi alaso contribute to elevation of LDL_and VLIDL in
serum (William et al., 1984).

Since the 1lipid fractions increase with age, the
data were analysed for the percent contribution of differ-
ent lipids by considering total lipids as the sum of the
three‘components ( Cholesterol + Phospholipids + Triglycerides)
(Table - 47). It is of interest to note that the propor-
tions of'various éomponents do not change appreciab;y with
age. These results are in agreement with earlier findingg

.{Kornerup, 1950; Smith, 1965).

- Further analysis of the data using x2 for signi-
ficaﬁce‘(Table‘48) shows that the pattern of differences
iﬁ relation to age, sex, and social class and between
Qegetarians and non-vegetarlans are more clear. Thesge

results indicate that the rise in. serum lipids and



181

(264 - 08) (261 = 20%) (cgy =~ 08) (Ot = 48)
(6£) (1) (G4) (£) A
62 ¥ i1 €9 T 62t G ¥ otd 2L ¥ L
(1L = £9) . (068 = Z44) (Lot = 96) (05t = 96 )
(1L) (64) (1£) (12) *A'N
6°2 ¥ 154 8% ¥ i 2T e 2°c ¥ 1t
) R
() (94) (et) - (0%) - A
e v e G°L ¥ LG 46 ¥ &2 9°¢ ¥ 4t
(064 = i8) (Sot = 02¢) . (084 = %01) (6ol = 12)
(S8) (€2) (€€) (v2) AN
0¥ i 2ETFToeL - LEF G 9°c ¥ z2s s
| ¥ DiH
= S, =2 Gr0f  §  ee-o02 -
sade TV { sxeel) dnoxd sy

*gefe JUGILIITP 3B USUOR PUE USE ITNPS UT (TP/BW) STaAST epTIoofTBTSy wnley i G -HINVE

ST



drnad omoouy RO - NI
dnoa3 swoout YSTH = OIH
uettelafoy = A
UBTIOIOT0A-UON =~ AN
& (ect = &) (eGs - G6) (eyt =~ 2B) {2¢h = €9)
@ (04) (63) (62) (e2) L5 Y
ExiL 9% T 12t 6°C T tib 9°¢ ¥ Lot
(264 -~ 6L) (294 = £6) (2ss = 98) (oL = cl)
Sy (4L) (L) ?mu uey
L2 ¥ gu g°c ¥ 42t €y ¥ 02 L°9 ¥ 40t
(A*y tTy) T orT
powpoo | ot0s | ooz | &2-02 m
2 TV . H : HE _




~183

dnoa8 amo0uy AT - OI1
énoa? suodouy WSTH - OIH
*$3090QME JO ‘0. -~ N

£z 6¢ K oo 8 &z o a€ oS 8 09 <
¢z & € s U w2 & LK 22 6 6506
€2 -6€ . € 905 2k e oy et 9ts A 6-0%
22 . oY &€ L6y L \ & i 741 ot 64=cS
w”2 & i sov = ¢z € o K€ U &0z
€ & € 619 . 8 =4 e€ K 9 @ 09 <
22 - o s 819 gt % 8€ % €99 2 65-06
- oy 8 8lS w2 % K K us. et 640y
L €Y " gos 174 c2 L& st 729 2 6e~0¢
(7 oy K osy 62 & o - G 62=02
m d | mag\wﬁvw M a9 ”. 3MMM .ﬂo.nmu.‘_ a%«ﬂ&\wmﬂ__u‘ M\ ,
-%ﬂﬁVAMWSUWM% mﬂﬁm N wfiSpar} -sous!-osroun| tescal O dnoad oy
RATHOM _ NTu

‘2339 JusIAFITP ad UBDOA pUe uUos ATTPO
.ug u«nﬂn 03 703 03 SPTATT UNIGS FIBIATITP JO UOTINQIIIUOD &Bcegmm f wﬂll.ﬂw .

,.
. ,//



. 184

- SuBlIejafes = A
suctau3afaa~-uoN - AN
& dnead awmoduy ROT - OIT -
. b . dnox® swoouy WITH - O
WOOTFTUTIP 08 - SN
tcoo 7 tcoe 7 oo 7 sdnogd oBy  °y
N toco 7 @07 Moy A €
S8 : lcoc 7 go*o 7 USmOR gy U 2
too%0 7 100°0 100% 7 om gy OTT M
l 2 XY a0F sentgea .4,
prdTTouisou: u.; epraodtiTay | Toxa3soTOYD | pazeduos sdnody

*8dnogd JualoFFTP USSAISq ), UF SSOUSIAIFTD JO 20UDIITUSTS




16§ 185

assoclated risk of degenerative diseases could be-prevented

or postponed by regulation of diet.

Ag reported earlier, since the major cooking oil

used ig coconut oil in Kerala, the data were analysed accord-
ing to frequency of coconut oil intake. The subjects who
could give correct information regarding the quantitative
congumption of oil were taken into consideration for analy~-

sis. The oil consumption was rated as rare, occaslonal,
frequent and regular and the results are presented in
Table = 49 along with the gignificance of differences bet-

ween mecis.

This observation is consistent with reports publi-
shed earlier that the saturated fats in coconut oil and
animal foods increase serum cholegterol levals (Katiyar et al,
1967; West and Hayes, 1968; Williams et al, 1984). Isoca=-
lorie substitution of coconut oil for carbohydrate is
reported to resgult ;n increased serum cholesterol level

(McGandy et al, 1966).

These results show that with increased intake of
coconut oil all the three components of serum lipids in-
creage, However, it ls to be noted that differences in

coconut 0il consumption are also agssociated with dietary
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variationg in other regpects such as intake of togal food
energy, sugar, type of animal foods consumed etc. Data on
’consumption of beef, egg and f£ish are given in Tables - f?@
-§7 . It appears that even occasional consumption of bee£

may increage gerum cholegterol level.

The data were further analysed to gee the relation
between triglycerides and body weight., It is interesting
to note that, in spite of greater and more prolonged in-
creage in body weights and fat depogition, the proportion
of subjects with hyper triglyceridemia in HIG group is
'less in women than in men throughout. Also only 6% or
‘less fell above the critical cut-off levels for cholesterol
- and phogpholipids at younger age group (20 - 29) whereas
with triglycerides a higher percent §fd s;zgje‘it:i ag :gox\x"tm?%,g)e g meme
fall above the critical cut-off level (Tables 59 ) This
‘suggests that triglyceride level may be ag important as
serum cholesterol levels and it needs the attention of
résearchers‘in lipid regearch. In general, the present
data are consistent with the observations of Carlson and
Bothiger (1972), Goldstein et al.,(1973), Pelkonen et al.,

(1977) and Carlson (1978), Berry et al (1986).

+

Animal protein correlate positively with concentra-

tions of total tholesterol, triglycerides VLDL cholesterol,
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gmaller LDL mass and VLDL mass, while plant proteins appear
to be invérsely,relatdd to triglycerides smaller LDL mass
and both the cholesterol content and total mass of VLIL par=
ticles (Kahn et al, 1969; Gordon, 1970; Kato et al., 1973;
Shekelle et al., 1981; Gordon et al., 1982; Williamg et al.,

1986).

The increased levels of plasma cholegterol found in
animals fed casein diets than when they are fed plant pro-
tein diets might be due to the increased levels of VLDL
and LDL cholesterol levels (Terpstra et al., 1982; 1983;
Park et al, 1987). However, in the studles on populations
congunming £ish and fish oils it is opserved show lowered
cholesterol levels l.e. the LIL and VLDL are lower and HBEL
is higher. This sort of lipid profile is associatea with a
decreased risk of cardiac diseases. The mechanism of this
has been attributed to the apparent beneficial effects of
the n-3 poly unsaturated fatty acids present in the fish/
£ish oils (sinclair, 1984; Herold & Kingella, 1986;

Nutr. Rev., 1986). This}ittributed again to the altered

ratio of prostacyclin and thromboxawe formation leading to
the increased bleeding time of the individuals (Herold and
Kingella, 1986). It is also interpreted that, because the
poly unsaturated fatty acids are preferentiélly converted -

to ketone bodies in the liver rather than being incorporated



into the triglyceride for export into plasma lipopro-
teins (Beynen and Katan, 1985) and the triglyceride

levels are low with PUFA diet.

It has been observed by some workers that the
increased levels of gerum cholestercol and triglyceride
might bewdue to age, body mags index (BMI) or obesity)
(McDonald, 1964, 1966; Berry et al., 19é6) and agsocCi-
ated fat accumulation. Therefore, the data was analysed
in relation to body weights (Tables 53 & 54). A clear=-
cut increase in body weight and with both cholesterol
and triglyceride in both low and high income groups was

found. Therefore a number of risk factors are involved

in elevating serum lipids, leading to hyperlipidemia.

. In conclusion, the major serum lipid components,
namely, cholesterol, phogpholipids and triglycerides
increase with age both in men and women. These increa-
ses, in general, are greater in men than in women and
greater in the high income group subjects than in the
low income group subjects. Further, the increase 1is
more in non-vegetarlang than in vegetarians in the ﬁigh
income group. The increase in values for non-vegetarians

in low income group is less than that for non-vegetarians
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‘in the high income group perhaps due to the difference
in the amount and the type of animal food and other foods

taken.

It appears that the amount of coconut o0il and

beef used may affect the serum cholesterol and triglyce-
rides. These values seem to have gome correlation with
body weight in high income group. Further studies are
needed with larger samples to understand the interrela-
tion of body weight, sex, types and amounts of fat and
protein taken on the serum lipids especially cholesterol
and triglycerides. Thege studieg may help to atleast pliaw
control ?a% serum lipids which may be one of the contribu~

tory factors for coronary disease.
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Serum magnesium levels in adult men and women

at different ages

As mentioned earlier one of the critical differ-
ences between Kerala diet and the diets of other regions
is its marginal adequacy with regard to magnesium. Added
to this is the softness of the water in Kerala. Studies
described previously on pregnant women (Part - I of the
present thesis) and geverely malnourished children have
shown the magnesium status to be poorer in Kerala than
in the linterior of Tamil Nadu. This raises questions
about the adequacy of magnesium status of the general popu-
lation especially in aging adults. This question assumes
importance as deficiency of magnesium has been implicated

in the etiology of cardiovagcular disorderg which are more

prevalent among the aged (Brown et al., 1958; Hughes and

Tonks, 1965; Hyatt et al., 1966; Kedarnath et_al., 1969).

It seemed worthwhile to investigate the normal .
magnesium status of the adult population and changes,
if any, with age. Serum magnesium levels were used as
an index of magnesiuﬁ status. Data on gserun magnesium
levels in adult men and women at different ages are

shown in Table -~ 85 . The mean values are in the normal

9%
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range but the variation is wide with an appreciable
proportion of values showing less than 1.8 mg/dl

(lable: - 5%’). It is also relevant to note that a lowerl
mean value is found in women of the reproductive age
group ( 20 - 29 Years) the same being significantly less
than that for LIG men and for the same age and sex in the
HIG. Apart from this difference the mean values did

not show age, sex or sgsocial ¢lass difrerences. Larlier
workers have reported similar observations (Wallach et al,
1962; Kedarnath et al., 1969; Lim et al., 1969; Seelig
et al., 1974; Abraham et al., 1878). Kegarding the
rande for serum magnesium levels for normal populations
ditferent autﬁors have reported different values.
Champarwal and Pohowaller (1966) reported 1.8 to 2.5 mg/dl
for normal children. Bershon and Oelofse (1957) have
repérted a range of 1.8 to 3.0 mg/dl. Kedarnath et al.,
(1969) reported 2.3 to 3.2 mg/dl for Indians. All

these ranges are higher than that ooserved in the present

Sstudy.

As magnesium deficiency has been implicated in
the etiology of cardiovascular diseases which is also
asgociated with high cholesterol, data were analysed in
relation to serum cholesterol (Table57%5@ﬂ For corres-

ponding levels of serum magnesium, Serum cholesterol
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TAUlbe'S6Y  Frequency distributicn of gerunm moguesium
levels (mg/dl) in adultain Trivendrum f

(Kexsla).
!&w lzagma { g Accumulative
i wﬁ‘&%é ﬁ{?lt : Frequancy i frequency
Percemtage in parentheses
1. 145 6 (1.8) 6 (0.3)
2. 1.6 22 (6.6) 28 (1.3)
. 147 30 (9.0) 58  (26)
ke 1.8 5 (16.7) 14 (5.2)
Se 149 61 (18.2) 179 (79)
6. 240 56  (16.7) 231 (10.,4)
7 2.4 546  (16.1) 285 (12.9)
8. 22 34 (10,20 39 (14.4)
Fe 23 8 (2.4) 327  (14.8)
10, 204 6 (1.8) 333 (15.1)
11, 245 2 (0:6) 335 (195.2)

Total . 335
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levels are less in men than in women. This is consiste

ent with sex differences with regard to cholesterol and

their absence with regard to magnesium. It is indeed
interesting to note that serum cholesterbl levels corres-—
ponding to serum magnesium P 2.1 mg/dl tend to le lower (able-57)
This trend seems to be more pronounced in women than in

men in LIG.

The inverse relation found between serum magnesium and
cholesterol levels (Table %ﬂ&) is consistent with the
reported association of decreaged gerum magnegium levels
in stress conditions and cardiovascular diseases, believed
to be mediated by changes in levels of catecholamineg and
corticosteroids (Bershon and Oeldse, 1957; Hughes and
Tonks, 1965; Raab et al., 1969; 1972; Szelenyi, 1971,
1873).

Further when the analysis of variance and covari-
ence scatistic was applied to see the influence of magne-
sium Lover serum cholesterol in the presence of age and
income it can be seen from the tables ( 34 & 60 )y ‘that
income and age do play a significant role. However, in
the younger age group and the low income group the serum
cholesterol levels are per se low, Thus the lower levels of

Tu that a-%e
magnesium might not effect serum cholesterol uch, but witn
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increasing age the deficient magnesium status might aggra-
vate the lipid levels. 'This is thus more perceptible in

the middle aged men who showed bigh serum cholesterol levels
with ! low serum magnesium levels; thué indicating that the
middle aged requirement for magnesigx%ﬁ; high. This might
be more so in areas where there is a dietary magnesium defi-
ciency. However further studies on middle aged population

might give better idea on the role of magnesiuwn in this age

group.

In conclusion, although the diets in Kerala are
marginally def lcient in magnesium, a deficiency of this
mineral in adult men and women was not evident on the
basis of mean values for serum levels of magnesium., How-
ever the high consumption of saturated fats and the low
levels of magnesium poges problem of cardiovascular diseases
in the adults and suggests a reduction in saturated fats.
Also a marginal deficiency im poor women of reproductive

age is suspected.



