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Interventions for the control of diarrhoeal diseases
among young children: prevention of low birth weight*

ANN ASHWORTH' & R. G. FEACHEM2

The effect oflow birth weight (LBW) on diarrhoea morbidity and mortality is analysed
and interventions to increase birth weights are reviewed. Birth weight is a major
determinant of infant mortality and, in developed countries at least, its effect on neonatal
mortality is independent ofsocioeconomic status. We have located no satisfactory data on
LBWas a determinant ofdiarrhoea mortality or morbidity. The strong association between
LBWand mortality, however, makes it likely that there is an association between LBWand
diarrhoea mortality in developing countries where diarrhoea is a major cause of infant
death. Poor maternal nutrition, certain infections, pre-eclampsia, arduous work after mid-
pregnancy, short birth intervals, and teenage pregnancy are likely to be causally associated
with LBW in developing countries. Tobacco and alcohol consumption are additional risk
factors.

Of the interventions examined, maternal food supplementation has been the most
studied. Iftargeted to mothers at nutritional risk, and ifthefood is consumed in addition to
the usual diet, the prevalence of LBW can be expected to be reduced. However, food
supplementation can be expensive and the resultsfrom carefully supervised feeding trials
may be better than those that can be achieved in nationalprogrammes. The effect ofsupple-
mentation with iron, zinc orfolate requiresfurther study. If it werepossible to intervene in
maternal nutrition, health and life-style in a developing country in a way that reduced the
prevalence ofLBWfrom around30% to around 15%, afall in the infant mortality rate of
around26% would be expected. Thefall in infant diarrhoea mortality rate might be similar.
The scarce data on relative risk ofmorbidity by birth weight do not allow any comparable
computations for morbidity reductions to be made.

This review confirms that whatever its association with diarrhoea, LBW is an
important determinant of infant mortality. For the more general goal of reducing infant
mortality it is necessary to know more about the nature, etiology, andprevention ofLBW
in developing countries.

In this review, the effect of low birth weight on
diarrhoea morbidity and mortality is analysed and
interventions to increase birth weight are reviewed.
While recognizing that the etiology of low birth
weight is multifactorial, emphasis is given to those
maternal factors that are believed to be of greatest
importance in developing countries and that may be
amenable to change in the short term. These include
inadequate dietary intake, infections, arduous
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workloads, teenage pregnancy, short birth intervals,
and excessive tobacco or alcohol consumption. This
paper examines whether interventions that reduce the
prevalence of low birth weight might be effective in
reducing morbidity or mortality from diarrhoeal
diseases among young children. This review is the
fifth in a series of reviews of potential anti-diarrhoea
interventions being published in the Bulletin of the
World Health Organization (33-37).

EFFECTIVENESS

If the prevention of low birth weight, by improving
the nutritional status, health or life-style of pregnant
women, is to be an effective diarrhoea control
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PREVENTION OF LOW BIRTH WEIGHT FOR CONTROL OF DIARRHOEAL DISEASES IN CHILDREN

intervention, it must be true that:

either

a considerable proportion of
diarrhoea morbidity or mortality in
young children in developing
countries is due to low birth weight

and

improving the nutritional status,
health or life-style of pregnant
women can reduce the prevalence
of low birth weight

or

improving the nutritional status,
health or life-style of pregnant
women can reduce diarrhoea
morbidity or mortality rates in
young children

The literature on hypothesis 2 is extensi
hypotheses 1 and 3 have been little s
effectiveness of low-birth-weight preve
intervention to reduce diarrhoea m
mortality would be suggested by a de
either of the correctness of hypotheses 1

the correctness of hypothesis 3. The evid
against these hypotheses is examined bel

Hypothesis 1. A considerable proportion of
diarrhoea morbidity or mortality inyoung children
in developing countries is due to low birth weight.
Prevalence and distribution of low birth weight.

The term low birth weight (LBW) is used to describe
hypothesis infants who weigh less than 2500 g at birth. From

sample surveys and country reports, WHO has esti-
mated that over 20 million LBW infants are born each
year. At the global level this represents 16% of all
births, but the proportion is not uniform and national
rates range from 4% in Scandinavia to around 50% in
parts of India and Bangladesh (124, 125). Table 1

hypothesis compares birth weight distributions in 15 populations
2 with different LBW prevalence rates, ranging from

5% to 42%.
Infants with a low birth weight may be divided into

two broad subgroups: (a) those who are born
preterm, that is of less than 37 weeks' gestation; (b)
those who are growth-retarded in utero and are born
small for gestational age (SGA). Investigators are not

hypoth .ss consistent in their definition of SGA, but it may be
ypo3 esis defined as a birth weight of 2SD or more below the

mean birth weight for gestational age. Although most
preterm infants are appropriate for gestational age
(AGA), some LBW infants are both preterm and
SGA. In the developed countries the majority of
LBW infants are the result of a preterm delivery. In

ive, whereas contrast, in developing countries it would seem from
tudied. The the limited information available that the majority of
ntion as an LBW infants are small for gestational age. For
orbidity or -example, in 18 reports from the Indian subcontinent,
monstration south-east Asia and Latin America, between 65% and
and 2 or of 96% of LBW infants were small for gestational age
ence for and (124). In Africa, there are data for only 5 cities and
ow. these show a more diverse pattern with between 34%

Table 2. Association of low birth weight and infant mortality in developing countries

Percentage of deaths weighing
Region or Prevalence < 2500 g at birth
country Place of LBW (%) Reference

Neonatal Post- Infantneonatal

Latin America and
Caribbean - - - 47 89

Nigeria lgbo-Ora 11 - - 42 4
India Hyderabad 21 84 - - 80
India North Arcot 32 56 42 48 93
Guatemala Santa Maria Cauqu6 42 87 58 70 69

- denotes data not available.
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PREVENTION OF LOW BIRTH WEIGHT FOR CONTROL OF DIARRHOEAL DISEASES IN CHILDREN

Table 4. Relative risks of post-neonatal mortality by birth weight compared to birth weight of 2501-3000 g

Relative risk of post-neonatal mortality

Guatemala
USA USA USA India India (Santa Maria

Birth weight Norway (5 regions) (white) USA (non-white) (Delhi) (N. Arcot) Cauqu6)
(g) (1967-68) (1974-75) (1960) (1960) (1960) (1969-72) (1969-75) (1964-72)

1001-1500 2.6 12.2a 6.3 6.1 4.8 9.3 4.5

1501-2000 3.0 3.7 3.5 3.4 3.0 5.3 2.3 7.0

2001-2500 1.8 1.9 1.9 1.9 1.8 2.2 1.1 0.8

2501-3000 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

3001-3500 0.6 0.6 0.6 0.6 0.7 0.6 0.5

3501-4000 0.5 0.5 0.5 0.5 0.7 0.7 0.4

4001-4500 0.4 0.5 0.4 0.7
0.5

> 4500 0.5 0 0.5 0.5 0.7

Post-neonatal
mortality
rateb 3.2 4.3 5.4 6.9 15.1 25.3 51.6 60.0

% LBW 5.2 6.1 6.8 7.8 12.9 23.2 31.9 41.7

No. of births 700 000 234 000 3.&million 4.26million 657 100 4 590 4 220 416

Reference 30 110 20 20 20 41 93 69

a Includes all births < 1500 g.
b Deaths per 1000 survivors, except for ref. 30 (per 1000 total births) and ref. 110 (per 1000 live births).

and 73% of LBW infants being small for gestational
age. More research is required to determine the rela-
tive proportion of these two subgroups of LBW
infants in developing countries.
Association of low birth weight with mortality. In

developed countries, LBW infants comprise the
majority of infant deaths. For example, in a recent
report from the USA, although LBW infants repre-
sented only 6% of live births they comprised 55% of
infant deaths (110). Data from developing countries
are limited since death registration is frequently
incomplete and birth weights are rarely recorded.
Indications are, however, that LBW infants similarly
comprise a large proportion of infant deaths as shown
in Table 2.

Birth weight has a marked association with neo-
natal mortality rates in both developed and
developing countries. The relative risks of neonatal
death among infants of different birth weights,
compared with infants weighing 2501-3000 g, are
shown in Table 3. The most favourable birth weights
were in the range of 3500-4500 g. Although there
were 7-fold differences in overall neonatal mortality
rates among the 13 studies, the relative risks in each
500-g birth-weight interval were similar, except for
Denver and North Arcot, where infants with birth
weights of < 2500 g had lower relative risks than in
the other places studied.

The association between birth weight and mortality
extends into the post-neonatal period and birth
weights of 3500-4500 g were similarly associated with
the lowest risk. Table 4 shows that among LBW
infants the relative risk of post-neonatal death in
North Arcot was somewhat lower than that observed
in developed countries, whereas in Delhi the relative
risk among LBW infants was higher than in
developed countries. In Santa Maria Cauque, the
relative risks were somewhat anomalous, perhaps
because of the small number of subjects in this
study.

It is possible that there is also an association
between birth weight and mortality in the 1-4-year
age group. In the Gambia, child mortality is signifi-
cantly higher in children born in the wet season (when
the incidence ofLBW is high) than in children born in
the dry season (85), and there is some indication from
Guatemala that SGA infants may have an increased
14-year mortality risk (68, 71). In view of the limited
data available, however, it has been conservatively
assumed in the calculations which follow that low
birth weight confers no increased risk of death
beyond the first year of life.

In populations where the whole Gaussian distri-
bution of birth weights is shifted to the left, leading to
a lower mean birth weight, it is possible that the defi-
nition of LBW based on a cut-off point of 2500 g is
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Table 5. Neonatal and post-neonatal mortality rates by birth weight and gestational age

Mortality rate
Birth weight Gestational

(g) age Santa Maria North New York
Cauqu6 Delhi Arcot City

Neonatal mortality rate
(deaths per 1000 live births)

< 2500 Preterm 323 87 73 93

Term (SGA) 28 27 41 44

> 2500 Preterm -° 10 30 _b
Term 8 4 21 _b

Post-neonatal mortality rate
(deaths per 1000 survivors)

< 2500 Preterm 286 46 66 16
Term (SGA) 58 35 66 13

> 2500 Preterm _a 18 50 _ b

Term 42 13 42 _b

Reference 69 41 93 117

° No infants in this category.
b No data available.

too rigid (95). In such populations the relative risk of
neonatal or post-neonatal death among births of
< 2500 g may be lower than in populations with
higher mean birth weights. There is evidence for this
from the USA in populations living at high altitude
(e.g., Colorado, Tables 1 and 3) and from the United
Kingdom in populations differing in racial origin
(27). At present, however, there are insufficient birth-
weight-specific mortality data to determine whether,
or to what extent, the relative risk of neonatal and
post-neonatal death among LBW infants in
developing countries differs from that in developed
countries.
Many of the factors affecting mortality are inter-

related. Few studies have attempted to determine the
effect of one factor while controlling for the inter-
related factors. In Baltimore, during 1960-64, a
cohort of 108 852 single live births of known birth
weight were followed for one year after birth. When
the effects of birth weight, race, socioeconomic
status, maternal age, birth order, and prenatal care
were separated, birth weight was the most important
factor in neonatal mortality, and factors such as race,
socioeconomic status and maternal age were
important only because they were related to birth
weight (102). Likewise birth weight was the most
important factor in post-neonatal mortality. How-
ever, in this period the other factors (except for race)
were also important. In New York City during

1976-78, socioeconomic circumstances were also
found to have little effect on the probability of neo-
natal death once birth weight was controlled (83). No
comparable analyses from developing countries have
been located.

Mortality among preterm versus SGA infants.
Although the data are limited, it would appear that in
both developed and developing countries preterm
infants have a considerably higher risk of neonatal
death than term SGA infants of similar birth weight
(9, 110 and Table 5). The reason for this is the greater
difficulty experienced by preterm infants in adapting
to the extrauterine environment owing to immaturity
of many of the body's systems (117).

In the post-neonatal period, preterm infants may
also experience higher mortality rates than term SGA
infants (Table 5), but the difference is less marked and
less consistent than in the neonatal period.
The data on childhood mortality are very limited.

However, in New York, term SGA infants appeared
to be at slightly greater risk, their 12-23-month
mortality rate being 2.7 per 1000 compared with 2.3
for preterm infants (117). In Santa Maria Cauque,
term SGA infants had a higher mortality rate during
the second, third, and fourth years of life than
preterm infants (68).

Studies in the USA and United Kingdom have
shown that term SGA infants grow more slowly than
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preterm infants (25, 32, 81, 117), the difference in
their mean weight being 0.7 kg at 12 months (25, 117)
and 5 kg at 10 years of age (32). Slower growth in
SGA infants compared with preterm infants has also
been reported from New Delhi (100). In conclusion, it
would seem that preterm infants are at greater risk of
death, especially neonatal death, in the first year of
life than term SGA infants, but that preterm infants
who survive may grow better than SGA infants and
have lower mortality rates after 1 year of age.

Association of low birth weight with infant
morbidity. At present only limited data are available,
although several long-term prospective studies of
preterm infants are in progress in developed
countries. In Oakland, California, LBW infants did
not experience significantly more episodes of acute
,iseases in the first two years of life than infants of
higher birth weight (116).

Association of low birth weight with diarrhoea
morbidity or mortality. The association, if any,
between LBW and diarrhoea morbidity or mortality
is poorly documented. In the Inter-American Investi-
gation of Mortality in Childhood (89), LBW was
examined as an associated cause of diarrhoea
mortality, but only in relation to the neonatal period.
Of 1269 neonatal diarrhoea deaths recorded in 8
countries, LBW was a contributory cause in 49/o,
with a range from 28% in Bolivia to 80% in Jamaica.
In a prospective study from 1964 to 1972 in the Guate-
malan village of Santa Maria Cauque, LBW infants
showed greater rates of diarrhoeal disease and greater
prevalence rates of infection with Shigella,
Entamoeba histolytica and Giardia in the first six
months of life than infants of higher birth weight (68,
69). These findings are not reported in a way that
allows diarrhoea incidence by birth weight to be cal-
culated.

Since epidemiological data are limited, an alter-
native approach is to examine physiological function.
It is known that the immune response ofLBW infants
is severely compromised (19, 38) and is more
adversely impaired than that of postnatally
malnourished infants (38). In addition to defects in
cellular immunity, LBW infants have been found to
have a significant reduction in maternal-fetal transfer
of IgG (19, 100) and impaired synthesis of IgA, IgM,
and the C3 component of complement (100). In a
follow-up study of 30 LBW infants in New Delhi,
impaired immunity was associated with recurrent
attacks of diarrhoea in the first 6 months of life. The
impairment was most marked in SGA infants (100). It
may be tentatively concluded from these limited data
that LBW infants, especially if they are small for
gestational age, may be predisposed to increased
diarrhoea morbidity rates. Furthermore, since mal-

nourished infants are more likely than well nourished
infants to die from diarrhoea (33), it is reasonable to
expect that LBW infants, especially if they are SGA,
will experience increased diarrhoea mortality rates.
Further research is warranted to confirm these
tentative conclusions.

Evidence suggests that breast-feeding protects
young infants from diarrhoea (36). In some coun-
tries, especially where babies are born in hospital, a
greater proportion of LBW infants may be fed artifi-
cially compared with infants of heavier birth weight.
Feeding mode may therefore also contribute to an
increased risk of diarrhoea among LBW infants.

Conclusions on hypothesis 1. Birth weight is a
major determinant of infant mortality and, in
developed countries at least, the effect of birth weight
on neonatal mortality is independent of socio-
economic status. Where information is available, and
this shows considerable local and regional variations,
the majority of LBW infants in developed countries
are preterm, whereas in developing countries the
majority are small for gestational age. PretermAGA
infants suffer higher infant mortality rates than SGA
infants, and this difference is especially marked in the
neonatal period. On the other hand, preterm AGA
infants may grow better post-neonatally than SGA
infants.
We have located no satisfactory data on LBW as a

determinant of diarrhoea mortality or morbidity. The
strong association between LBW and mortality
(Tables 3 and 4) makes it likely that there is an
association between LBW and diarrhoea mortality in
developing countries where diarrhoea is a major cause
of infant death. Immunity is severely impaired in
LBW infants, especially SGA infants. Data from
India and Guatemala indicate that SGA infants may
be predisposed to increased diarrhoea morbidity.

Hypothesis 2. Improving the nutritional status,
health or life-style ofpregnant women can reduce
the prevalence of low birth weight.
Etiology of low birth weight. Low birth weight is

caused by factors that shorten the length of gestation
and/or impair fetal growth. Factors affecting the
latter are more pertinent to this review since SGA
infants probably comprise the majority of low-weight
births in developing countries. Some factors, for
example altitude, are not amenable to change. Other
factors including socioeconomic status, multiple
pregnancy, maternal height, and pregravid weight
can only be influenced by long-term interventions. In
this review, only factors that are more readily
amenable to change and might respond to short-term
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interventions in developing countries are examined.
The factors selected are poor nutritional status,
physically demanding work, maternal health,
maternal age, birth interval, and tobacco and alcohol
consumption. Only the first of these is discussed in
any detail.

Nutritional status. There is ample evidence that an
inadequate dietary intake during pregnancy adversely
affects birth weight. In the conditions of severe food
shortage that occurred in parts of Europe during the
Second World War, average birth weights fell by
185 g to 600 g (3, 28, 105).

In developing countries with seasonal food short-
ages, considerable fluctuations in birth weight occur.
In the village of Keneba in the Gambia, for example,
the mean monthly weight gains of pregnant women
were 0.4 kg in the wet season (July-October) and
1.4 kg in the dry season, and the corresponding
prevalences ofLBW were 350/o and 13% (86). In July
the average birth weight was 480 g less than in May
(94). However, the rainy season is not simply a time
of food shortage, it is also a period of increased
prevalence of maternal infection, including malaria,
and a period of increased agricultural activity. The
seasonal decrease in birth weight is thus likely to be
the result of several adverse factors which together
affect both maternal nutritional status and health.
A major focus of maternal and child health pro-

grammes has been the provision of additional food to
pregnant women. Unfortunately, few such interven-
tions have been evaluated. One exception is the
nationwide special supplemental food programme for
low-income American women, infants and children
(the WIC programme), which encourages clinic atten-
dance and provides individual nutrition counselling in
addition to the WIC foods (milk or cheese, eggs, iron-
fortified cereal, and fruit juices) through the Food
and Nutrition Service of the US Department of Agri-
culture. This programme has been associated with an
increased weight gain in pregnancy, an increase in
birth weight (+ 136 g, if supplemented for more than
6 months), and a decrease in the prevalence of LBW
from 10% to 6% (11, 29, 54). Of the services pro-
vided, only food supplementation had a significant
effect on birth weight (54).

Several small-scale feeding trials have been
evaluated and the results of nine such studies are
summarized in Table 6. In four of the studies the
observed improvement in birth weight was statisti-
cally significant although not always large (Mexico,
+213 g; Keneba, + 120 g; Guatemala, + 117 g; and
Montreal, + 40 g). In the three developing countries
where the prevalence of LBW was > 15% (the
Gambia, Guatemala, and Mexico), supplementation
led to a statistically significant reduction in the pro-

portion of low-weight births.' In China (Province of
Taiwan), the existing prevalence ofLBW was low and
pre-supplementation birth weights were relatively
good, especially if one takes into account maternal
short stature (65). The participants in this study may
therefore not have been at much nutritional risk. It
may be concluded that, where maternal nutritional
status is poor, food supplementation that effectively
increases net intakes can improve birth weights and
reduce the prevalence of LBW.

In Harlem (New York City) a decrease in mean
birth weight was observed with a high-protein, high-
mineral supplement (99). Since similar findings have
been reported from San Francisco with the same sup-
plement (2) and from Motherwell (Scotland) when
pregnant women were advised to eat a predominantly
protein diet (44), caution has been expressed about
possible deleterious effects of excessively high protein
intakes in pregnancy. The apparent decrease in mean
birth weight with a protein-free supplement in
Birmingham (England) was probably due to imper-
fect matching of the groups (119).
The provision of a food supplement, however, does

not necessarily lead to its consumption. In some
societies pregnant women may purposely restrict their
intake in anticipation of an easier delivery, and thus
traditional dietary customs may limit any effort to
improve maternal nutrition, whether by dietary
advice or by direct food supplementation. For
example, in Project Poshak in India, food collection
rates were poor in pregnancy and 907o of the ration
which was collected was subsequently dispersed
among other family members (43). In Colombia
where food supplements were provided for each
family member, pregnant women consumed only
57% of their allocation. Moreover, the supplement
replaced some of their regular diet so that despite very
generous rations there was a relatively small incre-
ment in net intake (50). In contrast, in the Gambia a
high uptake of the supplement was achieved which
was attributed to its palatability and to the fact that it
was offered in the early morning when the women
would not normally have eaten at home (88). Its high-
energy density assisted in achieving a substantial net
increase in energy intake.
The magnitude of the response in birth weight to

supplementation may appear disappointingly low.
However, where the data have been disaggregated,
the response among inadequately nourished mothers
is substantial. For example, supplementation
increased the mean birth weight during the wet season
in the Gambia by 225 g and decreased the prevalence
of LBW from 28% to 5% (88). In Colombia,

a Similar results have also been reported from India, where
supplementation in the third trimester was associated with a
significant increase in birth weight (+ 170 g) and a 48% reduction in
the prevalence of LBW (129).
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supplementation increased the mean birth weight by
181 g among mothers of low weight-for-height (50).
When the Guatemalan data were disaggregated by
socioeconomic score, supplementation reduced the
prevalence of LBW only among the more dis-
advantaged mothers. The reduction was from 29% to
13% (59). These examples emphasize the importance
of targeting food supplements to those most at risk.
Unfortunately, relatively little attention has been
directed towards identifying meaningful and practical
criteria for selecting pregnant women who would
benefit from dietary supplementation. Anthro-
pometric indices are likely to be the most appropriate
criteria (46, 121). Dynamic criteria such as weight
gain are preferable, but the necessity for at least two
measurements limits their feasibility.

Energy, rather than protein, appears to be the main
factor limiting fetal growth, and the total additional
calories consumed during pregnancy seem more
important than the trimester in which supplement-
ation is initiated (62). Where data permit, dose-
response values have been calculated in terms of the
mean increase in birth weight for every additional
10 000 kilocalories (41.84 MJ) consumed during
pregnancy (Table 6). The average values vary between
17 g and 44 g per 41.84 MJ (10 000 kcal). Where data
are disaggregated, the response increases with
decreasing nutritional status of the mother.

Space does not permit a full discussion of the
possible relationships between other specific nutri-
tional deficiencies and birth weight here. Anaemia in
pregnancy is common in developing countries (5) and
severe anaemia (haemoglobin of < 3.7 mmol/l or
60 g/l) is associated with LBW (104). Although there
may be a relationship between haematological status
and birth weight (40, 104, 122, 128), studies in dev-
eloped countries (49) and in India (109) suggest that
the administration of iron during pregnancy has no
detectable effect on birth weight or length of
gestation. These studies, however, have not examined
the effect of iron supplementation on birth weight in
severe anaemia, as opposed to mild anaemia. The
relationship between maternal folate status and birth
weight is not clear (96, 122, 128), but folate supple-
mentation may enhance birth weight (8, 52) and
further research is warranted. Poor maternal zinc
status is associated with SGA births (72, 84). Prenatal
supplemental iron or folate may adversely affect
maternal zinc status (47, 74, 108).

Physically demanding work. A seasonal increase in
the energy expenditure of pregnant women may have
a greater impact on birth weight than a seasonal
decrease in energy intake. For example, in Keneba in
the Gambia, the decrease in birth weight preceded the
decrease in energy intake and mirrored the increase in
physical work (94), and in the village of Ikwiriri in the

United Republic of Tanzania no seasonal decrease in
birth weight was observed in 1979 when flood rains'
delayed field work (7). In a review of the pattern of
work during pregnancy in 112 traditional societies, in
45%o of them the women continued full duties until
the onset of labour (53).

In the US Collaborative Perinatal Project, continu-
ation of employment during the third trimester was
associated with a reduction in mean birth weight of
between 150 g and 400 g. The effect was greatest for
women whose work involved standing, and those with
a low pregravid weight, hypertension, or a low weight
gain (78). In a Bombay cotton mill during 1925-28,
the mean birth weight was 139 g lower among women
mill-workers than among the non-working wives of
mill-workers, all of whom lived in similar grossly
overcrowded conditions. During 1928-29, when there
was a general strike for 6 months and the women
workers had an enforced rest, the mean birth weight
increased by 151 g and the prevalence of LBW
(< 5 pounds or 2268 g) decreased from 23%o to 13%o
(6). In Dakar, birth weights were found to be
relatively low in women involved in strenuous
physical work but whose nutritional status was
considered adequate (13). It is known that exercise
and an upright posture adversely affect placental
blood flow and it is for this reason that statutory
maternity leave was first introduced in the United
Kingdom. If exercise is undertaken in the heat, blood
has to be diverted to the skin as well as to the muscles,
thus reducing placental perfusion still further. Thus
certain types of work after mid-pregnancy may
impair fetal growth by reducing placental blood flow
and/or by affecting energy balance.

In many developing countries it is likely that a
reduction in the work load of pregnant women would
reduce the prevalence of LBW. Clearly this would
involve technological innovations and a radical
change in social attitudes and in the work patterns of
both men and women (31). Changes in social
attitudes and work patterns are unlikely to be
achieved in the short term.

Maternal health. Untreated maternal infections,
hypotension, and hypertension may affect fetal
growth. In endemic regions malaria is associated with
LBW. In a study in southern Nigeria, 240o of par-
turient women had malarial infection of the placenta
and the mean birth weight of their infants was 145 g
lighter than the infants of non-infected women (14).
Parasitaemia rates are highest among primigravidae
(120). In the Gambia, the difference in mean birth
weight between the infants of infected and non-
infected women was approximately 150 g for
firstborn infants and 60 g for all other births (67). In
the Solomon Islands, the mean birth weight rose sub-
stantially within months of starting anti-Anopheles
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spraying (66). Between 1969 and 1971 the mean birth
weight increased by 252 g for babies of primigravidae
and by 153 g for all other babies. The overall
prevalence of LBW fell from 21% to 12%. Infections
of the urinary tract are associated with preterm
delivery (77) and with SGA births (48). In rural
Guatemala, the incidence of urinary tract infection
was 27 per 100 pregnancies (115). A number of
studies have reported a reduction in the prevalence of
LBW by antibiotic treatment of pregnant bacteriuric
women (1). Amniotic fluid infections are common

especially in undernourished gravidae, and infection
within the amniotic cavity may initiate preterm labour
(75). Poor maternal nutrition appears to interfere
with the normal antibiotic activity of the amniotic
fluid. In Ethiopia, antimicrobial activity was absent
in 75%o of randomly selected urban women at term,
possibly as a result of zinc deficiency (113), and 31%
of women had localized chorioamnionitis at delivery
(79).

Maternal hypotension and hypertension are associ-
ated with reduced uteroplacental perfusion. In the
British Perinatal Mortality Survey, severe pre-
eclampsia (diastolic pressure of 14.7 kPa
(110 mmHg) or more, or of 12 kPa (90 mmHg) or
more with proteinuria) was associated with a 3.3
relative risk of a LBW delivery and with a mean birth
weight reduction of 225 g (15). In Ethiopia, severe
growth retardation was-found in fetuses whose deaths
were ascribed to pre-eclampsia (112).

Antenatal care of good quality is likely to improve
maternal health and thereby reduce the prevalence of
LBW. Such an effect has been documented in India
(80, 103), the United Republic of Tanzania (7), and
the USA (45). Unfortunately the existing coverage of
antenatal services is very low in most developing
countries and of the few women who use the services,
most do so only in the last trimester.

Maternal age. Teenage mothers have a higher
frequency of low-weight births for any given parity
(90). In 1976 in the USA, teenage mothers had a
relative risk of LBW of approximately 1.5 compared
with mothers aged 20-24 years (114). In New Delhi
the relative risk was 1.4 (91). A reduction in the pro-
portion of teenage pregnancies should reduce the
prevalence of LBW, but will be difficult to achieve in
the short term in some societies.

Birth interval. Studies in the United Kingdom (18),
the USA (Table 7), and Guatemala (69) have shown
that a short birth interval, especially of < 12 months,
is associated with an increased risk of LBW. In
developing countries, short birth intervals are becom-
ing more common especially in urbanized areas where
reduced breast-feeding is associated with a shortened
duration of postpartum amenorrhoea (118).

Table 7. Percentage of low-weight births among Black
and White populations, by interval since last birth, in 43
States of the USA, 1976"

Birth interval Prevalence of LBW (%)
(months)

Black White

< 12 26.9 14.8
12-23 12.1 5.0
24-35 9.9 3.9
36-47 9.7 3.8
> 48 9.8 4.7

All data from ref. 1 14.

Tobacco smoking and chewing. It is well estab-
lished that maternal smoking reduces birth weight
(42) and that there is a linear dose-effect relationship
in which the more cigarettes are smoked, the greater is
the reduction (16, 39). The putative mechanisms
responsible are discussed elsewhere (26, 51, 57, 63, 64,
73, 127). Smoking more than 15 cigarettes/day
doubles the incidence of LBW. It has been shown that
the adverse effect of smoking is independent of social
class, maternal age, and parity (16, 24, 42). In a recent
review, average reductions in birth weight ranging
from 120 g to 430 g are reported (57). Tobacco
chewing also reduces birth weight (56), although this
has been little studied. In a prospective, randomized
experiment (101), a specific antismoking campaign
directed at pregnant smokers was associated with a
significant increase in mean birth weight (+ 92 g).
There was also a 247o reduction in the prevalence of
LBW, from 8.9% to 6.87o, although this was not
statistically significant.
Alcohol consumption. Animal studies suggest that

alcohol is embryotoxic and teratogenic. The 'fetal
alcohol syndrome' is found only among infants of
mothers who regularly consume over 80 g alcohol/
day. Characteristically these infants are growth
retarded at birth and show a consistent pattern of
congenital anomalies (107). Whether more moderate
alcohol consumption, before or during pregnancy,
adversely affects birth weight is less clear. Failure to
allow for confounding variables and difficulties in
obtaining accurate drinking histories may have con-
tributed to the apparently conflicting results. A recent
prospective investigation of 900 pregnancies in
London, which was well controlled for confounding
variables, has found that women consuming more
than 100 g alcohol/week (1-2 drinks/day), around
the time of conception, were more than twice as likely
as light drinkers to have a LBW infant (126). There
was no apparent benefit, in terms of birth weight,
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from reducing such drinking once pregnancy was con-
firmed. The effects of heavy binge drinking are cur-
rently being analysed. Moderate drinking (50-100 g
alcohol/week) was not associated with a significantly
increased risk of LBW.

Conclusions on hypothesis 2. Poor maternal nutri-
tion, certain infections, pre-eclampsia, arduous work
after mid-pregnancy, short birth intervals, and teen-
age pregnancy are likely to be causally associated with
LBW in developing countries. Tobacco and alcohol
consumption are additional risk factors. It follows,
therefore, that interventions that reduce the preval-
ence of these 'causes' or their relative risks will reduce
the prevalence of LBW. Of the interventions
examined, maternal food supplementation has been
the most studied. If targeted to mothers at nutritional
risk, and if the food is consumed in addition to the
usual diet, the prevalence of LBW can be expected to
be reduced. However, food supplementation can be
expensive and the results from carefully supervised
feeding trials may be better than those that can be
achieved in national programmes. The effect of sup-
plementation with iron, zinc, or folate requires
further study.

Hypothesis 3. Improving the nutritional status,
health or life-style ofpregnant women can reduce
diarrhoea morbidity or mortality rates in young
children.

The only true test of this hypothesis would come
from a study in which pregnant women received food
supplementation, improved health care, or some
other relevant intervention, and where the impact of

this on LBW and on the diarrhoea rates in their
children was monitored. A randomized controlled
trial would be ideal, but might encounter ethical and
logistical difficulties. No study of this type has been
located, although in the Gambian prenatal supple-
mentation study the preliminary findingsb show
that there has been a sustained improvement in the
nutritional status of the wet season cohort. The most
likely explanation is that their increased birth weight
resulted in fewer, or shorter, episodes of diarrhoea. A
few studies have been reported in which food supple-
mentation for pregnant women, combined with other
interventions, was introduced and the impact of the
combined intervention on diarrhoea rates was
recorded. These results cannot be used to test
hypothesis 3 because the other interventions, such as
food supplementation for infants, are ones that may
well have independent effects upon diarrhoea rates.
Hypothesis 3 must be examined, therefore, by theor-
etical calculations of the reductions in diarrhoea
morbidity and mortality rates that might be achieved
by levels of birth-weight enhancement that may result
from improved maternal nutritional status, health or
life-style.

Three hypothetical populations are defined. First,
a relatively wealthy population having a prevalence
rate of LBW of < 10%; we call this population 1.
Second, an intermediate population, such as a poor
community in a developed country or a more wealthy
urban community in a developing country, having a
prevalence rate ofLBW of 10-20%; we call this popu-
lation 2. Third, a relatively poor community having a

b PRENTICE, A. M. ET AL. Effect ofprenatal supplementation
on birth weight andsubsequent growth ofinfants. Paper presented at
the Fourth Asian Congress of Nutrition, Bangkok, 1-4 November
1983.

Table 8. Standardized birth-weight distributions for populations at three different socioeconomic levels

Percentage of live births

Birth weight Population 1 Population 2 Population 3
(g) (relatively wealthy) (intermediate) (relatively poor)

% LBW= < 10 % LBW= 10-20 % LBW= > 20

<1501 1.0 1.5 1.5

1501-2000 1.5 } 7.5 3.0 14.5 5.0 31.5

2001-2500 5.0 10.0 25.0

2501-3000 20.0 28.0 45.0

3001-3500 40.0 36.0 20.0

3501-4000 25.0 17.0 3.0

> 4000 7.5 4.5 0.5

Estimated mean
birth weight (g) 3200 3000 2700
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Table 9. Standardized relative risks of neonatal mortality
and post-neonatal mortality by birth weight compared to
birth weight of 2501-3000 g

Relative risk

Neonatal Post-neonatal
Birth weight (g) mortality' mortalityb

<1501 50.0 6.1

1501-2000 18.0 3.4

2001-2500 4.0 1.8
2501-3000 1.0 1.0
3001-3500 0.5 0.6

3501-4000 0.4 0.5

> 4000 0.6 0.5

a Median values from Table 3.
b Median values from Table 4.

prevalence rate of LBW of > 20%; we call this popu-
lation 3. Using the data on birth-weight distributions
in Table 1, each of these three populations is assumed
to have a birth-weight distribution as set out in Table
8.
The reductions in infant mortality rates in popu-

lations 2 and 3 that may result from interventions that
increase birth weight can now be calculated on the
basis of the following assumptions.

(1) The effect of birth weight on risk of death does
not extend beyond the first year of life. This may not
be true but the assumption is necessary owing to lack
of data. It is a conservative assumption.

(2) A LBW prevention programme in population 3
will shift the birth-weight distribution to that of popu-
lation 2 (Table 8).

(3) A LBW prevention programme in population 2
will shift the birth-weight distribution to that of
population 1 (Table 8). This is much less likely than
assumption 2, as discussed below.

(4) The relative risks of neonatal and post-neonatal
mortality by birth weight are as set out in Table 9,
derived from the median values in Tables 3 and 4.
This may bias the relative risk towards that prevailing
in developed countries where LBW infants are pre-
dominantly preterm. Using the median value may
overestimate the impact of a LBW prevention pro-
gramme in North Arcot for example, where the
relative risks appear to be less than the median. Until
more data are available, this assumption is unavoid-
able.

(5) A LBW prevention programme changes the dis-
tribution of birth weight (see assumptions 2 and 3) but
the neonatal and post-neonatal death rates for a speci-
fied birth weight remain constant. In the medium

term this will clearly not be true and as LBW preval-
ence rates decline, so also will birth-weight-specific
mortality rates. It is the correct assumption to make
here, however, in order to separate out the impact of
interventions to increase birth weight from the impact
of other curative and preventive interventions.

These calculations do not take full account of the
fact that the amenability of LBW to change, and the
choice of interventions that will cause that change,
depend on three characteristics of the low-weight
births under consideration. First, amenability to
change and choice of intervention will depend on the
degree of LBW. Births of < 1500 g are unlikely to be
reduced by the improvements in maternal nutritional
status, health and life-style discussed here. To
account for this, the prevalence rates of < 1500 g
births have been set at 1.0% in population 1, and
1.5% in populations 2 and 3 (Table 8), despite the fact
that the rates are actually > 2% among non-whites in
the USA (Table 1). Second, amenability to change
and choice of intervention will depend on the ratio of
preterm to SGA births. SGA births are likely to be
more responsive to the interventions discussed here
than are preterm births. Third, and closely related to
the last point, as the overall LBW prevalence falls, the
ratio of preterm to SGA births will rise and so the
LBW pattern will become less amenable to change
through improvements in maternal nutritional status,
health and life-style. Thus, it is likely to be much
easier to shift the birth-weight distribution of
population 3 to population 2, than to shift that of
population 2 to population 1 (Table 8).
No data on the risk of diarrhoeal death by birth

weight have been located. It is therefore assumed that
the relative risks of diarrhoeal death by birth weight
are the same as those for all death (Tables 3, 4 and 9).
This assumption is unlikely to be correct for infants of
very low birth weight (say, < 1500 g). However, such
babies are assumed to make up a small and relatively
unchanging proportion of all births in the 3 popula-
tions being considered (Table 8). For higher birth
weights, and especially for post-neonatal mortality,
the assumption that all deaths and diarrhoeal deaths
have the same risk pattern by birth weight is not
unreasonable and is supported by data from the
Dutch famine study where infant diarrhoeal deaths
and overall infant mortality increased in a similar
manner in the SGA cohort born during the famine
(111).
The effects of shifting the birth-weight distribution

of population 3 to population 2, and that of popula-
tion 2 to population 1, on the neonatal, post-neo-
natal, infant, and 0-4-year age group diarrhoea death
rates are shown in Table 10. A population 3 to popu-
lation 2 shift is what might be anticipated by a LBW
prevention programme in a poor community in a
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Table 10. The impact on diarrhoea mortality rates of shifting the distribution of birth weightsa

% reduction in diarrhoea % of 0-4 years % reduction in
Birth-weight diarrhoea deaths diarrhoea mortality
distribution Neonatal Post-neonatal Infant that occur in among 0-59-month-
shiftb mortality mortality mortalityc infants old childrend

Population 3 to 30 25 26 40 10
population 2 60 16

80 21

Population 2 to 32 17 19 40 8
population 1 60 11

80 15

All calculations assume that the relative risks of diarrhoea death by birth weight are the same as the relative risks of all death by
birth weight (see text) and are as set out in Table 9.

b See Table 8 for the birth-weight distributions of populations 1, 2 and 3.
' Calculated by assuming that 14% of infant diarrhoea deaths occur in the neonatal period (median figure obtained in 8 studies).
dCalculated by assuming that either 40%, 60% or 80% of diarrhoea deaths in children under 5 years old occur in children under

1 year, and that birth weight has no effect on the risk of diarrhoea death beyond 1 year of age (see text).

developing country. It presumes a reduction in LBW
from 31.5% to 14.5% (a 54% reduction, see Table 8),
which has been achieved in the Gambia and Mexico
(Table 6). It further presumes an increase in mean
birth weight of 300 g, something that appears far
harder to achieve on the evidence presented in Table
6. A population 2 to population 1 shift is what might
be anticipated by a LBW prevention programme in a
Third World city or in a relatively wealthy, develop-
ing country. It presumes a reduction in LBW from
14.5% to 7.5% (a 48% reduction, see Table 8), which
has been achieved in China (Province of Taiwan)
(Table 6). It further presumes an increase in mean
birth weight of 200 g, something that appears harder
to achieve on the evidence of Table 6.
Expected reductions in diarrhoea mortality rates

are 30-32% in the neonatal period, 17-25% in the
post-neonatal period, and 19-26% for the entire first
year of life (Table 10). Expected reductions in
diarrhoea mortality rate in the 0-4-year age group are
8-21%, assuming that LBW confers no excess risk of
diarrhoea death after 12 months of age (Table 10).
This last expected reduction is sensitive to the
proportion of 0-4-year diarrhoea deaths that occur in
the first year of life. Widely differing proportions are
reported; for instance, 90% in Recife, Brazil (91),
81% in Latin America (89), 68% in Ludhiana, India
(91), 55% in North Arcot, India (92), and around
40% in a number of studies in Asia and Latin America
where active surveillance was employed (106). Three
proportions (40%, 60/o and 80%) are adopted for
comparison in Table 10.
There is no good evidence to suppose that either

a population 3 to population 2, or a population 2

to population 1, birth-weight-distribution shift is
achievable on a national scale by interventions in
maternal nutrition, health and life-style. As noted
above, the second of these shifts is especially unlikely
in the short term. The impacts computed in Table 10
are those expected if the birth-weight changes under
discussion were achieved. Lesser birth-weight
increases would result in lesser reductions in
mortality.

Conclusion on hypothesis 3. If it were possible to
intervene in maternal nutrition, health and life-style
in a developing country in a way that reduced the
prevalence ofLBW from around 30% to around 15%
(Table 8), a fall in infant mortality rate of around
26% would be expected (Table 10). The fall in infant
diarrhoea mortality rate might be similar. The scarce
data on the relative risk of morbidity by birth weight
do not allow any comparable computations for
morbidity reductions to be made.

FEASIBILITY AND COST

In the consideration of hypothesis 2 above, a range
of interventions were shown to be likely to decrease
the prevalence of LBW. These interventions would
seek to increase energy intake, decrease arduous
work, improve antenatal health care, and reduce
tobacco and alcohol consumption in pregn4nt
women. Interventions would also seek to discourage
teenage pregnancies and increase the birth intervals.
We have reviewed five small-scale feeding trials in
developing countries (Table 6). We have no know-
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ledge of any regional or nationwide programmes for
LBW prevention in developing countries using any of
the interventions mentioned above that have been
evaluated. We can therefore say little about the feasi-
bility and cost of such programmes.
Energy supplementation for pregnant mothers at

nutritional risk is perhaps the most likely of the inter-
ventions listed above to achieve reductions in LBW
prevalence in the short term. However, such an inter-
vention suffers from the very considerable cost,
logistical and other disadvantages of all supple-
mentary feeding programmes (33). Changes in work
patterns and attitudes towards work during
pregnancy may be extremely resistant to change in the
short term. Antenatal care is gradually improving in
most developing countries, and it is unlikely that a
LBW prevention programme could significantly
accelerate this process. Vigorous educational pro-
grammes may be able to reduce tobacco and alcohol
intake during pregnancy, but we know of no docu-
mented examples of such campaigns in developing
countries. Discouraging teenage pregnancy, and pro-
moting longer birth intervals, are part of existing
birth control programmes in several developing coun-
tries. They should have a beneficial effect upon birth
weights but this is secondary to the primary goal of
reducing the birth rate.

CONCLUSIONS

A substantial reduction in the prevalence of low
birth weight is theoretically possible and would lead

to a substantial reduction in infant mortality rate
(Table 10). The effect on diarrhoeal mortality or
morbidity rates is unknown, however. In this paper it
has been assumed that the relative risk of diarrhoeal
death by birth weight is the same as that for all death
(Table 9). Data are so scarce on the risk of morbidity,
diarrhoeal or other, by birth weight that no
computations have been possible.

Prospective studies are required that record from
birth the diarrhoea morbidity rates, and if circum-
stances permit, the diarrhoea mortality rates, of
groups of infants having known birth weights. These
infants should be followed for at least 12 months, and
preferably 24 months to determine ifLBW confers an
excess risk of diarrhoea in the second year of life. The
relative risk values obtained may be used to compute
the reductions in diarrhoea morbidity and mortality
that would follow from a given improvement in birth-
weight distribution.
At the same time, greater attention should be paid

to the problem of LBW in developing countries. This
review has confirmed that, whatever its association
with diarrhoea, LBW is an important determinant of
infant mortality. For the more general goal of
reducing infant mortality it is necessary to know more
about the nature (preterm vs small for gestational
age), etiology, and prevention of LBW in developing
countries. In particular, it is necessary to know
whether interventions to reduce LBW are feasible at a
national or subnational scale in developing countries
and whether such interventions are cost-effective in
comparison with other strategies for reducing infant
mortality rates.
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RtSUMt

INTERVENTIONS CONTRE LES MALADIES DIARRHEIQUES CHEZ LE JEUNE ENFANT: PREVENTION D'UN FAIBLE
POIDS DE NAISSAANCE

Le pr6sent article constitue la cinquieme mise au point
d'une s6rie sur les interventions possibles en vue de r6duire la
morbidite et la mortalit6 associ6es aux maladies
diarrh6iques chez les enfants de moins de cinq ans dans les
pays en d6veloppement. On 6tudie ici l'influence d'un faible

poids de naissance (FPN) sur la morbidit6 et la mortalite par
diarrh6es ainsi que les interventions visant a augmenter ce
poids. Tout en reconnaissant que l'6tiologie du FPN est
multifactorielle, I'accent est mis sur les facteurs maternels
dont on pense qu'ils ont le plus d'importance dans les pays
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en developpement et qu'ils sont susceptibles d'evoluer dans
un proche avenir, moyennant des interventions conve-
nables.

Sur l'ensemble des naissances, on compte 16% de FPN
(< 2500 g). D'apres les observations, la majorite des cas de
FPN seraient des prematur6s dans les pays developpes, et
des enfants petits par rapport a leur age gestationnel (PAG)
dans les pays en d6veloppement. Le poids de naissance
conditionne largement la mortalite infantile et, au moins
dans les pays developpes, son influence sur la mortalite
neonatale ne depend pas de la situation socio-economique.
Chez les prematur6s de poids normal pour leur age
gestationnel (NAG), on observe un taux de mortalite
infantile plus eleve que chez les nourrissons PAG mis a
terme, la diff6rence 6tant particulierement marqu6e a la
periode n6onatale. Aucune donn&e convaincante n'a pu etre
trouv6e quant au r6le 6tiologique du FPN dans la morbidit6
ou la mortalit6 d'origine diarrheique. L'association 6troite
entre FPN et mortalite fait qu'il existe probablement un lien
entre FPN et mortalit6 d'origine diarrh6ique dans les pays
en d6veloppement oiu les diarrh6es sont l'une des grandes
causes de mortalit6 infantile. L'immunit6 est gravement
amoindrie chez les nourrissons de faible poids de naissance,
sp6cialement les nourrissons PAG.
Une nutrition mediocre chez la mere, certaines infections,

la nephropathie gravidique, un travail penible au-dela du
milieu de la grossesse, des naissances rapprochees et le jeune
age de la future mere, encore adolescente- tous ces facteurs
ont certainement un lien de cause a effet avec le FPN dans
les pays en developpement. L'usage du tabac et la consom-
mation d'alcool sont des facteurs de risque suppl6mentaires.
Il s'ensuit que les interventions qui rendent ces "causes"
moins fr6quentes ou qui abaissent le risque relatif
correspondant, sont de nature & r6duire la prevalence du
FPN. Parmi les interventions examinees, I'administration a
la mere de suppl6ments nutritionnels a 6te la plus 6tudi6e.
Cette intervention est en principe efficace si elle vise les

femmes en cause du fait de leur nutrition et si les aliments
distribu6s viennent compl6ter leur ration habituelle.
Cependant, la distribution de supplements nutritionnels
peut etre coAteuse, et des essais soigneusement supervis6s
pourraient donner de meilleures resultats que ceux qu'on
obtient dans les programmes nationaux. L'effet de
suppl6ments de fer, de zinc ou de folate n6cessite des 6tudes
complementaires.

Si l'on pouvait agir sur la nutrition, I'6tat de sant6 et le
mode de vie des meres dans un pays en developpement de
fapon a ramener la prevalence du FPN d'environ 30% a
15%, on devrait obtenir une baisse du taux de mortalite
infantile de l'ordre de 26%. Le taux de mortalite infantile
par diarrh6e devrait enregistrer une chute similaire. Les
rares donn6es dont on dispose sur le risque relatif de
morbidit6 associe a un faible poids de naissance ne
permettent pas de faire des calculs analogues quant a la
r6duction a attendre pour le taux de morbidite.

II est indispensable de realiser des etudes prospectives ou
seront enregistr6s des la naissance le taux de morbidite par
diarrh&e (et, si les circonstances le permettent, le taux de
mortalite correspondant) dans des groupes de nourrissons
ayant un faible poids de naissance, de valeur connue. En
meme temps, il faudra se preoccuper davantage du
probieme du FPN dans les pays en d6veloppement. La
presente etude a confirme que le FPN constitue, quel que
soit son lien avec la diarrh&e, un determinant important de la
mortalite infantile. S'agissant de l'objectif, plus general,
d'un recul de la mortalite infantile, il faudrait en savoir plus
sur la nature (prematures ou enfants petits pour leur lge
gestationnel), 1'etiologie et la prevention du FPN dans les
pays en developpement. En particulier, il convient de savoir
si les interventions visant a limiter les cas de FPN sont
praticables dans ces pays, a l'chelle nationale ou infra-
nationale, et si elles ont un rapport cout/efficacite favorable
par comparaison a d'autres strategies envisageab!es pour
faire reculer la mortalite infantile.

REFERENCES

1. ABRAMOWICZ, M. & KAss, E. H. Pathogenesis and
prognosis of prematurity. New England journal of
medicine, 275: 1001-1007 (1966).

2. ADAMS, S. 0. ET AL. Effect of nutritional supplemen-
tation in pregnancy. Journal of the American Dietetic
Association, 72: 144-147 (1978).

3. ANTONOV, A. N. Children born during the siege of
Leningrad in 1942. Journal ofpediatrics, 30: 250-259
(1947).

4. AYENI, 0. & ODUNTAN, S. 0. The effects of sex,
birthweight, birth order and maternal age on infant
mortality in a Nigerian community. Annals ofhuman
biology, 5: 353-358 (1978).

5. BAKER, S. J. & DEMAEYER, E. M. Nutritional
anaemia: its understanding and control with special
reference to the work of the World Health
Organization. American journal of clinical nutrition,
32: 368417 (1979).

6. BALFOUR, M. I. & TALPADE, S. K. The maternity
conditions of women mill-workers in India. Indian
medical gazette, 65: 241-249 (1930).

7. BANTJE, H. Seasonal variations in birthweight distri-
bution in Ikwiriri village, Tanzania. Journal oftropical
pediatrics, 29: 50-54 (1983).

8. BAUMSLAG, N. ET AL. Reduction of incidence of pre-
maturity by folic acid supplementation in pregnancy.
British medical journal, 1: 16-17 (1970).

9. BHARGAVA, S. K. ET AL. Outcome of babies with severe
intra-uterine growth retardation. I. Maternal factors,
congenital malformations, mortality and survival
pattern. Indian journal of medical research, 62:
367-374 (1964).

10. BEHRMAN, R. E. ET AL. Fetal and neonatal mortality in
white middle class infants. American journal of
diseases of children, 121: 486-489 (1971).



PREVENTION OF LOW BIRTH WEIGHT FOR CONTROL OF DIARRHOEAL DISEASES IN CHILDREN 181

11. BERKENFIELD, J. & SCHWARTZ, J. B. Nutrition inter-
vention in the community-the "WIC" program.
New England journal of medicine, 302: 579-58 1
(1980).

12. BLACKWELL, R. Q. ET AL. Prospective maternal nutri-
tion study in Taiwan: rationale, study design, feasi-
bility, and preliminary findings. Nutrition reports
international, 7: 517-532 (1973).

13. BRIEND, A. Fetal stunting, fetal wasting and maternal
nutritional status. In: Aebi, H. & Whitehead, R.G.,
ed., Maternal nutrition in pregnancy and lactation.
Bern, Hans Huber, 1980, pp. 150-159.

14. BRUCE-CHwATr, L. J. Malaria in African infants and
children in southern Nigeria. Annals of tropical
medicine and parasitology, 46: 173-200 (1952).

15. BUTLER, N. R. & ALBERMAN, E. D. Perinatal
problems: the second report of the 1958 British
perinatal mortality survey. Edinburgh, Livingstone,
1969.

16. BUTLER, N. R. ET AL. Cigarette smoking in pregnancy:
its influence on birth weight and perinatal mortality.
British medicaljournal, 2: 127-130 (1972).

17. CAMPBELL BROWN, M. Protein-energy supplements in
primigravid women at risk of low birthweight. In:
Campbell, D. M. & Gillmer, M. D. G., ed., Nutrition
in pregnancy. London, Royal College of Obstetricians
and Gynaecologists, 1983, pp. 85-98.

18. CHAMBERLAIN, G. ET AL. British births 1970. Vol 2,
Obstetric care. London, Heinemann, 1978.

19. CHANDRA, R. K. Fetal malnutrition and postnatal
immunocompetence. American journal of diseases of
children, 129: 450-454 (1975).

20. CHASE, H. C. Infant mortality and weight at birth:
1960 United States birth cohort. American journal of
public health, 59: 1618-1628 (1969).

21. CHASE, H. C. A study of risks, medical care and infant
mortality. American journal of public health, 63
(suppl.): 1-16 (1973).

22. CHAVEZ, A. Effects of malnutrition on infant body
morphology. In: Sterky, G. & Mellander, L., ed.,
Birth-weight distribution-an indicator of social
development. Uppsala, SAREC Report No. R:2, 1978,
pp. 18-20.

23. CHAVEZ, A. & MARTINEZ, C. Effects of maternal
undernutrition and dietary supplementation on milk
production. In: Aebi, H. & Whitehead, R. G., ed.,
Maternal nutrition during pregnancy and lactation.
Bern, Hans Huber, 1980, pp. 274-284.

24. COMSTOCK, G. W. ET AL. Low birthweight and
neonatal mortality rate related to maternal smoking
and socioeconomic status. American journal of
obstetrics and gynecology, 111: 53-59 (1971).

25. CRUISE, M. 0. A longitudinal study of the growth of
low birthweight infants. I. Velocity and distance
growth, birth to 3 years. Pediatrics, 51: 620-628
(1973).

26. DAVIES, D. P. ET AL. Cigarette smoking in pregnancy:
associations with maternal weight gain and fetal
growth. Lancet, 1: 385-387 (1976).

27. DAWSON, 1. ET AL. Birthweight by gestational age and
its effect on perinatal mortality in white and in Punjabi
births: experience at a district general hospital in West

London 1967-1975. British journal of obstetrics and
gynaecology, 89: 896-899 (1982).

28. DEAN, R. F. A. The size of the baby at birth and the
yield of breast milk. In: Studies of undernutrition,
Wuppertal 1946-9 (MRC Special Report Series, No.
275). London, HMSO, 1951, pp. 346-378.

29. EDOZIEN, J. C. ET AL. Medical evaluation of the special
supplemental food program for women, infants, and
children. American journal of clinical nutrition, 32:
677-692 (1979).

30. ERICKSON, J. D. & BJERKEDAL, T. Fetal and infant
mortality in Norway and the United States. Journal of
the American Medical Association, 247: 987-991
(1982).

31. FAGLEY, R. M. Easing the burden of rural women: a
16-hour workday. Assignment children, 36: 9-28
(1976).

32. FALKNER, F. Maternal nutrition and fetal growth.
American journal of clinical nutrition, 34: 769-774
(1981).

33. FEACHEM, R. G. Interventions for the control of
diarrhoeal diseases among young children: supple-
mentary feeding programmes. Bulletin of the World
Health Organization, 61: 967-979 (1983).

34. FEACHEM, R. G. Interventions for the control of
diarrhoeal diseases among young children: promotion
of personal and domestic hygiene. Bulletin of the
World Health Organization, 62: 467-476 (1984).

35. FEACHEM, R. G. & KOBLINSKY, M. A. Interventions
for the control of diarrhoeal diseases among young
children: measles immunization. Bulletin ofthe World
Health Organization, 61: 641-652 (1983).

36. FEACHEM, R. G. & KOBLINSKY, M. A. Interventions
for the control of diarrhoeal diseases among young
children: promotion of breast-feeding. Bulletin of the
World Health Organization, 62: 271-291 (1984).

37. FEACHEM, R. G. ET AL. Diarrhoeal disease control:
reviews of potential interventions. Bulletin of the
World Health Organization, 61: 637-640 (1983).

38. FERGUSON, A. C. Prolonged impairment of cellular
immunity in children with intrauterine growth retard-
ation. Journal ofpediatrics, 93: 52-56 (1978).

39. FIELDING, J. E. Smoking and pregnancy. NewEngland
journal of medicine, 298: 337-339 (1978).

40. GARN, S. M. ET AL. Hematological status and
pregnancy outcomes. American journal of clinical
nutrition, 34: 115-117 (1981).

41 GHOSH, S. ET AL. Mortality pattern in an urban birth
cohort. Indian journal of medical research, 69:
616-623 (1979).

42. GOLDSTEIN, H. Smoking in pregnancy: some notes on
the statistical controversy. Britishjournal ofpreventive
and social medicine, 31: 13-17 (1977).

43. GOPALDAS, T. ETAL. Project Poshak. In: CAREIndia.
New Delhi, 1975, Vol. 1, pp. 77-81.

44. GRIEVE, J. F. K. ET AL. Dieting in pregnancy: a study
of the effect of a high protein, low carbohydrate diet on
birthweight in an obstetric population. In: Sutherland,
M. W. & Stowers, J. M., ed., Carbohydrate metab-
olism in pregnancy and the newborn. Berlin, Springer
Verlag, 1979, pp. 518-533.



182 A. ASHWORTH & R.G. FEACHEM

45. GUYER, B. ET AL. Birth-weight-standardized neonatal
mortality rates and the prevention of low birthweight:
how does Massachusetts compare with Sweden? New
Englandjournal of medicine, 306: 1230-1233 (1982).

46. HABICHT, J. P. & YARBROUGH, C. Efriciency in select-
ing pregnant women for food supplementation during
pregnancy. In: Aebi, H. & Whitehead, R. G., ed.,
Maternal nutrition during pregnancy and lactation.
Bern, Hans Huber, 1980, pp. 314-336.

47. HAMBIDGE, K. M. ET AL. Zinc nutritional status during
pregnancy: a longitudinal study. American journal of
clinical nutrition, 37: 429-442 (1983).

48. HARRIS, R. E. ET AL. Asymptomatic bacteriuria in
pregnancy: antibody-coated bacteria, renal function,
and intrauterine growth retardation. Americanjournal
of obstetrics and gynecology, 126: 20-25 (1976).

49. HEMMINKI, E. & STARFIELD, B. Routine administration
of iron and vitamins during pregnancy: review of con-
trolled clinical trials. British journal of obstetrics and
gynaecology, 85: 404-410 (1978).

50. HERRERA, M. G. ET AL. Maternal weight/height and
the effect of food supplementation during pregnancy
and lactation. In: Aebi, H. & Whitehead, R. G. ed.,
Maternal nutrition during pregnancy and lactation.
Bern, Hans Huber, 1980, pp. 252-263.

51. HERRIOT, A. ET AL. Cigarette smoking in pregnancy.
Lancet, 1: 771-773 (1962).

52. IYENGAR, L. Folic acid requirements of Indian
pregnant women. American journal of obstetrics and
gynecology, 111: 13-16 (1971).

53. JIMENEZ, M. H. & NEWTON, N. Activity and work
during pregnancy and the postpartum period: a cross-
cultural study of 202 societies. American journal of
obstetrics and gynecology, 135: 171-176 (1979).

54. KENNEDY, E. T. ET AL. Evaluation of the effect ofWIC
supplemental feeding on birth weight. Journal of the
American Dietetic Association, 80: 220-227 (1982).

55. Koops, B. L. ET AL. Neonatal mortality risk in relation
to birth weight and gestational age: update. Journal of
pediatrics, 101: 969-977 (1982).

56. KRISHNA, K. Tobacco chewing in pregnancy. British
journal of obstetrics and gynaecology, 85: 726-728
(1978).

57. LANDESMAN-DWYER, S. & EMANUEL, I. Smoking
during pregnancy. Teratology, 19: 119-126 (1979).

58. LECHTIG, A. & KLEIN, R. E. Prenatal nutrition and
birth weight: is there a causal association? In:
Dobbing, J., ed., Maternal nutrition in
pregnancy-eating for two? London, Academic
Press, 1981, pp. 131-156.

59. LECHTIG, A. ET AL. Causes of low birthweight in Latin
America. Archivos latinoamericanos de nutricion, 27
(Suppl. 1, Part 2): 28-77 (1977).

60. LECHTIG, A. ET AL. Effect of food supplementation
during pregnancy on birthweight. Pediatrics, 56:
508-520 (1975).

61. LECHTIG, A. ET AL. Food supplementation during
pregnancy, maternal anthropometry and birth weight
in a Guatemalan rural population. Journal of tropical
pediatrics, 24: 217-222 (1978).

62. LECHTIG, A. ET AL. Effects of maternal nutrition on
infant health. Implications for action. Journal of
tropical pediatrics, 28: 273-286 (1982).

63. LEHTOVIRTA, P. & FORSS, M. The acute effect of
smoking on intervillous blood flow of the placenta.
British journal of obstetrics and gynaecology, 85:
729-731 (1978).

64. LONGO, L. D. Carbon monoxide: effects on
oxygenation of the fetus in utero. Science, 194:
523-525 (1976).

65. MCDONALD, E. C. ET AL. The Bacon Chow study:
maternal nutritional supplementation and birth weight
of offspring. American journal of clinical nutrition,
34: 2133-2144 (1981).

66. MACGREGOR, J. D. & AVERY, J. G. Malaria transmis-
sion and fetal growth. British medical journal, 3:
433-436 (1974).

67. MCGREGOR, I. A. ET AL. Malaria infection of the
placenta in the Gambia, West Africa; its incidence and
relationship to stillbirth, birthweight and placental
weight. Transactions of the Royal Society of Tropical
Medicine and Hygiene, 77: 232-244 (1983).

68. MATA, L. J. Malnutrition-infection interactions in the
tropics. American journal of tropical medicine and
hygiene, 24: 564-574 (1975).

69. MATA, L. J. The children of Santa Maria Cauque: a
prospective field study of health and growth.
Cambridge, MIT Press, 1978.

70. MATA, L. J. ET AL. Survival and physical growth in
infancy and early childhood. American journal of
diseases of children, 129: 561-566 (1975).

71. MATA, L. J. ET AL. Antenatal events and postnatal
growth and survival of children in a rural Guatemalan
village. Annals ofhuman biology, 3: 303-315 (1976).

72. MEADOWS, N. J. ET AL. Zinc and small babies. Lancet,
2: 1135-1137 (1981).

73. MEYER, M. B. How does maternal smoking affect
birth weight and maternal weight gain? American
journal of obstetrics and gynecology, 131: 888-893
(1978).

74. MILNE, D. B. ET AL. Effect of oral folic acid supple-
ments on zinc, copper, and iron absorption and excre-
tion. American journal of clinical nutrition, 39:
535-539 (1984).

75. MINKOFF, H. Prematurity: infection as an etiologic
factor. Obstetrics and gynecology, 62: 137-144
(1983).

76. MORA, J. 0. ET AL. Nutritional supplementation and
the outcome of pregnancy. I. Birth weight. American
journal of clinical nutrition, 32: 455-462 (1979).

77. NAEYE, R. L. Causes of the excessive rates of perinatal
mortality and prematurity in pregnancies complicated
by maternal urinary-tract infections. New England
journal of medicine, 300: 819-823 (1979).

78. NAEYE, R. L. & PETERS, E. C. Working during
pregnancy: effects on the fetus. Pediatrics, 69: 724-727
(1982).

79. NAEYE, R. L. ET AL. Amniotic fluid infections in an
African city. Journal of pediatrics, 90: 965-970
(1977).

80. NATIONAL INSTITUTE OF NUTRITION. Annual report
1979. Hyderabad, Indian Council of Medical
Research, 1979, pp. 59-61.

81. NELIGAN, G. A. ET AL. Born too soon or born too small
(Clinics in Developmental Medicine, No. 61), London,
Heinemann, 1976, pp. 54-63.



PREVENTION OF LOW BIRTH WEIGHT FOR CONTROL OF DIARRHOEAL DISEASES IN CHILDREN 183

82. NUNES, R. M. [Study of courses of action relating to
human reproduction and nutrition in Recife (Brazil)].
Bolet(n de la Oficina Sanitaria Panamericana, 81:
304-312 (1976) (in Spanish with summary in English).

83. PANETH, N. ET AL. Social class indicators and mortality
in low birthweight infants. American journal of
epidemiology, 116: 364-375 (1982).

84. PATRICK, J. ET AL. Zinc and small babies. Lancet, 1:
169-170 (1982).

85. PRENTICE, A. M. Variations in maternal dietary
intake, birthweight and breast-milk output in the
Gambia. In: Aebi, H. & Whitehead, R. G., ed.,
Maternal nutrition during pregnancy and lactation.
Bern, Hans Huber, 1980, pp. 167-183.

86. PRENTICE, A. M. ET AL. Long-term energy balance in
child-bearing Gambian women. American journal of
clinical nutrition, 34: 2790-2799 (1981).

87. PRENTICE, A. M. ET AL. Dietary supplementation of
lactating Gambian women. I. Effect on breast-milk
volume and quality. Human nutrition: clinical
nutrition, 37C: 53-64 (1983).

88. PRENTICE, A. M. ET AL. Prenatal dietary supplemen-
tation of African women and birth-weight. Lancet, 1:
489-492 (1983).

89. PUFFER, R. R. & SERRANO, C. V. Patterns ofmortality
in childhood. Washington, Pan American Health
Organization, 1973 (Scientific Publication No. 262).

90. PUFFER, R. R. & SERRANO, C. V. Birthweight,
maternal age, and birth order: three important
determinants in infant mortality. Washington, Pan
American Health Organization, 1975 (Scientific
Publication No. 294).

91. PUFFER, R. R. Mortality ofinfants and children under
S years of age in India. New Delhi, USAID India,
1982.

92. RAO, P. S. S. & INBARAJ, S. G. Perinatal, infant and
early childhood mortality in North Arcot district of
Tamil Nadu, India. In: Longitudinal studies in human
reproduction (Monograph No. 6). Vellore, Christian
Medical College, 1973.

93. RAO, P. S. S. & INBARAJ, S. G. A prospective study of
infant mortality and congenital malformations in
relation to intra-uterine growth rates in south India.
Indian journal of medical research, 67: 245-254
(1978).

94. ROBERTS, S. B. ET AL. Seasonal changes in activity,
birth weight and lactational performance in rural
Gambian women. Transactions ofthe Royal Society of
Tropical Medicine and Hygiene, 76: 668-678 (1982).

95. ROOTH, G. Low birthweight revised. Lancet, 1:
639-641 (1980).

%. ROTHMAN, D. Folic acid in pregnancy. American
journal of obstetrics and gynecology, 108: 149-175
(1970).

97. RUSH, D. Nutritional services during pregnancy and
birthweight: a retrospective matched pair analysis.
Canadian Medical Association journal, 125: 567-576
(1981).

98. RUSH, D. ET AL. The rationale for, and design of, a
randomized controlled trial of nutritional supplemen-
tation in pregnancy. Nutrition reports international, 7:
547-553 (1973).

99. RUSH, D. ET AL. A randomized controlled trial of
prenatal nutritional supplementation in New York
City. Pediatrics, 65: 683-697 (1980).

100. SAHA, K. ET AL. A six-months' follow-up study of
growth, morbidity and functional immunity in low
birthweight neonates with special reference to
intrauterine growth retardation in small-for-gesta-
tional-age infants. Journal of tropical pediatrics, 29:
278-282 (1983).

101. SEXTON, M. & HEBEL, J. R. A clinical trial of change in
maternal smoking and its effect on birth weight.
Journal of the American Medical Association, 251:
911-915 (1984).

102. SHAH, F. K. & ABBEY, H. Effects of some factors on
neonatal and postneonatal mortality. Milbank
Memorial Fund quarterly, 49: 33-57 (1971).

103. SHAH, P. M. & UDANI, P. M. Analysis of the vital
statistics from the rural community, Palghar-II.
Perinatal, neonatal and infant mortalities. Indian
pediatrics, 6: 651-668 (1%9).

104. SINGLA, P. N. ET AL. Effect of maternal anaemia on
the placenta and the newborn infant. Acta paediatrica
Scandinavica, 67: 645-648 (1978).

105. SMITH, C. A. Effects of maternal undernutrition upon
the newborn infant in Holland (1944-1945). Journal of
pediatrics, 30: 229-243 (1947).

106. SNYDER, J. D. & MERSON, M. H. The magnitude of the
global problem of acute diarrhoeal disease: a review of
active surveillance data. Bulletin of the World Health
Organization, 60: 605-613 (1982).

107. SOKOL, R. J. ET AL. Alcohol abuse during pregnancy:
an epidemiologic study. Alcoholism, 4: 135-145
(1980).

108. SOLOMONS, N. W. & JACOB, R. A. Studies on the bio-
availability of zinc in humans: effects of heme and
nonheme iron on the absorption of zinc. American
journal of clinical nutrition, 34: 475482 (1981).

109. SOOD, S. K. ET AL. WHO sponsored collaborative
studies on nutritional anaemia in India. Quarterly
journal of medicine, 44: 241-258 (1975).

110. STARFIELD, B. ET AL. Mortality and morbidity in
infants with intrauterine growth retardation. Journal
ofpediatrics, 101: 978-983 (1982).

111. STEIN, Z. ET AL. Famine and human development: the
Dutch hunger winter of 1944-1945. London, Oxford
University Press, 1975.

112. TAFARI, N. & NAEYE, R. L. Perinatal death due to pre-
eclampsia in an African city. East African medical
journal, 55: 462-466 (1978).

113. TAFARI, N. ET AL. Failure of bacterial growth inhi-
bition by amniotic fluid. American journal of
obstetrics and gynecology, 128: 187-189 (1977).

114. TAFFEL, S. Factors associated with low birthweight:
United States, 1976. In: Vital and health statistics-
Series 21, No. 37. Washington, DC, Department of
Health, Education and Welfare, 1980 (Publication No.
(PHS) 80-1915).

115. URRUTIA, J. J. ET AL. Infection and low birthweight in
a developing country. American journal ofdiseases of
children, 129: 558-561 (1975).

116. VAN DEN BERG, B. J. Morbidity of low birthweight
and/or preterm children compared to that of the
"mature". Pediatrics, 42: 590-597 (1968).



184 A. ASHWORTH & R.G. FEACHEM

117. VAN DEN BERG, B. J. & YERUSHALMY, J. The
relationship of the rate of intrauterine growth of
infants of low birthweight to mortality, morbidity, and
congenital anomalies. Journal of pediatrics, 69:
531-545 (1966).

118. VAN GINNEKEN, J. K. The impact of prolonged breast-
feeding on birth intervals and postpartum
amenorrhoea. In: Mosley, W. H., ed., Nutrition and
human reproduction. New York, Plenum, 1978, pp.
179-195.

119. VIEGAS, 0. A. C. ET AL. Dietary protein-energy
supplementation of pregnant Asian mothers at
Sorrento, Birmingham. II. Selective during third
trimester only. British medical journal, 285: 592-595
(1982).

120. WATKINSON, M. & RUSHTON, D. I. Plasmodial pigmen-
tation of placenta and outcome of pregnancy in West
African mothers. British medicaljournal, 287: 251-254
(1983).

121. WHARTON, B. A. ET AL. Selection, compliance and
logistics -lessons from the Sorrento supplementation
study. In: Campbell, D. M. & Gillmer, M. D. G., ed.,
Nutrition in pregnancy. London, Royal College of
Obstetricians and Gynaecologists, 1983, pp. 101-111.

122. WHITESIDE, M. G. ET AL. Iron, folic acid and vitamin
B12 levels in normal pregnancy, and their influence on
birthweight and the duration of pregnancy. Medical
journal ofAustralia, 1: 338-342 (1968).

123. WILLIAMS, R. L. & CHEN, P. M. Identifying the
sources of the recent decline in perinatal mortality rates
in California. New Englandjournal of medicine, 306:
207-214 (1982).

124. WORLD HEALTH ORGANIZATION. The incidence of low
birthweight. A critical review of available information.
World health statistics quarterly, 33: 197-224 (1980).

125. WORLD HEALTH ORGANIZATION. The incidence of low
birthweight: an update. Weekly epidemiological
record, 59: 205-212 (1984).

126. WRIGHT, J. T. ET AL. Alcohol consumption,
pregnancy, and low birthweight. Lancet, 1: 663-665
(1983).

127. WYNN, M. & WYNN, A. Theprevention ofhandicap of
early pregnancy origin. London, Foundation for
Education and Research in Child Bearing, 1982.

128. YUSUFJI, D. ET AL. Iron, folate and vitamin B12
nutrition in pregnancy: a study of 1000 women from
southern India. Bulletin of the World Health Organiz-
ation, 48: 15-22 (1973).

129. BHATNAGAR, S. ET AL. Effect of food supplementation
in the last trimester of pregnancy and early post-natal
period on maternal weight and infant growth. Indian
journal of medical research, 77: 366-372 (1983).


