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PREFACE

The Cholera Research Laboratory (CRL) .operates undaer a
bilateral project agreement between the government of Bangladesh
and the United States of America., Research activities of CRL
center on the inter-relationships between diarrheal disease,
nutrition, fertility and their environmentzl determinants. CRIL
issues two types of papers: scientific reports and working
papers which demonstrate the type of research activity currently -
in progress at CRL. The views expressed in these papers are
those of authors and do not necessarily represent views of
Cholera Research Laboratory. They should not be guoted without
the permission of the authorsa.

This paper was presented at the Seminar on Natural Ferti-
1lity International Union for the Scientific Study of Poyulation
Paris, 21- 24 Marech 1977.



ABSTRACT

This paper presents an analysis of malnutrition as it
effects those bioclogical mechanisms directly related to ferti-
1ity performance. Only general protein-calorie malnutrition
has been considered. The evidence seems clear that malnutrition
retards menarche and through this mechaniem can indirectly effect
the age of marriage in some societies. Malnutrition may result
'in earlier menopause although data is limited. Acute famine
conditions, with or without frank starvation, leadsg to severely
depressed fertility through both biological and behaviour mecha-
nisms. Jfudies specifically designed to establish the relation-
ship of chronic malnutrition to depressed fecundability or pro-
longed lactational amenorrhea found essentially no relationship.
- Fecundability seems to be primarily a function of coital fre-
quency while lactational amenorrhes is a function of breast-
feeding practices and is mediated through neurohormonal mecha-
nisms related frequency intensity and duration of suckling. Data .
on malnutrition and fetal wastage is conflicting. If there is an
effect it must not be great. Maternal melnutrition is clearly
associated to low birth weight and thue poor infant survival.
This however can result in a rise in fertility in breastfeeding
populations. Overall the data available indicate that the
biological effects of malnutrition cannot account for the major
variations in natural fertility between different non-contra-
ceptive population group, L . S

——



Introduction .

Natural fertility is a concept which has been developed
to include any patterns of childbearing in a population that
exist in the absence of = conscious effort to control the pumber
"of offapring by a cou.p}.s.1 This concept recognizes that there
may be both behavioural and biclogical factors which contribute
tc the patiern of natural fertility. In considering the effects-
of nutrition on fertility, while maloutrition might be consi-
dered as gimply a biological state, in fact variagtions in the
nutritional status of a population may effect fertility through
behavioural as well as biological mechanisms.

A-Model of Human Reproduction

A general conceptual fremework? useful for analyzing the
effects of nutrition on fertility is depicted in Figure 1. This
figure illusitrates the model for reproduction in the female; the
relevant factors affeciing male reproduction will be discussed
where appropriate.

The central line in Figure 1 identifies the succesaive
biological steps required for a woman %o produce gurviving off-
spring. She must reach sexusl maturation and enter inte a sexual
union. Both of these factors are required, and these determine
the duration of effective reproductive 1ife (R)., - With menstrua-
tion, she will presumably be susceptible to pregnancy at monthly
intervals. The duration of the susceptible period, or menstrua-—
ting interval (M) is determined by the number of months until s
recognized conception. The pericd of gestation (&), if success-
ful, terminates in a live birth which can resvlt in surviving
offspring. After'a period of post-partum sierility and/or
lactational amenorrhea (4), the woman re~enters the susceptible..
- pericd and the reproduction cycle is maintained until the sexugl
union is broken or sterility intervenes. The left side of
Figure 1 identifies the health factoras that can affect repro-

ductive performance; the right side identifies the social
factors.

This framework is useful in a discussion of the effects of
nutrition on reproduction since it forces one to specifically
identify where and how in the reproductive cycle various states
of malnutrition actually affect the reproductive process in s
given population. HMHore significantly, by identifying how health
and socisl factors may interfere with the reproductive process



HEALTH FACTORS

Figure 1

SOCIAL FACLURG

| Burvivoersa |

Co nit Stari

e

ig uErlElOﬁ &

b &
Sexual Maturation |

> [Selibacy]
L>Age FBntering sexusl Union]
» [Sexual |Unionj&— ad

i 1

Chronic Disa,blli‘l;y/ 3 Separation/
Death of Spouse @j Divorce
{Acqulred sterility] € » [Voluntary Sterilization|
3 rbusceptlble i & -4
P
Acuts Illnesses/Diseasms E! Voluntary Abstinance/
H_ of Reproductive Organs | \L Contraception

@ _
B © _ .
ot arly P -
.'-3 3‘01 af‘gfg'&;ﬁgzl_)%ath Induced Abortiont
& s
o ¢ 9till Birth
# 2F92 (7.9 Mos.)
?g (Tive Birth |
@ i ‘Neonatal Deatn
- j}g*c’ﬁ (<18) p & Infanticide
o
& “Postnaonat Death
> A[1%4 (1211 Mos S |
& Breast Feeding
o=| Child Death Practice
5] (1-4 ¥rs.) s
0 Youth Death P
8 (5-29 ¥ra.) =

{{37' SuUrvivors

{See pvage 4 for caption) ’



Y

CAPTION FOR FIGURE 1 (preceding page)

A model of human reproduction. The relevant biological variables
are: R -~ duration of effective reproductive life; M -« duration

of the menstruating interval; ¢ - duration of gestation:; A -
duration of postpartum and lactationsl amencrrhea; O - proportion
of pregnancies with a given outcome. The health factors affecting
reproduction are shown on the left side, the social/behavicural
factors on the right.

through many of the same biological mechanisms, it highlights some
of the problems that are encountered in population-based studies
which are attempiing to determine whether variations in fertility
levels are actually due to biological factors affecting the re-
productive process or concomitant behavioura% changes in popu-
lations with various states of mslnutrition.

Scope of this report

This paper will not present a comprehensive review of all
work related to nutrition and fertility; rather, it will outline
the areas where these are important relationships and then high-
light the information and issues developed at the Conference on
Nutrition and Human Reproduction organized by the Center for
Population Research, National Institutes of Health in Bethesdea,
Maryland February 13-17 1977. The discussions will be augmented
by data currently being developed by the Cholers Research :
Laboratory which is conducting a longitudinal population studies
on the interrelationships of nutrition and fertility in rural
Bangladesh. .

Menarche gnd Menopaqgg

Menarche and menopause demarcate the limits of potential re-
rroductive life span in the femsle. Dr. Gray elsewhere in this
. Beminar presents g comprehensive review of many of the b;$logical
factors related to the timing of menarche and menopause,- ! The
relationship of nutritional status to menarche has been posatu-
lated on the basis of three general types of observations. First
there is the documented secular decline in the age of menarche in
many western countries. Tanner, for exgnple, has reviewed the
literature on changing age at mensrche in & number of European
countries and noted that over the past century there has been a

correlation of the decline in the age of onset of menarche with
an increase in height and weight by age.?
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The second line of evidence comes from observationa on
variations in menarche assccisted with socio-economic status,
For example, higher ages of menarche are reported in impoverished
nations where nutritional status has remained inadequate. In
rural Bangladesh, Chowdhury et gl reported the median age of
mengrche at 15.8 for Muslims and 16.0 for Hindue.4 These data
may ve compared with the present age of menarche in the U.S5. which
is estimated at between 12 to 13 years.” Since socio~economie
conditions are more closely related to nutritional status in
developing countries, socio-~economic or urban-rural differentials
in menarche may also be observed. Burrell et al reported the
average age of menarche for South African Santus of 15.02 years
for those classified as not poor and 15.42 for those classified
as poor.6 Madhaven estimated the mean age of menarche in Madras,
Indig, at 12.76 years for urban areas and 14.16 years for rural
areas, and similarly, in Kerala, the differentials were 13.24 for
urban areas and 14.42 for rural areas.’

The third line of evidence relating nutritional status to
menarche come from studies which have scught direct correlations.
A study in Uttar FPradesh, India, reported that girls of better
nutritional status who received diets higher in calories and
proteins showed earlier menarche.8 Similarly, a study of Slovian
girls found that those with diets rich in protein reached menarche
at 12.65 years compared to 14.1 years for those with diets compogad
mostly of carbohydrates.9 Hillman reported a high correlavion
between present nutritional stabtus and age of menarche for U.S.
women aged 18 10 25 years.'0 . In o ten year prospective gstudy of
sexual development in American girls aged 8 to 10, Zacharias et al
related onset of menarche to body build.> They reported a signi-
ficant, positive correlation between the ponderal index, (& func-
tion of height and weight) end age of menarche., Late menarche was
assocliated with thinness and early menarche with heaviness.
Ureizen et al also observed in a U.3. study that well nourished
girls had an average age of menarche of 12.43 compared to 14.45
amnong poorly nourished girls,?!

Chowdhury et al has recently completed a study in Bangladesh
which clearly illustrates the relationships between weight for age
and the onset of menarche among girls in rural Bangladesh.4 These
‘data, presented in Table 1, indicate that within any age-group the
proportion of girls having attained menarche is strongly influenced
by body weight.
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Teble 1

Fercentage of Rural Bangledeshi Females Who Have Had Menarche
By Age and Body Weight.2

Weight (Kz.)

Age Under 30 30-3%  35-39  40%

N N
10-13 0.0 . 4.3 27.3
(457 {23} {11)
14"’15 209 1609 51 -7 96&0
(105) (59) {60) (25}
16-17 13.5 45.5 86.6 97.6
(18) (44) (82) (83)
\Wm_.d .
18-20 40,0 160.0 100.0

(20) (46) .  (122)

a/Data are frdm a éross-seciion-survey in Matlab Thana, Comills
District, obtained in March 1976. Source: Derived from
Table 2 of Chowdhury, et al. -

b/Numbers in parenthesis are nugber of women.

Frisch has undertaken the most exbtensive gnalyses of nutri-
tion and menarche, and has developed the hypothesis that menarche
is closely related to the attainment of a critical body weight,
which representg a critical faiw-lean ratio or fat-body weight
percentage.12:,13 The biological mechanism suggested is that the
critical welght represents a particular metabolic rate which
would be signalled to the hypothalamus. This glters the
hypothalamic sensitivity to the gonadotrepins and results in
increased §onadctropin production and the initiation of
menarche. !

Because of a less precise indicator of sezual maturation,
there is little information on the effects of undernutrition in
the male. Indirect evidence suggests that undernutrition pro~
bably delays sexual maturatiocn in boys ag 1t does in the
female.15
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With reference to the age cf menopsuse, as Gray noteas else~
where in this Seminsr, data are meager and subject to methodo-
logical limitations.9! The lines of. evidence relating nutri-
tional status to menopause are similar to those relating nutri-
tional status to menarche. For example, Wolanski reported a
secular rise }g the age of menarche smong Polish women in the
last century.- Wyon et al reporited & median age of 44 years
among women in the Punjab in Indie, in 1966.17 This poorer
population could he contrasted with the median age of menopause
among American women of 492.8 years.1

The only study available directly relating nutritional
status to menopause was reported from New Guinea where the data
indicated that among malnourished women the median age of
menopause was 43.6 years while among better nourished women it
was 47.3 years.19Y

Malnutrition and the age of marriase

If menarche is a signal for marriage in e society, then it
is reasonable 1o relate malnutrition to the age of marriage.
Recent studies in rural Bangladesh reveal that this is the case.
Table 2, from the report by Chowdhury et al, indicates that the
proportion of young women married within any age group is strongly
related to the attainment of menarche.4 This relationship bétween
malnutrition and marriage takes on added significdance in the.
Bangladesh situation when it is noteéd that the 1976 survey suggests
that the cohort of girls born in 1961 or later will attain
menarche at least one year older than earlier cchorts apparently
due to recurrent famine conditions between 197! and 1975.

Table 2

Psrcentage of Rural Bangladeshi Females Who
Are Married By Age And Menstrual Status®

. Premengrche FPostmenarch
Age Number % Married Number % M;Er;g_

1013 486 0.2 5

27.4
1415 181 3,3 68
16-17 52 } 175 ' 44.6
18-20 8 5.0 180 66.1

a/Data from Chowdhury, et al.4



Stgrvation apd Famine

. . Btarvation and famine are excepticnal conditions which

should be considered geparately from chicgil siales of waloutri-
tion that are more widespread in humagn populations. Starvation
causes drastic alterations in reproductive function. In the
claasical experiments by Keys, et al, starved males demonstrated
successively the loss of libido, decreased spperm number, loss of
sperm motility and eventually the cessation of sperm production.20
Similarly smong females under conditions of starvation, logs of
1ibido and amenorrhes, are the distinguishing features.21,22

Famine is a much more complex gituation.2? While the hellimark
of famine is an overall lack of food in the population, the conse—
quences on the patterns of fertility reflect the complex inter-
action of both biclogical and social disruptioms in the populstion.
Two well documented famines in recent years highlight these complex
interactions.

Stein Snd Susser document in eome detail the Duich famine of
1944/45.24 This famine occurred acutely in an otherwise well-
nourished population because of war-tiwe conditions. There was
severe food shortage from November 1944 o April 1945. There was
no detectable effect of the birth-rate during the nutriticnal
crigis, however, after a nine month lag there was a sharp dacline
in fertility by 50% indicating a severe depressicn in the nimber

of conceptions. The famine wygs relieved quite quickly by. the
liverating armies and this was associasted (after a nine month lagl,
with a remarkable spurt in the birth rate %o almost double the pre-
fanine levels.

In discussing. the effectg of famine on fertility Stein and
Busser suggest that one major effect w%s clearly loss of libidoe in
the male and gmenosrrhes in the women.2? There wag no olear evi-
dence of g rise in fetal wastage. ‘

uess well explained were distinctive differences in the

impact of the famine on fertility between soclal classea as well as
by age and parity. The higher social classes had less of a depress—
iorn of fertility than the lower classes. The guthors speculate

that this might have been bhecause the higher classes, with their
respurces, money, and influence, could have obtained more food.
Pertility was elso less depressed in younger women and/or primi-
parae, While this may relate 1o older women beéing more severely
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affected by malnutrition, it is also suggested that this may
relate to differential changes in mating behaviour smong older,
higher parity women in response to famine conditions.

The Bangladesh famine of 1974/75 also had profound effects
on fertility. DBecause of extensive severe flcoding throughout
Bangladesh destroying a substantisl fraction of the rice crop,
the price of rice began to rise in the second quarter of 1974
and peaked at over 200% of earlier levels by the first quarter of
1975. The vital registration project of the Cholera Research
Laboratory documented in Matleb Thana a 50% rise in the crude
death rate with deaths concentrated largely in infants and children.
Much more striking was the decline in fertility. The crude birth
rate which had ranged from 41.8 to 47.8 per 100C over the period 1966
to 1973 declined to 27.6 between April 1975 and March 1976.

26

A detailed analysis of the avallable data by Chowdhuly and
Chen suggests that there were multiple factors contributing to the
fertility decline, although pggclse quantitation of the relative .
effects is not yei svailable. The major factor appeared to he a
reduction in the conception rate, due in part, no doubt, to the
fear and anxiety associated with the crisis conditions. Fhysio-
logical loss of 1ibidc and amenorrhea could have contributed though
this. is not documented. A significant contributing factor was the
temporary out migration of husbands searching for work; marriages
were also posponed because of the economic conditions.

There was a significant increase in induced agbortions, how-
gver, there was nc clear evidence of a rise in spontaneous fztal
wastage. A crosg-sectional sample survey of the study poepulation
near the height of the famine suggested that the duration of lacta-
tional amenorrhea was somewhat prolonged in late 1975 from levels
found in earlier studies in 1208/69 {around 21 to 22 months as
compared to about 18 months).

Because of these social and biological interactions under
famine conditions, it is difficult to know if the situation actually.
fits the definition of "natural” fertility. There are clearly
voluntary efforts te limit fertility, howsver, this is because of
the crisis conditions and does not relate to "the number of children
already born" or the number "which the couple does not want to
exceed”,
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Mglnutrition and 3irth Intervals

The effect of ohronic malnutrition on birth interval dyna-—
mics is of considersble interest, not only theoretically, but
2180 because it has policy significance for developing countries
where health conditions sre improving.? The two segments of the-
birth interval that have the largest effect on overall reproductive
performance are the duration of lactational amenorrhea ané the
duration of the menstruating interval.

a. Lactation penorrhe

Thysiologists and clinicians are beginning to study inten-
sively the biological mechanisms relating to milk production and
fertility suppression during lactation. It is now well-established
that lactation and posi-partum amenorrhea rely heavily upon the
effectiveness of the nursing stimulus, which in turn causes secre-
tion of the pituitary hormone prolactin.29 This hormonal reflex
system has even been demonstrated in normally mens ruating women
whe induce lactation sinply by nipple stimulation. O The effects
of prolactin on fertility are poorly understood, but evidence
suggeste that is modulates hypothalamic and ovarian function, 21
including suppreggion of luteinizing hormone releasing hormone from
the hypothalamus”< and inhibition of ovarian stercid production.
Further, prolactin may_sctually block fellicle stimulating hormone
activity at the ovary. '

There are wide variations in the duration of lactational
amenorrhea among various populdtlors which can be strongly correla-
ted either within populations or between populations to the dura-
tion of breast-feeding.39,36 Frisch and others have suggested
that malnutrition may also be a major determinant of the prolonged
states of lactational amenorrhea frequently cbserved among pcorlg
nourished populations, particularly in developing countries. st

_ It should be stressed that research in this area 1s complex
because of the multiple interacting factors relating maternal and
" child nutrition to breast feeding practices and thus to amenorrhea.
For example, well~nourished mothers in the wpper economic classes
may tend to suppliement their child earlier, thus reducing the fre-
gquency of vreast-feeding.29 Hutritional supplementation programs
for mothers and children can also reduce breast-feeding practice.
On the other side of the picture, there is evidence that the volume
of breast milk produced is related to the level of maternal nutri-
tion;40 thus, it may be that poorly~nourished mothers who produce
less breast milk exgerience more prolonged and intense suckling by
the hungry infant.> Becguse of these interactions, it is essen-
tial that studies seeking to relate nutritional status to lacta-
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tional amenorrhea control carefully for the frequency, duration
and intensity of breast feeding.

Three studies reported at the NIH Confeveuce cu Nuiritican
and Human Reproduction bear directly on this question. Carsel ‘
contrasted the durati?n of lactational awenorrhea in three central
African communities.®' Two tropical forest communities with diets
relatively balanced in proteins, carbohydrates and fats practiced
breast Teeding for an aversge of 16.9 and 18.7 months and reported
lactational amenorrhea of 10.7 and 10.4 months regpectively. The
third community, in the highlands, with s high carbohydrate diet
deficient in proteins, had a mean duration of nursing of 22 months
and a post-partum amenorrhea of 18.7 monthe. Carael reported that
for women with approximately equivalent durations of breast feeding
the highland community had a more prolonged duration of amenorrhea.
There were subgtantial differences in breast feeding patterns and
types of infant supplementations between the three communities,
however, making it impossible to draw definitive conclusions.

Delgade et al. examined the relationships of maternal nutri-
tional status to duration of lactational amenorrhea among. a group
of women in rural Guatemala who were participants in a longitudi-
nal nutritional study.4? They were able %o demonstrate a slight
negative correlation (r = ~0.14) between mother's weight and
length of post-partum amenorriiea although the result was nob
significant for 160 cases. There was zlso evidence of g small
reduction in the length of post-partum amenorrhea among mothers
who took the largest nutritional supplementation during pregnancy.
This result, however, is difficult to interpret since mothers were
self-selected in use of the nutritionsl supplementation and there
is no data on maternal or infant supplementation during the period
of lactation. ‘ '

Chowdhury presented the preliminary results of an intensive =
longitudinal study of 2,000 women in rural Bangladesh who had
been followed for one year in 19?5/76.43 5C2 women who terminated
lactational amenorrhea were classfied into three nutritional cate-
gories by body weight in the month of termination: less than
8.5 kg; 38.5 to 42.4 kg; and greater than 42.4 kg. The mean
months of post-partum smenorrhea for each group were 17.9, 17.5,
and 16.8 respectively. This suggests thai post-pertum amenorrhea
may have been prolonged by only about 6% among women who are
poorly nourished as compared to those who are well nourished.

A similar longitudinal study is currently in progresa by
Hull in Indonesia.44 Although detailed results are not yet
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available, she has reported variations in lactational smenorrhes
between social classes with much shorter duration among the

- bettver nourished upper classes. However, most of this variation
appears to be attributed to differences in breast feeding
practices.

While the results suggest that malnutrition may be a variable
in prolonging the duration of lactational aumenorrhea, it seems
clear from the data currently available that it could not account
for the major variations in fertility reported between different
socleties or between different social and ecconomic groups. These
variations seem to be primarily related to differences in breast
feeding practices.

b. Fecundability .

The effects of famine conditions and gross starvatiocn on
reproductive potential and performence are profound as noted .
eariier. The more fundamental question is what is the effect of
chronic states of moderate protein-calorie malnutrition on fecun-
dity. .. )

Frisch has suggested that the effects of chronic malnutri-
tion on fecundity is one of the important factors accounting for
poor reproductive performance in many historical ?opulationé a8
well as in poorer greas of the developing world.> CoL

There is some clinical evidence that malnutrition in women
is associated with irregular Egnatrual cycles and a higher fre-
quency of anovulatory cycles.®? Until recent years however no
population based data Has been available selectively examining
the effects of malnutrition on fecundity. Recently population
studies in Bangladesh and in Indonesia have been designed to speci-
- fically examine this question. Preliminary results are currently
available from Bangladesh.

In a two year prospeciive ggudy of 200 women in rursl
Bangladesh in 1968-69 Chen et gl estimated that the average
fecundability was 0.10. This is considerably lower than estimates
_reported from Western populations4® and implies an average waiting
time to conception of about ten months. In attempting to dise-
aggregate the factors sccounting for this low fecundability, two
factors were found to be important. First, husbands were absent
for temporary or ssasonal work. Correcting for this factor Chen
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et al found the average fecundability to be 0.13. GSecond, there
was a striking seasonal variation in fecundgbility. During the
peak months of conception, in the cool season, fecundability was
"0.18 to 0.24 while during the monsoon season fecundablility was

0.04 to O.11. _ :

1f this striking seasonal variation in conception rates isms -
primarily due to variations in coital freqguency related to climatic
conditions, then the high rates, which are comgarable to rates well
nourished populations such as the Hullerites,4 suggest that
chronic malnutrition does not impair fecundability. It is possible
that seasonal varigtions in nutritional status are a factor in the
fluctugtion in fecundability. Menken, however, has examined the
regularity . of menstruation in thig population gnd found no
systematic monthly fluctuations.4

Chowdhury has conducted & preliminary enalysis of the waiting
time to conception by nutritionsl status in the 1975-76 prospective
study in Bangladesh cited earlier.4? The 419 women who conceived
during the one year study period were weighed in the month of con-
ception, end grouped in the same three weight categories noted
above. The average months from first post-partum menstrustion to .
conception were 10.0, 10.7 and 11.3 for women in the highest,
middle, and lowest weight groups respectively. This apparent small
effect of malnutrition on fecundability did not prove significant
in a multiple regression analysis controlling height, age, parity,
and husband's age. : ,

These findings in rural Bargladesh are consistent with the
results from rural Guatemsla reported by Bongaarts and Delgado
in this Seminar, which also showed that the live birth conception
walt interval was not related to the mothers nutritional status.5B
While the data are inadequate 10 say definitively that chronic mal-
nutrition dees not effect fecundability, it does begin to appear
. that direct biological factors related to nutrition mey play only
a very minor role in the fertility of a population. Much more
‘important may be the behavioural responses of the populabion which
can be conditioned by chronic food shortage.

Nutrition and Fregnancy OQjcoﬁe

Pregnancy mekKes major nutritional demands upon the mother;
thus it might be expected that malnutrition could have mgjor
effects on fetal survival. In fact, there is little evidence
for a significant effect. This may be dus %o methodological
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probleéems, particularly in detoctlnb early fetal wastage. Where
comparable data is gvailable on early fetal wastage, the ratea

in well nourished populations actuslly appear higher than in
poorly nourisned pOEulathﬂS 129 and 227 per thousand preg-
nancies in New York49 and Hawaii®® respectively may be contrasted
with 107 and 134 for the Punjab and Bangladesh.’®

Sven under conditions of acute starvation, the data on fetal
wastage are not clear. AnatovSe reports a doubling of the fetal
wastage in the 1942 siege of Leningrad, while Stein and Busser
could not find clear evidence that an increase in fetal wastage
accounted for the fall in fertility in the 1944-45 Dutch famine.29
Also, no increase in fetal deaths were observed in the 1974-75
Bangladesh famine.<7

Baternal malnutrition can be directly related to poor Ffetal
development and low birth weight.”? BSince low birth weight is
associgted with poor infant survival,?4 it is possible to envieion
a mechanism whereby malnutrition resul’%s in a rise in natursal
fertility rates. In fact, this sequence of accelerated child-
bearing has been observed in Ban§ladesh, and is a factor in the
. high rate of maternal mortality.

Nutrition, Infant Survival gnd Fertility

If one considered net reproductive performance it wou]d be
ciear that the most profound effect -of mgénutrltlon in g popur
lation is on the survival of the infant. Infant mortality can
affect fergll;ty through either a biological or a behavioursl
mechanism.oC The biological effect relates to the fact that
women with early infant death will naturally resume ovulat%on
egriier than with women with surviving breastfed children.< 1t
should be noted that this biologicasl effect due directly to infant
~malnutrition is not likely tc be great except in populations with
very prolonged lactational amenorrhea. This is because malnuiri-
tion would ordinarily not appear in a fully breastfeeding infant

before the age of 6 monthsGBnleas there were intervening diseases
such as diarrheal illness.

The behavioural effect relates to what is termed the "child
“survival hypothssis".03 fThis posits that couples in populations
experiencing high infant mortality will seek to have additional

children either to replace those that are lost, ar as insurance

against perceived potential losses.bl
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Both the benavioural and the biclogical mechanisms would
link high levels of infant mortality seen in melnourished popu-
lations to higher levels of fertility, although only the bio-
logical mechanism could qualify under the definition of natural
fertility.

Discugsion

This report has focused on an analysis of malnutrition as it
is likely to affect those biological mechanisms that are directly
related to fertility performance, that is the reproductive life-
gpan, post-partum amenorrhea, fecundability and pregnancy outcome.
Further, only general protein calorie malnutrition has been consi-
dered rather than the possible effects of isolated nutritional
deficiencies, primarily because the focus has been on fertility
effects which are likely to have significant demographic impact.

The relationship of nutrition to fertility levels in human
populations has been a subject of considerable discussion. Gene-—
rally the frame of reference for the level of natural fertility
that approaches the biological limits has been the Hutterite
women who average about ten live hirths over a reproductive live
beginning at age 20. Eessentially every other non-~contracepting
population, both historically and in modern times, has had lower
fertility levels. Since these populations are generally poorly
nourished in comparison to the Huiterites it has often been postu~
lated that their depressed fert;lit¥ is directly related to the
biological effects of malnutrition.'4 The analysis in this report
indicates that when one searches for direct causal relationships
between nutritional status and fertility this hypothesis ia not
well supported. .

It is quite clear that gross starvation results in the cessa-
tion of all reproductive functions in both the male and the female.
- Famine conditione even when not associated with frank starvation
can also lead to severely depressed fertility through both bio-
logical (including psychological) and behavioural mechanisms.
Regarding the more common chronic low grade malnutrition, the
only clear effects on reproductive performance relates to tae re-
productive life spans; menarche can be delayed and it is probable
-that there is an earlier onset of menopause. Uince these effects
are at the extremes of reproductive life, where behavioural changes
relating to age of nmarriasge and conscious desires %o terminzte of
child bearing are the strongest in most societies, it is unlikely
that this has a great effect on overall reproductive performance.
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#ithin the fecundable years there is no conclusive evidence
that chronic malnutrition per seg has a major effect on fertility
.at the population level. The two components of the reproductive
cycle of greatest interest, that is lactational amenorrhea and
fecundity are apparently far more influenced by social and he-
havioural factors. The first relates to breastfeeding praciices
and the second to patterns of cohabitation. A4s physiologisits are
beginning to dissect the precise nsuro-hormonal coatrol mecha-
nisms related to lactation and its exquisite sensitivity to nipple
stimulation by suckling it appears that most of the variability in
amenorrhes will relate to patterns of brezstfeeding.

Since fecundability is so clogely relsted to coital fre-
guency, if obviously would be strongly influenced by life style.
Une could visualize chronic malnutrition causing some reduction
in coital frequency due to fatigue in a hardworking rural sgra-
rian population.

In summary, the data svailable would suggest that the bio-
logical effects of nutrition probably cannot account for the
major variations in fertility between different non~contracepting
population groups. Most of the evidence relating nutrition to
fertility is very limited except under extreme conditions of mal-
nutrition. Now that the physiological mechanisms relating to
fecundity and to lactational amencrrhea are better defined, more
research should begin to provide answers to this important guestion
which ‘has policy significance 1o -developing countries world#ide.
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