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A primary concern of developmental planners has focused on the dilemma of
excessive popﬁlation growth and inadequate food supplies. Although the issue
of nutrition and reproduction has numerous implications, there is as yet a
rudimentary understanding of the mechanism through which nutrition affects
reproductive performance and the means by which reproduction exerts an
influence on ﬁutritional status. The purpose of this paper is to outline
' ;he areas of inadequate knowledge and research priorities for nutritional and
reproductiﬁe interrelationships.

Reproductive performance includes not only factors affecting fertility
or the production of live births, but also the survival probability of those
live born infants. The influence of reproductive performance on nutrition
for our purpoées will center on factors. affecting maternal and infant nutritional
status. We will not examine the issue of male reproductive behavior because
its ;ignificance in the dynamics of ngtrition and reproduction is minor.

There are several reasons why cdncern about the correlation between
nutriéion and reproduction has surfaced. Programs which attempt to limit
fertility must first understand the constraints imposed upon reproductive
performance. The role of malnut;ition must be defined because of the potential
for an increase iﬁ fertility and reproductive efficiency which may be achieved
by nutritional supplementation programs (Mosley, 1978). Methods for improving
rebroductive efficiency should be sought because of the waste in human
resources and human suffering involved.

At question still is whether nutritional differencesllead to enddgh
variations in reproductive performance to consider nutrition an important
determinant of the latter (Menken, 1978). 1In order to assess this guery, the
biologic mechanisms through which malnutrition may alter reproduction should
be discussed. Lack of or diminished reproductive capability may be influenced

_by nutrition through interaction with: (1) the length of the



reproductive span; (2) the pacing of pregnancies; (3) pregnancy outcome;
and (4) the probability of infant survival. It is necessary to accertain the
importance of each of these factors on total reporduction and the degree to
which malnutrition is a significant influence on them.

The impact of reproduction of nutritional status is primarily based on
the nutritional demands imposed by pregnancy and lactation. The maternal
depletion syndrome is in part a result of the demands of recurrent pregnancy
and lactation associated with high fertility (Gray, 1975). Any association
between low maternal nutritional status and high rates of fetal wastage/infant
mortality should be examined because ;f the resulting unnecessary biologic
- and social costs. Short spacing between births is frequently associated with
poor infant nutritional status. Kwashiorkor, a condition of malnutrition
caused by low intakes of dietary protein, originated from a term meaning 'a

disease that occurs when a child is displaced from the breast by another

child" (Jelliffe, 1969).

Although the causes of malnutrition are numerous, any improvements that can
be made in maternal or infant nutritional status through changes in reporductive
patterns would be advantageous. Therefore, an understanding of how reproduction

affects nutritional status is imperative.

Lactation is an important intervening variable which may influence or be
influenced by nutrition. The nutritional status of the mother may influence
her ability to lactate and the quantity/quality of breast milk she produces.
The significance of breast milk for infant nutrition is immense, especially
for infants in developing countries where appropriate weaning foods and uncon-

taminated water are lacking.
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Nutrition becomes an important consideration in the search for appropriate
fertility control measures within developing countries. Maternal nutritional
status may be influenced by certain contraceptive techniques which increase

rrequirements for specific nutrients by altering metabolic processes. It is
necessary to assess whether certain contraceptives may be contraindicated for
malnourished women. Another area of convern is how contraceptive techniques
can influence breastfeeding patterns through changes in milk output, duration
of lactation, or behavior of women.

Aside ffbm the possible direct linkage between successful contraceptive
usage and nutritional status, the use of family planning may itself be
facilitated when associated with nutrition and h;alth projects (Taylora 1975).
A long debated controversy centers on whether fertility control techniques will
indeed be adopted as long as infant mortality is high. Malnutrition may, in
part, be indirectly responsible for parental desires to have large numbers of

children.

Nutritional Influences on Reproductive Performance

Reproductive Span

The female reproductive span begins with the onset of menarche and
terminates with menopause. This is the period during which a woman is
capable of reproduction. The length of the reproductive span can ipfluence
fertility by allowing more or less time for reproduction. A later age of.
menarche and an earlier age of menopause will reduce the time available for
reproduction. If nutrition affects either of these two variables, then levels
of fertility may be altered.

| There is abundant evidence available in the literature to suggest an

association between nutritional status and the onset of menarche (Burrell,
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et al., 1961; Cagas and Riley, 1970; Dréizen, et al., 1967; Tanner and

" O0'Reeffe, 1962; Tanner, 1268; Frisch,-1972; Kraiji-Cercek, 1956; Zacharias,

et al., 1976). Frisch and McArthur (1974) have suggested that the onset of
menarche is dependent on the attainment of a miniﬁa{ weight for height. They
hypothesize ﬁhat mgnarche will not occur until a critical percentage body weight
as fat has been reached.

Research within tﬁe area of nutrition and menarche includesthe need for
descriptive studies gathering height and weight data at menarche for different

racial and ethnic groups (Frisch, personal communication). Animal studies

should examine the biochemical mechanisms that result in the onset of menarche

and how malnutrition may affect these mechanisms. Chowdhury, et al. (1977)
have suggested that a short-term nutritional crisis may have caused a delay
in the age of menarche in rural girlsAin Bangladesh. Therg‘ig a need to
examine whether the nutriticnal effect on the onset of menarche is reiated to
long~term and/or short-term nutritional deprivation. Research should assess
the effeci of eating practices and nutrition during the perinatal period,
infancy, and childhood on the age of menarche of girls of various racial and
socio-eéonomic characteristics (National Academy of Sciences, 1971, page 160).

Although menarche initiates the reproductive span, there is generally a
period of temporéry sterility associated with the first years after onset of
menarche. Studies are needed to determine whether nutritional status affects
the period of temporary sterility experienced once menarche has occurred.
Research shOuid assess the length of the anovulatory period in early and late
maturing girls to determine whether late onset of maturity results in shorter
or longer periods of anovulation (National Academy of Sciences, 1971).

The evidence for a nutritional effect on the onset of menopause is less

definitive as that on the onset of menarche. One of the difficulties in
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stud&ing éhis issue is based on the lack of accurate age reporting in develop-
ing countries where malnutrition is’prevalent. Broad based comparisons do
{1llustrate that the age of menopause in developed countries 1s probably higher
than that of women in developing countries. The median age of menopause among
American women has been reported as 49.8 years (MacMahon and Worcester, 1966),
" compared to a median age of meﬁopause of 44 years reported among women in the
" punjab (India) by Wyon, et al., 1968. In a United States study, skinfold
thicknesg was poéitively correlated with age at menopause (WHO, 1969). The
snly;study ;vailable for developing countries which had accurate ages of women
avallable due to a system of registered births was reported by Scragg (1973).
He obéerved.that the median age of menopause was 43.6 years in malnourished
women compared to 47.3 years in well nourished women.

Menken (1978) stressés the need to focus on more deﬁailed information
about timing and deterﬁinants of menopause in different éocieties. Frisch
(pé¥sona1 communication) suggests the need for more data on age at menopause,-

length of periods of pre-menopausal sterility, and height-weight of women at
N -

menopause by parity. There is also a need to assess how influential the role
of nutrition is in comparison to genetic, racial, or ethnic variations in the

age of menopause.

Pace of Pregnancies

Within the reproductive span, fertility is determined by the spacing of
pregnancies. Any given pregnancy interval is composed of three component
parts: (1) the period of temporary sterility (poétpartum amenorrhea); (2)
the time between onset of postpartum menses and conception (menstrual inter-
val); and (3) the duration of gestation. In this section we will discuss the
firgt two parameters as they are the variables most likely to affect the dura-

tion of the pregnancy interval.
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There is a period of temporary sterility following a birth of approximately
two months that is associated with the horﬁonal status of pregnancy. This
period of postpartum amenorrhea may be extended with thé practiﬁe of lactation,
although the mechanism responsible for the anovulatory state is as.yet;
speculativg. It appears that the hormoné proléctin, which is produced and
secreted in response to the suckling stimulus of the infant, may intérfére
with normal gonadotropic production and/or secretion to prevent.ovulation
(Delvoye, eg al., 197??; Tyson, et al., 1978; Martin, 1977). It has also been
sdggested ﬁhat beyond the hormonal effect, malnutrition may have-an added |
influence on lengthening the duration of posépa;tum amenorrhea (Frisch and
McArthur, 1974). This theory is based in part on the observation that
ameno?rhea has been observed among non-lactating women in famine timés
(Smith, 1945; Antonov), or in conditions of anorexia-nervosa (Crisp and -
Stonehill), - Fr;sch (1975) has suggested that the égzgfenance of menstrual

cycles among lactating women may be related to a critiéal percentage body

weight as fat, in a mechanism similar to that proposed for the onset of

. \ e
menarche.

Recent findings on the effect of malnutrition on the duration of post-
partum amenorrhea illustrate conflicting results. Chavez and Martinez (1973)

Abserved that durations of lactational amenorrhea were reduced from 14.0
to 7.5 wvhen mothers were fed supplementary food. A problem with thislstudy
is that t;e infants of the supplemented mothers were also given supplementary
feedings. Therefore, the diminished duration of postpartum amenorrhea may
have instead been related to a decreased suckling by the infant rather than
to an improvement in the mother's nutritional status. Saxton and Serwadda

(1969) reported in a Tanzanian study that malnourished women experienced an

average length of postpartum amenorrhea of eighteen months compared to nine
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montﬁs of amenorrhea experienced by well-fed women. However, the two groups
of women resided in different parts of the countrﬁ, and customs such as other
breastfeeding patterns may have also differed. Studies which did not contain
such methodological problems were unable to find extreme variations in dura-
tions of postpartum amenorrhea by maternal nutritional status. ,Bongaaéts and
Delgado (1977) observed among éuatemalan women that the duration of postpartum
amenorrhea varied by less than one month for malnourished meen in comparisén
to well-nourished women. Chowdhury (1978) reported similar findings of varia-
tions in postpartum amenorrhea of less than one month's duration between women
of various nutritional groups. Huffman, et al. (1978), were unable to
differentiate women by weight to height measureﬁents according to postpartum
menstrual status. This study illustrates no minimal weight for height |

necessary for the maintenance of postpartum menstrual cycles among Bangladeshi‘
women. S

" Before one can assess the mechanisms by which nutrition could lead to
Aamenorrﬂea during lactation, it is necessary to (1) determine whether there
is a causal relationship between\postpartum amenorrhea and nutrition aﬁa—(Z)
assess direct mechanisms by which the process of lactation leads to postpartum
amenorrhea. Studies are needed to examine the associations of postpartum
nménorrhea and nutrition when all other pertinent variables, such as suckling
patterns, have been controlled for in varying populations. A means of assess-
ing whether maternal nutritional status is related to postpartum sterility
would include examining the duration of postpartum amenorrhea among non-
lactating women of various nutritional states. This would eliminate the

confounding factor of lactation and the influence of the corresponding

hormonal mechanisms.



In order to determine the mechanisms involved in amenorrhea associated
with lactation, there must be a concerted effort to identify: (a) feedback
meéﬁanisms controllingiprolactin secretion in lactation, (b) the influence of
- prolactin on lutenizing hormone releasing factor (LHRF) and follicie stimulating
hormone releasing factor (FSHRH) release and action, (c) the prolactin effect
"on ovarian steroidogenesis, (d) the prolactin gffect on milk.volume ;nd
quality, and (e) the neuro-tfansmitters regulating prolactin and gonadotropin
.release (Tyson, personai communication). Further studies are needed on the
relationshiﬁ between frequency and intensity of the nursing stimulus on pro-
lactin response and to assess what infant factors affect suckling frequencies
and inténsity (Tyson, 1978).

1 Present studies are asseééing the use.of thyrotropin releasing hormone
(TRH), which stimulates the secretion of prolactin, as a means of increasing
the duration of postpartum amenorrhea while simultaneousli—iﬁcreasing milk

production. Further studies are needed to examine the relevancy of TRH

administration on the augmentation of breast milk production, effects on

e

fertility (Tyson, 1978), and inflﬁénces on maternal and infant nutritional
status.

Prospective studies on changes in nutritional status over time in
telagiQn to lactation and the onset of menses would help to clarify the role
of maternal nutritional status in relation to postpartum amenorrhea., Such
studies should also incorporate the assessment of frequency, duration, and
intensity of suckling in order to determine the role of these factors in
' éoatpartum amenorrhea. Both maternal and infant factors affecting suckling
patterns need to be assessed. These would include whether there is an
association between poor production of breast milk and increased suckling by

the infant or whether infant malnutrition results in an increased or dacreased
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frequency of suckling. The effect of infant supplementation on the suckling

patterns should also be studied.

. Menstrual Interval

Butritional influences on the duration of the menstrual interval (fecundability)
T may act either on (1) the proba?ility of ovulation or (2) the ffequency of
intercoursg. Frisch suggeéts that m%lnourished women have high frequencies
of irregular and anovulatory cycles (1975). lAccording to this theory one would
expecé to find longer intervals from onset of menses to conception among
poorly nourisﬁed women; Data from Bangladesh and Guatemala indicate that
. maternal malnutrition has little or no effect on the duration of the menstrual
interval (Chowdhury, et al., 1978; Bongaarts and.Delgado, 1978). Huffman (1977)
observed no differences in irregularity of cycles according to maternal
malnutrition in a cross-sectional study of lactating women in Bangladesh.

Effects of starvation on decreasing libido in both men and women are
well kﬁowu (Keyes, et al., 1950). Whether there is an association between
chronic malnutrition and libido 1is still at question.

Research in this area should addressAthe question of whether malnutrition
.affects coital frequency and the occurrence of ovulation. There is a need to
assess the mechanisms by which changes in fecundity occur. Studies should
assess regularity of ovulation and frequency of intercourse in relationship
to variations in nutritional status.

There is some suggestion that lactation may affect the menstrual interval
by altering tubal and uterine function. It has been proposed that there is
&n Increased likelihood of the ova being lost between the ovary and the tube,
an Increased likelihood of defective ova which are non~susceptible to
fertilization, a decreased likelihood of fertilized ova to nidate under the

influence of lactation (Coutinho, 1971 see Jain IUSSP). These possibilities

should be examined.
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Qutcome of Pregnancy

=

After conception, nutrition may affect: (1) the probability'of the
conception resulting in a live birth, (2) the condition of the pregnancy, or
(3) the quality of the birth as it affects infant survival. The outcome of
pregnancy will affect the duration of the birth interval and subsequently
the fotal fertility rates as well as_the probability of infant survival lead-
ing’ to the production of reproducing offspéing.

" There is:some evidence suggesting a correlation between malnutrition and
ratgs of stillbirths. During the hunger famine in Holland in 1944-1945, Stein
and Susser (1975) illustrated that there was a slight increase in the number of
stillbirths. However, this increase was not associated with decreased dietary

intake.‘ Maternal stature, which may reflect a woman's previous nutritional

status, has been associated with an increased incidence of stillbirth (Baird,

—

1952, see maternal nutrition in the course of pregnancy).

Rates of eariy fetal wastage for developing countries have not been
observed to be higher than those in countries of the developed world CMgiléy,
1977). There are methodological problems that prevent clear comparisons
between such populations, but it would appear that at present there is no
evide;ce available to suggest that malnutrition is related to an increased
tendency of early fetal wastage.

Lactation may affect the likelihood of spontanéous abortions through
horm;nal mechanisms related to the lactation process‘ . Swenson
has shown that in Bangladesh lactating women who experienced a pregnancy
.éithin twelve months of their last birth were more likely to have the subse-
quent pregnancy result in a fetal wastage (Swenson, 1976). Whether this
association is related to maternal nutritional status, the practice of lacta-

tion, or other factors is as yet open to question.
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" " There 1is a need to_compare reproduc;ive performance in nations with low
rates of fetal lossto those with high rates (National Academy of Sciences,
1971). Thg intrauterine environment should be studied with respect to maternal:
malnutrition and intrauterine infection. Rates of fetal wastage should be
examined in relation to gestational age, birth order, maternal age, maternal
health, and matérnal nutritional status. Résearch in this area should examine
the impact of various states of malnutrition on the developing fetus according
to the lengtﬁ of gestation. This is necessary to assess the timing of the
nutritionally most vulnerable period for the developing fetus so that supple-
mentation programs can be aimed to correspond with this period. Appropriate
means to prevent malnutrition prior to and during pregﬁancy should be explored.

| Anbther area of concern is whether malnutrition affects the condition of
the pregnancy. This includes such t;pics as toxemi#, nutritional deficiencies
such aé anemia, and illnesseé experienced by the mother during her pregnancy.

There is need to clarify the relationship between the incidence of toxemia
. - N \ «

Pp—

and socio-economic status, nutritional status, dietary and health habits, and
" the availability of health care (National Academy of Sciences,‘1971). Little
‘is known about the effects of parity and spacing on complications of pregnancy
an& delivery. Basic research should examine changes in body composition
during éregnancy and the composition of the placenta in relation to its
function (Chopra, 1972). Studies on the relationship of hematologiclstatus
to th; course and outcome of pregnancy should also be initiated. The relation-
ship of preconceptual and interpregnancy care on hematologic status is also
necessary (National Academy of Sciences, 1971).

A special issue related to the condition of the pregnancy is that of
adolescent pregnancy. Little information is available on the earliest age of

pregnancy in relation tc menarche and the state of adolescent growth. There
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is a nged for careful longitudinal studies of premenarchial girls followed to
the end of the growth period. Also of interest is the relation of (1) post-
menarchial growth to fertility, (2) effects of pregnancy on post-menarchial

growth, (3) impact of early pregnancy on adult stature, (4) comparison of

early and late maturers as to their biological risk of pregnancy, (5) effects

"~ of mother's biological immaturity on the fetds, and (6) how super-imposing the

growth process affects metabolism and nutrient requirements (National Academy

of Sciences, 1971).

The role of the quality of the birth reflects the chénces for infant
survival. One of the major associations with neonatal deatﬁ is low birth
weight. If.the mother has been malnourished during pregnancy, the subsequent
infant born of low birth weight (small>fof date) has an increased risk of
mortality. . 7 L

_ . —

The association between nutritional status and gestational age of the
infant éhould be assessed. Weight gain during pregnancy, especially in
dgveloping countries, should be measufed in order to determine whether the
pattern of weight gain parallels that in the United States or whether it
differs according to the length of gestation. Hormonal changes during preg-
nancy neeé to be measured in relation to the-supply of nutrients to matermal
metabolism and to the fetus. Changes in absorption and retention of nutrients
during éregnancy should also be assessed along with the metabolic effects of

calorie restriction during pregnancy and the relation to fetal development. (N.A.S.

Little 1s known on the special requirements of multiple pregnancies.
4
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Influences of Reproduction on Nutritiohal Status

Pregnancy and lactation impose sévere nutritional demands on the moéher:
During pregnancy extra energy is needed for the growth of the fetus, placent;,
and associated maternal tissues and for the increased cost of movement for
the heavier mother (WHO, 1973, WHO Technical Report Series Number 522, "Energy
and Protein Requirements, ' Geneva). Tot#l energy needs of a pregnancy are
thought to be about 80,000 Kcal, of which about one-third is thought to be
accounted for by fat deposition (FAO/WHO, 1973). Lactation is considered to
be 907 efficient; in othef words, energy requirements for the mother will be
closely equal to that of the milk produ;ed. If a woman produces on the
average 850 ml of milk per day with an energy value of about 600 calories, a
mother woul& need about 670 Kcal of ehergy from food. 1In developed countries
when fat storage is laid down during pfegnancy, the requirement may be less
because of the calories available from fat stored in the mother. Mothers with
less stored fat and those who breastfeed for an extensive period of time need

a greater food intake during lactation to meet the extra caloric demands (WHO,

- 1973)

.. Proteln requirements during pregnancy and lactation also increase because
of the need for protein to fulfill the nitrogen content of the fetus, fetal
membranes, and maternal tissues (WHO, 1973). 1Increased protein requirements
during. lactation are those needed for milk production.

As discussed previously, there is a strong 5ssociation between mothef's
Q;ight gain during pregnancy and birth weight illustrated in the Guatemalan
studies . ,,ir At question is whether protein or calorie
deficits are more important in producing low birth weight babies. Habicht

et al. (1974) illustrated that when mothers were supplemented during pregnancy
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with calories and protein, the birth weights of their children increased as

caloric consumption increased. Protein consumption had no effect on birth =~ ~ ~

weight. 7 T -~

The increasing demands on maternal stores as the number of pregnancies

increases may result in maternal malnutrition. There has been association in

the literature between high parity and low maternal weight for height and the

. prevalence of anemia (Venkatachalem, 1962). When diets are insufficient,

maternal nutritional status may deteriorate with increasing parity since a
woman is unable to build up her fat reserves to maintain an adequate weight
for height ratio. Anemia may occur because of the requirements for iron

needed for the growing fetus, tﬁué, high parity women are also prohé to

anemia.

One of the problems involved in assessing the effects of reproduction on

nutrition is that of the association between high fertility rates and low

socio-economic status within a malnourished population. Factors that appear

to be caused by reproductive patterns may in fact be due to low socio-economic

- —

status. Nutritional status of children is also often related to the mother's
pattern of fertility. Children in larger families have been found to be ﬁore
malnourished than those in smaller families in developing countriés (Bailey,
1964; Rao and Gopalan, 1969). There are again problems in assessing this
because of the interrelationships between high fertility and socio-economic
status. There is a need to examine the pathways by which high fertility is
associate& with poor child nutrition.

| It has been suggested that pregnancy risks are extremely high during

adolescence because of the competing demands of both growth and pregnancy e

These risks include premature_labor, low birth weight, high neonatal

mortality, excessive toxemia of pregnancy, iron deficiency anemia, pelvic

4
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disproportion, and prolonged labor (National Academy of Sciences, 1971, pagé
149). Recent information, however, suggests that the majority of éhe problems
ass;ciated with adolescené pregnancies are not due to youth but rather to low
socio-economic status. Support for this assertion is that births among women
in their'late teens have become progressively less hazardous in aeveloped
countries as obstetrical care has improved and general socio :;éc§nbmic T T
conditions have increased.

There is a need to examinme further the effects of short and long birth
spacing on maternal and infant health and the mechanisms by which these
factors operate. Research in this area should also examine the obstetric
performance of adolescents to determine whether nutrition plays an important
rolg. With the increasing use of induced abortion throughout the developing
world, there is also a need to assess whether inducéd abortion has an effect
on maternal nutritiénal status and the effects of maternéi‘nﬁtritional status
on the complications of induced abortion (National Academy of Sciences,

"Nutrition and Fertility Interrelationships,' 1975).

-
~.

Lactation

iological Factors

The effect of maternal nutritional status and dietary intake on the
quality and quantity of breast milk is an unsettled issue. Most studies
reveal that women in developing countries produce a lesser volume of milk than
women -in developéd countries (Chavez, 197?; Bailey, 1964; Gopalan, 197?7?). .The
quality of the milk produced seéms to be very similar, especially with rela-
tion to the proportion of protein, éalories; and fats found in the milk.

TPe question of whether supplementation will increase the quantity of
milk is still open. Studies by Chavez, et al., in Mexico (1975) and Gopalan

in India (1960) illustrated that when the diets were supplemented, the volume
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of milk increased somewhat but there was little or no change in the composition
of the milk. Edozian in Africa (1975) was able to increase the production of
milk by 200 cc per day with increments in protein intake of 75 grams. Much
of the unresolved questions center on the difficulty in measurement of total
milk output under normal conditions. Most studies have been conducted in
hospital settings where fixed feeding schedules have been enforeed. Even when
carried on in the field under rnormal circumstances, it is difficult to asses
whether one is accurately able to determine the amount of milk output. Wray
(1978) states that much more information is needed in order to clarify any
quantify the‘relatives effects of calorie versus protein deficiences on human
milk production.

Further research is needed to: (a) determing the extent to which milk pro-
duction can be improved by better maternal nutrition, especially in chronically
malnourished women; (b) to clarify and quantify the relative effects of calorie
versus protein deficiencies on human milk production; and (c) to assess the effect
of nutrition on the quality, auantity, and duration of laéiation and the effects
of these three factors on the duration of lactation and on the immune mechanisms

of the infant (Wray, 1978).

—

Weight changes during lactatibn need to be measured for women in various parts
of the developed and developing world. This should be done in order to assess the
effect of lactation on maternal nutritional status. The enhancement of maternal nu-
tritional status as a factor which might increase breatfeeding behavior, especially
amoung women in the developing world, should be studied further. There is a need
to estimate the energy loss in mothers who do not breastfeed to assess whether they
are more likely to retain weight gained during pregnancy than breastfeeding mothers
(Tyson, personal communication).

The association between breastfeeding and infant nutrition should also be
examined, There is a need for comparative studies of the pattern of mortality
associated with infant feeding in both developing and developed countries. It is

also essential to assess obesity patterns between breast and bottle fed infants
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especially in the developed world,

One of the prime research needs related to improviﬂg infant nutritional
status is the question of when to introduce supplementary feeding. It is nec-
essary to assass the potential tradeoff between the effect of infant supple-
mentation for meeting infant nutrient requirements and the effect of infant
supplementation on curtailing the duration of postpartum amenorrhea. If the
infant is supplemented at four to six months, his/her nutritional status may be
enhanced over that of unsupplemented infants becuase the quantity of breast milk
is usually inadequate to meet the growing demands of infants above these ages,
However, coexistent with the supplementation is the problem of food contamination

and access to weaning foods appropriate for the infant's nutritional needs.

The increase in foods eaten by the infant would also be likely to result
in his/her suckling to be diminished. As illustrated in numerous studies,
mo;hers of fully breastfed infants exhibit longer durations of amenorrhea
than those who supplement their infant§ (Berman, 1972 Potter, et al., 1965).
Subséquently shortened pregnancy intervals will result for mothers who feed
their infants supplements in comparison to those who fully breastfeed their
children. The disadvantages to the infant of being displaced completely at
the breast by a subsequent sibling need to be off-balanced by the need for
additional supplements. Although this area of concern presents numerous -
methddological difficulties, it repfesents one of the significant practical
issues facing nutritionists in developing countries.

A tesearcﬁ issue related to this problem is that oflmaternal suppiementa-
tion and increased breast milk production. If maternal supplements can improve
breast milg output, it may be more advantageous to eliminate infant supplementa-
tion in favor of maternal supplementation. If the infant were able to consume
an adequate supply of breast milk, the problems of inadequate weaning foods
and contamination effects would not be present. There would also be the added

advantage of extending the mother's period of infertility associated with the
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{ncreased duration of full breastfeeding. Research in this area should con-

centrate on assessing the most appropriate means of improving infant nutrition

fn order to increase the probability of infant survival.

Behavioral Factors

Aside from the biological factors associated with lactation, research
needs to include the examination of socio-cultural aspects of breastfeeding
behavior. Some of the issues which should be addressed include: (1) the
ageparity distribution at time of employment following delivery; (2) educa-
tional level and income of breastfeeding versus bottle feeding mothers; and
(3) the cost of bottle feeding in comparison to the cost of breastfeeding (costs of
weaning foods compared to the added nutrient requirements of the mother and the
foods she would consume to meet these requirements) (Tyson, personal communica-
tion): There is a need to assess trgditional practices of breastfeeding and whether
(personal communication) suggests the need for longitudinal and cross-sectional
research on the behavioral factors affecting breastfeeding behavior with parti-
cular regard to policy issues such as: (1) contraceptive use, (2) availability

and prices of milk and infant foods (3) nature of women's employment opportunities.

(4) medical professional influences (modern and traditional), and
(5) knowledge ané beliefs of the mother. Small pilot projects should be
attempted to enhance the extent and length of breastfeeding in urban and rural
areas. There is a need for in-depth cost-benefit analyses of breastfeeding.

Behavioral modeling would facilitate the understanding of the joint inter=

action between child care o;ganizations, labor force participation, type of
. Job selected, and breastfeeding behavior and fertility (Popkin, 1978).
Butz (1978) states that there is a need for research at the househ§1d
level to determine the direction of causality in the correlation between

women's work activities, wages, level of education, and breastfeeding.
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Research is needed to identify particular factors in family surroundings that
govermments can alter to induce women to maintain their time and energy spent
breastfeeding even as total overall prime allocation patterns change
drastically (Butz, 1978). Research should aim at discovering how the supply
of effective substitutes for breastfeeding can be made availaBle. Butz has

. delineated six questions which summarize the concern for breastfeeding trends:
(1) what are the characteristics of populations most at risk to declines of
breastfeeding? (2) What factors are responsible for these qEE}iﬁes? (3) What
factors might be altered by public policy to prevent or arrest declines?

(4) what is the aggregate effect on breastfeeding that can be expected to
resultf (5) what is the cost of the policy? (6) What are the policy's -
significant effects? (Butz, 1978) Data should be collected to facilitate

understanding of the reasons for declines in breastfeeding during socio-

econonmic development and to elicit interventions useful in stemming these

declines (Butz and Habicht, 1975).
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gg;tilitz¥gontfol Programs

Because of the increasing spread of contraceptive techniques throughout

the developing world where nutritional status is minimal, there is a need to

- assess the significance of various contraceptive methods on maternal nutri-

tional status. Although there have been numerous studies on the role of oral

contraceptives in relation to specific vitamin levels in developed countries,

there is a paucity of literature for most of the developing world. The

changes in levels noted for women in'the developed countries include altera-
tions-of-the follgwing elements: Vitamin A, ascorbic acid, Vitamin By,
Vitamin BG’ folic acid, thiémin, riboflavin, iron, copper, ana zinc (Prasad,

"et-al., 1978). The principal elements that have elicited concern are those

of folic acid and Vitamin B6 because of observed deficiencies among women on
oral contraceptive therapy. The significance for women in\ﬁgyeioping countries
is especially disconcerting since éerumllevels of these vitamins may already
be minimal when contraception is first initiated. Mechanisms responsible for
the above changes in nutrient 1e§e1§ and any associated physiologic significance
should be delineated.

Side effects associated with oral contraceptives differ in some respect
in developing versus developed countries. Such occurrences as dizziness and
burning sensations in the extremeties have been noted at a high frequency
among users in Bangladesh, although they are seldom mentioned by women in
developed countries (CRL, 1977). Such symptoms may be caused by nutrient
deficiencies. It is therefore possible that the malnourished woman may be
preconditioned to be lesé able to tolerate the physiologic changes occurring
through the ingestion of oral contraceptivesias easily as well nourished women.

This issue deserves special attention.
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With the increasing use of oral contraceptives by adoleécents, there is a
need to address the effects of oral contraceptives on post-menarchial growth
(National Academy of Sciences, 1971).

There is also a need for systematic collaborative research on the effect
of steroidal contraception and lactation. Research in the area should include:
(1) whether combined estroéen-progesterone contraceptivesraffect lactation and,
if so, by hoy much, (2) what effects the low-dose estrogens have on lactation,
(3) whether steroidal methods have long-term effects on infants through any
passage in the breast milk, and (4) how soon after delivery steroidal contra-
ception should be initiated, with regard to the effects on infant nutritional

-status if steroidal contraception leadsito diminished lactation (Buchanan,
1977). Another area(worthy of attention is the extent to which oral contra-
ceptives have enhanced or com@eted with the effects of breastfeeding in
developing nations (Osteria, 1978).

The impact of prolonged use of intrauterine devices on maternal nutri-
tionai status needs to be examined (Omran, 1971, "The Health Scheme in Family
Planning,' Carolina Population Center, A. R. Omran). Specifically, the
préblems of anemia, pelvic inflammatory disease, and effects of IUD on lacta-
tion should be studied.

The influenée of progestational injectables on nutritional status is
unknown. Some studies have pointed to an enhancement or lack of effect on
milk production (Koetsawang, S., Chiemprasert, T. Kochananda, P., Clinical -
Proceedings of IPPF, Southeast Asia and Oceanic Regional Medical and Scientific
Congress, Sydmey, Australia, August 1972, page 84). A recent study in
Bangladesh, however, suggests that milk production may bé diminished by the

progestational injectables (Parveen, et al., 1977).
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Aside from the direct association of nﬁtriti&n and contraceptive tech-
niques, also of interest is the programmafic aspect éf fertility control
projects. Some feel tha; the incorporatioﬁ of maternal nutrition and family
planning programs with basic health services offers an increased opportunity
for success in each (Chopr;, 1972). Research is needed to assess whether
combining nutrition and family planning programé does actually result in
increased usage and/or effectiveness (Hueneman, 1973), There is still a need
to study delivery systems integrating nutrition, health, and family planning
and the effectiveness of this concept (National Academy of Sciences, 1977).

The issue of whether people will use family planning when infant mortalipy
18 high also deserves attentioq. Research must trace the complex interrela-
tionships implied in the child survival hypothesis, especially in relation to
nutrition and family planning (National Academy of Sciences, 1977). Research
programs should include attempts to assess the indirect eég;;ts of increased

child survival on reproductive potential. These critical issues could be

resolved by a concerted research program within ten to fifteen years (National

N

There is a need to aésess the association between changing roles of women
brought on by or enﬁanced by family planning programs on infant nutrition
(Hosley,'1978).: Due to changes in labor force participation, women may have
less time for child care, although more money may be available for food. It

is necessary to determine whether the increased food purchases do filter down

to the infant.
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Conclusion

[y

One of the research needs stressed by the National Research Council

Committee on World Feed and Nutrition (1977) was "How much of an effect will

improved diet have on the reproductive components in the span of one
generation." This paper has summarized the areas of research necessary
to answer the question. An issue of practical concern is where the pri-
ority in research should be given in order to resolve this issue in the
near future.

A prime 1issue raised by Frisch (1978) is that of whether a slower
rate of growth, resulting in a later onset of menarche,.is related to a
subsequently shorter and iess efficientvrepro&uctive span; and if so,

whether these effects are reversible after growth has been attained.

o Mathematical models can be helpful for arranging thé priorities
for suggested research addressing this issue. Menken's and Bongaarts'(1978)
'.cémputer simulations illustrate that in terms.of ultimate effects on fer-

tility levels, the role of agé at menarache, memopause and the rate of. spon-
thneoqs abortions is minimal. More important effects are those of fecunq-
ability, postpartum amenorrhea, and the incidence of sterility.

Trussel (1978) sugggsts the‘néed Eo assess the relative importance in
.the duration of the birth interval comparing variations in fecun&ability
and posfpartum amenofrhea. The significance of nutrition in determining
the inciden;e of anovulétion, irregular ovulation and frequency of inter-
.course deserves special ;ttention. Basic fesearch on the mechanisms in-
volved should be pursued.

Choéra (1972) states that since so much of the knowledge about the

importance of nutrition in relation to maternity is fragmentary and incom-
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plete, the importance of further research can scarcely be overemphasized.
This {s especially true with regard to the need for decreasing the inci-
dence of stillbirﬁhs and improving maternal and infant nutritional status.
Increa;ing birth weight among populations in developing countfies would
be a primary step to bettering nutritional status and ultimate survival of
infants, Therefore research which attempts to devélop programs to improve
maternal nutrition during pregnancy should receive top priority.

Applied research which focuses on reversing the trend of declining
breastfee&ing throughout the world should be supported. The benefits for
both improved infant nutrition and decreased fertility are obvious. The
assessment of methods for increasing milk.oufput while maintaining and
improving maternal nutritional status should be given primary emphasis.

As these lines of research are carried out, a corollary area which can

be assessed simultaneously is the question of the child survival hypothesis.

The NRS study team emphasized the importance of knowing the efféct of -

increased child survival on reproductive potential (NAS, 1977)

as 1t "would permit sounder choices among nutrition and development strate-

gles by disentangling past and future effects on fertility arising from
- improved nutrition, socioeconomic change, and the delivefy of birth control
téchnology.".

Methods for improving the acceptance of fertility control techniques
based oﬁ physiologic factors such as lactation and nutritional deficiences
need also be of primary concern to researchérs. 4Any means which can be
applied to help women in developing countries who want to limit their fer-

tility to do'so, should be attempted. If a limiting factor is malnutrition,

it is obvious that improving the nutritional status of contracepting women
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represents an action that can be taken at present until more suitable con-~
traceptive techniques are available. |

An understanding of the mechanisms by which malnutrition can result
in diminished reproductive perforaance will aid population planners in
their attempts at reducing fertility. Unwanted increases in fertility
which may result from supplementation programs (of either mothers or infants)
can be considered beforehand and methods for coping with and/or preventing
these possible occurrences sought.

With a primary developmental goal of improving the quality of life,
mechanisms forvreducing infant mortality should be given highest attention.
Hhether or not declines in infant mortality fateslead to increases in the
desire for family planning, the social benefits of efficient reproduction

necessitate the.imérovement in the probability of infant survival. Any

‘means by which changes in reproductive patterns can aid in this goal need

to be supported.
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