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PREFACE

This book is the product of the Conference on Nutrition and
Human Reproduction, supported and organized by the National Insti-
tutes of Child Health and Human Development, and held at the
National Institutes of Health, Bethesda, Maryland, in February
1977. The genesis of this Conference came from the work of the
Subcommittee on Nutrition and Fertility of the Committee on
International Nutrition Programs of the National Research Council.

The purpose of the Conference was to assemble scientists and
program planners from a broad range of fields including nutritionm,
epidemiology, demography, endocrinology, sociology, economics,
anthropology, biostatistics and public health. Each individual
brought his or her analytical skills and perspective to the meeting,
with the goal of developing a more coherent picture of the many
facets of nutrition and reproduction. The approach was to get a
more comprehensive view by:

1. Clarifying terminology and definitioms.

2. Reviewing recent and current work on the biological
basis for nutrition-fertility interactions.

3. Reviewing biomedical and socioeconomic factors related
to breast-feeding to assess how this practice relates to
maternal and infant nutrition and fertility.

4. Assessing some current analytical models for defining
nutrition-fertility interrelationships.

5. Reviewing recent field studies from Africa, Asia and
Latin America which are examining the interrelationships
of nutrition and reproduction.

The papers in this volume were specially prepared for the
Conference by the authors. The range of topics represents the
effort by the Subcommittee on Nutrition and Fertility to bring
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vi PREFACE

together scientists from a variety of disciplines who are actively
working on questions relating to how nutrition affects reproduction
in human populations. Such topics as the nutritional requirements
of pregnancy and lactation, or the effect of high fertility on
nutritional status were selectively excluded since these topics are
covered elsewhere. Special effort was made to include reports from
ongoing field investigations. Since this is a relatively new

topic of research, some of the reports give only preliminary
results, but they provide important documentation of field research
methodologies.

Special acknowledgement for the success of this Conference
must go to several persons. The work of the Subcommittee on
Nutrition and Fertility would not have begun without the initiative
of Dr. Nevin Scrimshaw, Chairman of the parent Committee on Inter-
national Nutrition Programs, NRC. Dr. Philip Corfman, Director of
the Center for Population Research, National Institute for Child
Health and Human Development, took an active role with the Sub-
comnittee in organizing the Conference. The Subcommittee is
indebted to Mrs. Joan MacDonald, Administrator in the Center for
Population Research, for her outstanding work in managing and
organizing the travel and other arrangements for the Conference.

I am especially indebted to Mrs. Marta Pramschufer for almost
all the secretarial work leading up to the production of this
volume, ranging from the management of correspondence, files, and
communications to the ultimate preparation of the typescript in
this book. Her reliability and the quality of her work has made
my own task much easier.

W. Henry Mosley
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INTRODUCTION

ISSUES, DEFINITIONS, AND AN ANALYTIC FRAMEWORK

W. Henry Mosley
The Johns Hopkins University

Baltimore, Maryland

INTRODUCTION

Rapid population growth and limited world food supplies are
universally recognized as two of the major global problems confront-
ing mankind in this generation. The interdependence of population
growth and food has been recognized since Malthus; however, the
focus of interest has largely centered on nutrition and mortality.
Only recently has it been recognized that nutrition can play a
major role as a determinant of birth rates as well,

Many questions relating to the interactions of nutrition and
fertility have major programmatic and policy implications, particu-
larly for developing countries. For example, it is not clear what
effects improvement in nutrition will have on reproductive perform-
ance in chronically malnourished populations. Currently, birth
spacing typically extends beyond three years in many developing
countries particularly where breast-feeding is universal and pro-
longed. How much of this suppression of fertility is due to mal-
nutrition, and what change in birth rates might be anticipated with
nutrition programs are important questions that often spark heated
debates.

Another issue relates to the interactions of fertility control
programs with nutrition. Two dimensions are important here, one
relates to how the modern contraceptive technologies may affect
the marginal nutritional status of women in poorer countries. A
second and increasingly important question is what will be the
impact on nutrition (particularly infant nutrition) of the changing
social roles for women that are facilitated by fertility control
programs.

1

W. H. Mosley (ed.), Nutrition and Human Reproduction
© Plenum Press, New York 1978



2 W. H. MOSLEY

Policy makers and program planners also need to know what the
potentials are for reinforcing the naturally beneficial inter-
actions between nutrition and fertility control. Our interest here
is the important role of breast-feeding, both in infant nutrition
and in birth spacing. The physiological mechanisms of both lacta-
tion and lactational amenorrhea are poorly understood, particularly
as they relate to maternal nutritional status. The possibility of
promoting both infant nutrition and birth spacing through the
program of improving maternal nutrition and encouraging breast-
feeding, possibly coupled with an oral hormone designed to help
maintain lactation and amenorrhea, is an avenue that has been almost
totally ignored by contraceptive research efforts in the developed
world; yet, such an approach could be appropriate for a large
majority of reproducing women in the world today.

There is little information on many of these complex questioms,
in part because disciplinary barriers result in limited communica-
tion between the biomedical scientists who concentrate on nutrition
research and the social scientists who are studying human reproduc-
tion. 1In 1964 an interdisciplinary meeting somewhat similar to
this Conference was held, bringing together demographers and social
scientists with biologists, physicians, statisticians and public
health workers to discuss research issues in public health and
population change (1). It was noted at that time that one of the
formidable barriers to communication among scholars from different
fields is semantics. Put simply, "One man's precision is another
man's jargon." The appeal of that symposium for an international
interdisciplinary body to work towards removing the terminological
confusion was at least heard, and the International Union for the
Scientific Study of Population has undertaken the task of attempt-
ing to standardize demographic terminology relating to the field
of human reproduction (2). Unfortunately, the results of their
effort have not yet permeated into the teaching and research lit-
erature of the various disciplinary fields concerned with the study
of human reproduction, so that interdisciplinary communication
remains difficult.

Another problem is the lack of general and universally accept-
ed conceptual models which encompass all of the specific concerns
that various disciplines seek to address as they examine the
problems of human reproduction from their own perspectives. In the
absence of a concensus on an analytical framework, it is often
difficult for one disciplinary group to fully appreciate the
relevance and significance of contributions that are made by
scientists in another field.

This paper will seek to clarify some of the major areas of
confusion in terminology. Further, since there have been efforts
at developing general conceptual models in the demographic field
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that encompass both the biological and social determinants of
fertility, this will be briefly described to provide a general
frame of reference for the reports that follow.

TERMINOLOGY

Workers in fields relating to human reproduction from all dis-
ciplines are urged to refer to the IUSSP publications as a point of
reference for standard usage of demographic terminology (2).
Efforts have been made to see that most of the terminology in this
book is consistent with demographic usage as given by the IUSSP
definitions; however, in some of the review articles referring to
older work, there will be a lack of consistency. Unfortunately,
at times it may be impossible to determine what writers in the past
meant to say. As an example, the term completed family size in the
demographic literature typically refers to the total number of live
births a woman has had throughout her reproductive years, irrespec-
tive of whether they are surviving or dead at the time the informa-
tion is obtained. 1In some references in the older literature, one
may find such expressions as "poorly nourished women have smaller
families than well nourished women." Without further clarification,
such a statement may be impossible to interpret, since the writer
may be referring to fewer surviving children rather than fewer live
births.

The word fertility requires special mention. Fertility is
used consistently in the demographic literature to refer to the
production of live births. Thus, to the demographer, an infertile
woman is a woman who has never had a live birth, irrespective of
the number of pregnancies she may have had resulting in fetal wast-
ages or stillbirths. A fertility rate relates only to the number
of live births per woman (or per 1000 women).

In the biomedical literature, the term fertility generally
relates to the physiological capacity of a person (or animal) to
reproduce. Thus, an infertile woman is one who cannot conceive.

The demographers use the term fecundity to refer to the physiological
capacity or potential of a person to produce live born children. A
woman is said to be fecundable when she is capable of conceiving,
i.e., of reproductive age and neither pregnant nor in a state of
postpartum sterility. Sterility is the antonym to fecundity in the
strict demographic sense.

There is also confusion with the term parity. To the demog-
rapher parity refers to the number of live births that a woman has
had while to the physician parity or para number refers to the
nunber of pregnancies a woman has had which reach the point of via-
bility (generally 28 weeks or more) irrespective of whether the
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outcome is a live birth or a still birth. The reason for this
distinction is that the physician is concerned with the effect of
a succession of pregnancies on the woman's physiological status
while the demographer is concerned with the effect of a series of
live births on population change.

NATURAL FERTILITY

Natural fertility is a fundamental demographic concept intro-
duced by Louis Henry (3) which provides the foundation for any
population-based research effort that seeks to relate variation in
nutritional levels to reproductive performance. Natural fertility
is defined as the fertility of persons or populations in which
deliberate control of child bearing is not practiced. It is
important to note that under this definition deliberate birth con-
trol relates only to modification of behaviour that is influenced
by the number of children already born and the number desired.

Although natural fertility is "uncontrolled" fertility, it is
not synonymus with the maximum fertility biologically possible.
This is because natural fertility can be affected by many social
as well as biological factors unrelated to behaviour explicitly
directed at fertility control. Among these are a delay in marriage,
postpartum abstinence or abstinence for religious reasons, temporary
separations for work, divorce, seasonal variations in coital fre-
quency, breast-feeding practices, diseases, and other factors.

Natural fertility will vary widely between different populationms
as well as between social and cultural groups within populations.
Generally, the frame of reference for the level of natural fertility
that approaches the highest biological limits for a population is
the Hutterites (4). This is a religious sect in North America in
which the women average more than ten live births over a reproductive
life beginning at age 20. Essentially every other non-contracepting
population, both historically and in modern times, has had lower
fertility levels (3).

A logical approach to understanding natural fertility has been
an analysis of birth intervals since the cumulative number of live
births a woman can have over her reproductive life is function of
the spacing between births. In the original report by Henry, he
suggested that the major source of variation in fertility levels
between different non-contracepting populations was due to varia-
tions in the length of lactational amenorrhea, presumably related
to variations in breast-feeding practices (3). Several studies
have confirmed this basic observation (5,6,7).

An important question that is being addressed by this Confer-
ence is to what degree is the prolongation of lactation amenorrhea
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and of birth spacing that is typically found in the non-contracept-
ing populations in many developing countries related to the chronic
malnutrition. Infoxmation on this question has obvious policy and
programmatic relevance for health and nutrition programs in the
developing countries.

A GENERAL ANALYTIC FRAMEWORK

Because of the multiplicity of factors that can affect human
reproductive performance, and their complex interactions, it is
useful to have a general conceptual framework to organize these
factors for a more coherent discussion. Davis and Blake provided
an excellent and simple systematic classification by identifying
three basic biological mechanisms through which all social and
biological factors that affect live birth rates must operate (8).
These requirements avre:

1) Exposure to intercourse,
2) Exposure to conception, and
3) Successful gestation.

Within this framework they identified those social and bio-
logical factors regulating the production of a live birth. To
encompass fully the factors affecting the cumulative production of
surviving offspring (net reproduction), this framework can be
expanded to include the duration of the reproductive lifespan and
the survival probability of the births to reproductive age (9).

Figure 1 is a diagramatic representation of this analytic
framework. The central line identifies the successive biological
steps required for a woman to produce surviving offspring. She
must reach sexual maturation and enter into a sexual union. Both
of these factors are required and these determine the duration of
effective reproductive life (R). With menstruation, she will pre-
sumably be susceptible to pregnancy at monthly intervals; the
duration of the susceptible period, or menstruating interval (M),
is determined by the number of months until a recognized conception.
The period of gestation (G), if successful, terminates in a live
birth. This can result in a survivor to the next generation.

With each pregnancy termination there follows a period of postpartum
sterility and/or lactational amenorrhea (A). The woman then re-
enters the susceptible state and the reproductive cycle is maintained
until the sexual union is broken or sterility intervenes. The left
side of the figure identifies the biological or health factors

that can affect reproductive performance; the right side of the
figure identifies the social factors, i.e., those factors that are
subject to behavioral control.
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Figure 1. A Model of Human Reproduction. The relevant biological
variables are: R - duration of effective reproductive life;

M - duration of the menstruating interval; G - duration of gesta-
tion; A - duration of postpartum and lactational amenorrhea;

O - proportion of pregnancies with a given outcome. The health
factors affecting reproduction are shown on the left side, the
social/behavioural factors on the right.
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This framework is useful in a discussion of the effects of
nutrition on reproduction since it permits one to specifically
identify where and how in the reproductive cycle various states of
malnutrition actually affect the reproductive process in a given
population. More significantly, by identifying how health and
social factors actually operate on the reproductive process through
the same basic biological mechanisms, it highlights some of the
problems that are encountered in population-based studies which
attempt to determine whether variations in fertility levels are
actually due to biological factors, such as malnutrition, or
behavioral changes which can also operate through many of the same
mechanisms.
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NUTRITION AND ENDOCRINE FUNCTION

INTRODUCTORY STATEMENT

John Stanbury

Massachusetts Institute of Technology

Cambridge, Massachusetts

This symposium on nutrition and fertility begins appropriately
with an examination of available and recent information on the in-
fluences of the nutritional state on the endocrine system, Nutri-
tional factors may influence endocrine function at many levels,
They may have effects on synthesis and secretion of the hypothal-
amic releasing hormones, on synthesis, storage and release of the
hormones of the pituitary, on the responses of peripheral endocrine
glands such as the thyroid, adrenal cortex and gonads to the
respective tropic hormones, or fimally on the responsiveness of
peripheral cells to effector hormones. Nutritional factors may
also have important indirect effects. For example, infant nutrition
by influencing the vigor of breastfeeding may affect ovulation.

The postpartum period of infertility accompanying lactation is
nature's provision of a respite from pregnancy after delivery. It
has not been clear whether protein or calorie malnutrition of the
nursing mother prolongs this period of infertility, or whether by
improving nutrition one enhances nursing performance and gives more
effective inhibition of gonadotropin secretion. In the first con-
tribution to this section of the symposium Tyson and Perez examine
the neuroendocrine control of lactation and gonadotropin secretion.
They show that the pattern of nursing is important in inhibiting
the secretion of gonadotropin-releasing factor. On the other hand,
if milk is ample in volume and composition, nursing time and dura-
tion may be short, and ovulatory breakthrough may occur earlier
than otherwise. Thus, the frequency and duration of nursing as
well as the volume and composition of the milk control the
resumption of ovulatory activity. Prolactin, stimulated by nursing,
may also interfere with gonadotropin at the level of the ovary,
perhaps by competitive binding, and may also inhibit secretion of

9
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gonadotropin releasing hormone. Tyson and Perez are hopeful that
more knowledge of the neuroendocrinology of the reproductive system
and lactation may lead to new safe and effective non-steroidal
contraception.

Many of the components of the endocrine system are sensitive
to the nutritional state. Dr. Brasel has presented a systematic
analysis of existing information and summarized the lacunae which
need to be filled. Surprisingly, our knowledge of the relation-
ships between nutrition and gonadal function is most deficient.
Curiously, in protein malnutrition, when protein synthesis is
generally reduced, growth hormone, and possibly ACTH and the
gonadotropins, are synthesized and secreted in increased amounts.
The endocrinology of anorexia nervosa cannot be equated with
imposed protein or calorie malnutrition.

The final paper in this section focuses on the interactions
between the oral contraceptives and a variety of micronutrients
as observed in an American urban community. In general, the dif=-
ferences between a privileged and less privileged resulting from
use of oral contraceptives were few, but this may have been related
to the fact that the groups chosen for the study may not have been
very different nutritionally. Possibly the effects of the contra-
ceptive steroids would be more significant when used by subjects
with limiting amounts of the micronutrients. Thus, for example,
the steroids might have important effects when B-6 intake is
marginal or insufficient, but no effect when it is only lower than
optimal.

These three papers provide the endocrine base for further
consideration of the present state of knowledge of the interactions
of nutrition and fertility.



THE MAINTENANCE OF INFECUNDITY IN POSTPARTUM WOMEN

John E. Tyson and A. Perez

The Johns Hopkins University, Baltimore, Maryland

The Catholic University of Chile, Santiago, Chile

INTRODUCTION

The duration of postpartum infertility in nursing women relies
heavily upon the effectiveness of the nursing stimulus (1), which
in turn provokes the secretion of the pituitary hormone prolactin
(PRL). This secretion is induced by a neural reflex arc and a
change in hypothalamic dopamine turnover (2-4). While the influ-
ence of this change is poorly understood, there is evidence to
suggest that the peripheral plasma concentration of PRL modulates
both hypothalamic and ovarian function (5), including the attenua-
tion of cyclic luteinizing hormone releasing hormone secretion
via a positive short loop feedback (6) and a tonic inhibition of
ovarian steroidogenesis (7). Furthermore, PRL may block FSH
activity at the ovary (8,9). The priority of these several mechan-
isms remains elusive. The duration of postpartum infertility
apparently varies both with the type of nursing and the PRL response
to such nursing (10). Thus, lactation has been considered a poor
method of contraception. The following studies extend our observa-
tions on the hormonal mechanisms relating nursing to postpartum
infertility.

MATERIALS AND METHODS

The studies were performed in both Santiago, Chile and
Baltimore, Maryland. Each group engaged women of middle socio-
economic class where nutrition was presumed adequate. All women
were advised of the nature of the studies and the possible hazards.
Informed consent was obtained in each instance. Only healthy

1
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12 J. E. TYSON AND A. PEREZ

nursing and non-nursing mothers who had completed an uncomplicated
gestation followed by vaginal delivery were selected for these
studies. All nursing was on demand except where otherwise noted
in the text. Any augmentation of daily nourishment consisted of
fruit juices and water.

Blood was drawn at periodic intervals throughout the various
studies and was centrifuged immediately at 4°C. Plasma was then
separated and stored at -20°C until assayed for plasma hormones.

PRL was measured by a modification of the radioimmunoassay
method of Hwang et al. (11), using the iodination technique of
Greenwood et al. (12). Plasma LH and FSH were measured by a modi-
fication of the double antibody radioimmunoassay method of Midgely
(13) and the LH standard utilized was LER 907 in addition to the
Second International Reference Preparation for Human Menopausal
Gonadotropin (2nd IRP-HMG). The final antibody dilution for these
antisera was 1:12,000, FSH was iodinated and applied in a similar
manner.

There were four study groups. . In the first group, thirty
Chilean women in full nursing were instructed in the use of the
basal temperature thermometer and asked to record their oral
temperature daily before rising. They were asked to continue
their breastfeeding in the usual manner but were seen at weekly
intervals for 15 weeks in the Obstetric Clinic where their basal
temperature chart was evaluated and blood samples were taken before
and after 30 minutes of nursing. The technique used was reported
previously from this laboratory (10).

A second study was designed to evaluate the periodicity and
duration of each nursing and its impact on PRL and gonadotropin
secretion, Seven full nursing North American women volunteered
for periodic blood sampling throughout an 8-10 hour daytime period
during which time infants nursed ad libitum. The women were housed
in attractive surroundings and served regular meals. Blood was
obtained at 15-20 minute intervals and every 5 minutes during nurs-
ing. A #19 gauge needle was secured in a forearm vein and attached
to a 3-way stopcock. Blood obtained from a side port on the stop-
cock was placed in heparinized tubes. The system was then flushed
with 2 ml of physiologic saline containing 1:100,000 sodium
heparin,

These two studies began between 8 a.m. and 9 a.m., at least
two hours after the last nursing event., Infants were nursed until
satisfied. Four were weighed before and after each feeding.

In the third study, five nursing mothers received an intra-
venous injection of LHRH (100 ug) between the 34th and 87th
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postpartum day. The mean gonadotropin response was compared to
that obtained from a group of four bottle-feeding women.

The fourth study involved a more heterogeneous population
where breastfeeding was reportedly impaired. Their PRL and lacta-
tional response to the ingestion of oral thyroptropin releasing
hormone (TRH) was measured.

RESULTS
Basal Prolactin Levels

In the study of 30 Chilean women, none of the women in full
breastfeeding displayed a biphasic temperature chart and uterine
bleeding was absent. The cumulative mean weekly basal PRL concen-
tration over 15 weeks was 33.0 + 2.1 ng/ml as compared to 21.3 +
3.4 ng/ml for 15 bottle-feeding mothers sampled over the same time
frame (p<.01). When the nursing was reduced or considered insuf-
ficient, supplemental foods were added. These additions were
accompanied by a smaller number of nursing events and a fall in
mean basal PRL to 20 ng/ml. These results substantiated previous
data which found fully breastfeeding women have higher basal PRL
concentrations than those who breastfeed on a more casual schedule
2,3).

Hormonal Response to Periodic Nursing

In the second study, seven women were evaluated between the
32nd-58th postpartum days, a time when the PRL response to nipple
stimulation is greatest (14). Breastfeeding intervals were evalu-
ated. Each feeding varied from 8-38 minutes with a mean of 19 +
2 minutes. The duration of each feeding was unrelated to the time
of day.

Figures 1,2,3 present three profiles of gonadotropin and PRL
secretion obtained during this study. In Figure 1, five feedings
of variable length were associated with PRL increments, three of
which peaked after the period of sucking. PRL levels in Figure 2
reflect accurately the lack of vigorous sucking by this infant
even though its weight following each feeding indicated an intake
of at least 40 ml. This suggests that an infant may extract
adequate nutrition from the breast in some cases in spite of less
intense suckling. The PRL response most typical of the remaining
five women is demonstrated in Figure 3. Increasing increments
in PRL associated with broader areas under the curve were seen
throughout the day. The initial mean basal PRL concentration in
this group was 84.6 + 31.3 ng/ml while the mean of the lowest daily
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Figure 1. Plasma gonadotropin and prolactin profiles in one woman
during demand breastfeeding. The postpartum duration is 32 days.
The shaded areas represent the duration of each nursing event during
which blood samples were obtained at five minute intervals. All
remaining blood samples were drawn at least 15 minutes apart.
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PRL level was 19.1 + 7.6 ng/ml.

Since the number of feedings varied from woman to woman, we
calculated the PRL response to the first and last feeding of the
day. The mean maximal PRL increment during the first feeding was
36.4 + 13.6 ng/ml compared to 179.0 + 37.3 ng/ml for the last
(p < .01). The number and duration of daily feedings failed to
influence the PRL response at the end of the day. Overall, a sub-
stantial mean PRL increment of 89.5 + 19.5 ng/ml was calculated for
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Figure 2. Plasma gonadotropin and prolactin profiles in one woman
during demand breastfeeding. The postpartum duration is 36 days.
The shaded areas represent the duration of each nursing event
during which blood samples were obtained at five minute intervals.
All remaining blood samples were drawn at least 15 minutes apart.
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Figure 3. Plasma gonadotropin and prolactin profiles in one woman
during demand breastfeeding. The postpartum duration is 39 days.
The shaded areas represent the duration of each nursing event dur-
ing which blood samples were obtained at five minute intervals.
All remaining blood samples were drawn at least 15 minutes apart.



INFECUNDITY IN POSTPARTUM WOMEN 17
all feedings of the group.

Plasma IH and FSH failed to display any consistent secretory
pattern. The amplitude of episodic peaks was much lower than
those of normally menstruating women (15). Plasma IH fluctuated
widely with inconsistent variations in amplitude relative to PRL
secretion; specifically, mean basal ILH for the seven women prior
to nursing was 10.8 + 1.3 mlU/ml with a fall in the first 40 min-
utes following nursing to 8.8 + 0.9 mlU/ml.

Gonadotropin Response to LHRH

The results of study 3, examining the gonadotropin responses
to 100 ug LHRH in nursing and non-nursing mothers are shown in
Figure 4. Basal pretest levels of IH and FSH were the same in
both groups. The increment in LH and FSH were largest in nursing
women, The response in nursers suggests adequate stores of gonado-
tropin were present. Thus, it would appear that some alteration
in the cyclic release mechanism is involved, resulting in a pattern
of episodic gonadotropin secretion in these studies that is differ-
ent from those observed in normally menstruating women.

Return of Gonadotropin Secretion

We have studied women who continue to breastfeed beyond 200
postpartum days (1). In these women, the episodic secretion of
gonadotropins appears to be inversely related to the secretion of
PRL and further the periodicity of secretion appears to be incon-
gruent with increased ovarian function. In one case, a healthy
mother who had been breastfeeding her child for 210 postpartum
days began oral contraception in anticipation of weaning. She
voluntarily discontinued the pills 28 days later and withdrawal
bleeding occurred in 48 hours. She continued to breastfeed her
child for 14 additional days when she was studied for PRL secretion.

Figure 5 displays her hormonal profile on postpartum day 271.
Basal gonadotropins were markedly elevated and the amplitude and
frequency of each gonadotropin peak was greater than that observed
previously in this case. In contrast, post-nursing PRL responses
were modest., A second study was performed seven days later (Figure
6). This time nursing had ceased five days earlier. Basal gonado-
tropins were considerably lower while basal PRL had now fallen to
within the range for menstruating women (0-25 ng/ml). Followup
uterine bleeding occurred seven days after the second study. This
was her first spontaneous menstrual period, lasting four days.

Study one was apparently coincidentally performed during the
first postpartum midcycle gonadotropin peak (day 271). These
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results suggest that cyclic gonadotropin secretion leading to men-
strual cycles may occur if nursing frequency is reduced. Further,
cessation of nursing leads to a rapid fall in basal PRL concentra-
tions to normal levels.

TRH Stimulation of PRL Release

TRH stimulates the release of PRL in postpartum women (10,16,
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Figure 4. Mean + SE plasma gonadotropin responses to the intra-
venous injection of 100 ug LH-RH in women beyond 5 weeks postpartum.
The x - - x represents nursing mothers (n=5) and the o o
represents non-nursing women (n=4). The peak LH response is
significantly different between the two groups (p < .02) and like-
wise, the FSH response is significantly different (p < .02).
(Reprinted from J. Clin. Endocrinmol. Metab. 42: 1114, 1976).
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Figure 5. Prolactin and gonadotropin responses to nursing in a
woman at 271 days postpartum. Oral contraception had been used
for one month but was withdrawn 14 days before this study. The
profile of gonadotropin secretion and the concentrations of
gonadotropin suggests that this patient was sampled during her
midcycle gonadotropin peak.
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18). It is not surprising that several investigators have
attempted to augment the human lactational response by administer-
ing oral TRH to nursing mothers (10,16). Table 1 summarizes the
PRL response to oral TRH in 9 postpartum women with poor milk
production. When used postpartum, as little as 20 mg of oral TRH
increased mean basal PRL concentrations 2-3 fold. There was an
immediate increase in milk volume. Milk composition did not change
but full nursing was reestablished. On the other hand, the admin-
istration of TRH to women in full nursing with an adequate PRL
response had no effect (10).

We have previously reported that lactation may be induced in
normally menstruating women who are appropriately prepared with
estrogens and TRH. It is also well known that nipple stimulation
alone will provoke lactation.

hFSH
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Figure 6. Prolactin and gonadotropin concentrations in the same
woman as outlined in Figure 3 when sampled seven days later and
five days after nursing had ceased. Basal PRL concentrations
are in the range of normal as are LH and FSH values.



INFECUNDITY IN POSTPARTUM WOMEN 21

Table 1

Mean basal plasma prolactin concentrations in nine healthy post-
partum women who had a demonstrable impairment of milk supply.
Oral TRH (5 mg twice daily) was administered beginning on day 1
after the first basal blood sample was drawn. Milk yield in each
instance was increased within the first 24 hours and was associ-
ated with an increased frequency and duration of nursing by the
respective infants,

Days
Days 1 2 3 4 5
post- Milk - - - - -
Lactation partum Yield PRL ng/ml
Partial 13 T 43.0 70.5 114.0 26.5 56.5
Partial 16 * 22.8 64,0 62.0 25.5 19.2
Partial 17 t 57.5 81.0 49.0 41.5 28.0
Partial 30 ) 32.5 69.0 33.5 37.8 80.0
Partial 35 ) 7.8 23.5 27.2 18.5 18.5
Partial 38 3 29.5 65.8 113.2 43,0 122.2
Full 41 ' 15.5 48.5 39.0 60.0 22.0
Partial 70 + 11.2 43.5 60.0 56.5 -
Partial 71 4 30.0 23.5 88.0 88.2 92.0
mean 27.8 53.1 73.3 44,1 54.8
+ s.e.m. +5.3 +8.7 +12.4 +7.0 +13.9
p value (<.0005) (£.005) (NS) (NS)

A 35-year-old diabetic who had suffered from previous still-
births and abortions adopted a child approximately two years after
she had undergone tubal ligation. In an attempt to nurse the
adopted newborn, .she placed the child at the breast frequently for
approximately two weeks. Soon after, breast secretion began. She
was followed regularly and was in excellent diabetic control.

While she had experienced regular menstrual periods prior to nipple
stimulation, three cycles which followed the onset of breast milk
production were shorter and lighter.

Figure 7 illustrates the gonadotropin and PRL profile during
a nursing interval. Basal PRL was elevated at 39.2 ng/ml. A
modest PRL response was observed during nursing and at no time did
the PRL concentration fall to within the normal nonpregnant range.
She received 10 mg or oral TRH on two occasions 12 hours apart
beginning at 8:00 p.m. the evening of the first test. On the
second day, the test was repeated. While there was a slight
elevation in the PRL concentration, there was a dramatic increase
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in milk production. The time limitations of the study prevent any
determination of the overall PRL secretory profile during the 12
hour period the patient ingested oral TRH. However, in other
studies we have shown that the basal PRL concentration gradually
rises over three hours when oral TRH is ingested (Figure 8).

DISCUSSION

We have sought to identify factors responsible for the pro-
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e

2 2:30
TIME OF DAY

Figure 7. Plasma gonadotropin and PRL responses during one nurs-
ing event in a woman experiencing induced lactation. Sampling on
day one was performed before the ingestion of TRH. Sampling on
day two was performed after the ingestion of 10 mg oral TRH on
two occasions 12 hours apart prior to the study.
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longation of natural infecundity and through our studies of
nursing-induced prolactin secretion, we have identified the role
of the duration, frequency and intensity of the nursing stimulus

in the release of prolactin. It supports the contention that basal
PRL levels are elevated above the normal range in women who prac-
tice nursing on demand. Furthermore, we have shown a positive
correlation exists between the plasma PRL concentration and endo-
metrial biopsy findings in women who develop uterine bleeding
while breastfeeding (19).

That prolactin may influence ovarian steroidogenic activity
has been reported from this laboratory (19) and by Seppala et al.
(20).
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Figure 8. The plasma prolactin (mean + S.E.) responmse is shown
following either 5 mg TRH (n=6) or placebo (n=6) given at time 0
in a group of nursing women between the 5th-35th postpartum day.
The rise following TRH was significant (p < Q.05).

(Reprinted from J. Clin. Endocrinol. Metab. 43: 762, 1976)
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In this regard, elevated PRL concentrations appear to influence
luteal progesterone production. The condition is totally reversed
with the use of a dopamine agonist, 2-Brom-Q0- ergocryptine (20).

We have also shown that the episodic secretion of gonado-~
tropins in nursing women early in the puerperium appears to be
altered compared to the secretion of gonadotropins observed in non-
nursing menstruating women. However, as the duration of the post-
partum period is extended, the frequency of nursing declines and
a gradual resumption of the episodic tonic gonadotropin secretion
of good amplitude occurs with an eventual restoration of cyclic
gonadotropin secretion. These results appear to imply a relation-
ship between PRL and gonadotropin secretion; however, Lu et al.
(21) have suggested that the neurogenic reflex controlling IH
secretion may be separate from that controlling PRL secretion.
Further work in this area is currently under way.

An evaluation of the fluid intake of the four nursing infants
in our study lends support to the hypothesis that the frequency
and intensity of the nursing stimulus determines the PRL response
and perhaps even the degree to which LH secretion will be impaired.
While the overall weight gain was similar in each infant after
each feeding, the length of the feeding and the PRL response to
sucking differed markedly. Rather than denying the importance of
PRL in the maintenance of lactation, we believe this data supports
the contention that the volume of milk available to the child (which
may represent a function of the PRL secreted at the previous feed-
ing) determines how long and how hard the baby will suck at the
breast. Thus, the nutritional status of the mother, while not
influencing milk composition, may influence milk volume which in
turn determines the sucking time of the infant. The shorter the
suckling time necessary to acquire adequate nutrition, the greater
the chance of ovulatory breakthrough.

Since gonadotropin responses to LHRH in nursing mothers were
exaggerated over those obtained in bottle-feeding mothers, we
believe that PRL may indeed exert an inhibitory effect on the
release of LHRH, as others have stated (6). It further suggests
that the synthesis and storage of gonadotropins remains intact
during nursing but the release of the hormones is impaired.

The degree of impairment of LHRH secretion may be related to
the concentration of PRL in the portal blood. However, it remains
unresolved as to how much LHRH is necessary to release gonado-
tropins (22). A dual effect of PRL must also be considered in
view of the work of Bonnar (9). Basal FSH secretion recovers as
quickly in nursing mothers as it does in non-nursing mothers but
the ovarian response to this appears impaired.

In considering the natural mechanisms of infecundity in post-
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partum women, we now know that oral and intravenous TRH can provoke
the secretion of prolactin on a dose response curve independent of
that seen for TSH (14,23,24). Furthermore, the chronic administra-
tion of oral TRH can improve the volume of milk production in women
suffering from impaired PRL secretion (10). In this study, the
administration of oral TRH improved milk volume but had a transi-
ent effect on the secretion of PRL. However, it appeared to have
an influence on the volume of milk production in a woman who had
initiated lactation by autostimulation of her own breasts. The
level of PRL in the plasma of this woman before and after the
administration of oral TRH was significantly elevated. The limi-
tations of the study did not allow an evaluation of the 24 hour
secretory pattern of PRL before and during oral TRH ingestion,
although the work of others has suggested that PRL values are
chronically elevated (16).

The significance of this work relates to the ultimate identi-
fication of the hypothalamic factors controlling both the secretion
of PRL and LH. Exploitation of these mechanisms when fully defined
will make it possible for physicians to prolong the period of
lactational infertility and in doing so enhance the chances of the
nursing infant's survival by keeping it at the breast. At the
same time, attention must be paid to maternal nutrition since this
appears to be the single most important factor determining the
volume of milk production.

Supported by Grant No. AID/csd-2956 and AID/pha-C-~1146 from the
Agency for International Development, Washington, D. C.
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IMPACT OF MALNUTRITION ON REPRODUCTIVE ENDOCRINOLOGY

Jo Anne Brasel

Columbia University

New York, New York

INTRODUCTION

The material to be covered in this review of the impact of
malnutrition on reproductive endocrinology has been arbitrarily
limited. Only data related to the human will be covered; further-
more, malnutrition is taken to mean undernutrition and not obesity,
even though the latter may be a more serious public health problem
in the United States. Although some information on the effects of
specific nutrient deficiencies will be mentioned, the major focus
will be on the effects of protein-calorie malnutrition on repro-
ductive function. Finally, some data on anorexia nervosa will
also be included, even though there are some important differences
between simple food restriction and anorexia nervosa.

The report will begin with a brief review of epidemiologic
and clinical observations made in the past, usually during war or
other times of undernutrition, which suggest that reproductive
endocrine function has been altered. This will be followed by a
summary of selected information on reproductive and hormonal
changes occurring in the various types of malnutrition. Altera-
tions in those hormones not ordinarily thought to be '"reproductive'
in nature will be briefly reviewed and that data, which is avail-
able on the "reproductive'" hormones, will be covered in more
detail. Intentionally the majority of the biochemical studies
have been taken from recent literature sources since the sophisti-
cation of the newer techniques for hormone measurement provide a
more accurate assessment of changes in production rates, metabolic
clearance, response to stimuli, etc., than the older measures of
urinary excretion as a sole measure of endocrine function.
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EPIDEMIOLOGICAL AND CLINICAL OBSERVATIONS

There are two major accompaniments of famine and malnutrition
which affect the potential reproductive capacity of a population
which may have their origins, either directly or indirectly, in
alterations of endocrine function. First, the growth and develop-
ment of children are severely affected, especially those growing
the most rapidly, i.e., the young infant and the adolescent. In
the latter, pubertal development is delayed; this may be related
to failure to achieve the "critical body mass' necessary to
trigger adolescence, as has been proposed by Frisch and her col-
leagues (1-5). The malnutrition need not be severe in order to
cause some adolescent delay, as seen in Frisch's study of 30
undernourished Alabama girls and 30 well-nourished controls

(Figure 1) (6).

The change in growth rates accompanying war which could
affect the time of reaching the "critical mass" is clearly shown
in Figure 2, which demonstrates weight gain in boys and girls
from 7 to 17 years of age in Stuttgart during the years 1911 to
1953 (7). The detrimental effects of the World Wars on weight
gain are evident and must be due, at least in part, to poor
nutrition.

Others have pointed to a relationship between body size and
the onset of puberty; in 1943 Simmons and Greulich (8) reported
the results of 1339 physical examinations of 200 girls 7 to 17
years of age and noted that those who reached menarche at 10 to 11
years of age were taller, heavier, and heavier for their height,
than girls reaching menarche at 13 years or older. In the paper
by Zacharias and Wurtman (9) nutrition is but one of the factors
mentioned which may affect the age of menarche.

Age of menarche has certainly been decreasing over the past
century in Western Europe and the U.S. (Figure 3). Although many
factors, such as improved public health measures, better general
health and fewer chronic debilitating diseases, improved nutrition
and an overall increase in the physical size of the population,
have probably played some role in this trend, it is difficult to
assign weighted values to their relative importance. Johnston et
al. (10) disagree with Frisch and feel that an invariant weight at
menarche cannot be applied meaningfully to individual girls even
though, in my opinion, the data for large population groups is
impressive.

The second important accompaniment of famine and malnutrition,
which may or may not be endocrine-related, is the fall in birth
rate, coupled with an increased rate of abortion, stillbirth, and
neonatal deaths. Stein et al. (11) have studied the "Dutch Hunger
Winter" of 1944 to 1945 in detail and show a striking parallelism
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Figure 1. Height and weight at menarche versus chronological age
in well nourished and undernourished Alabama girls. The well
nourished girls fall to the left of the graph, while the under-
nourished girls fall to the right, suggesting that the achievement
of a certain body size may be more important in the onset of
menses than the chromologic age. (Reprinted with permission from
Frisch, R. E., Pediatrics 50:445, 1972.)

between caloric ration at conception and total births, although
the birth rate decrease lags slightly behind the fall in rations.
The birth rate fell more in the manual class than in the non-
manual class which supports the hypothesis that the availability
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of food was probably an important factor with other things, such
as changes in contraceptive use, alterations in mating habits,
etc., being of less, if any, importance.

One indication of endocrinologic disturbance in time of famine
is male gynecomastia (12). Other studies have shown that dimin-
ished 1ibido, amenorrhea, impotence, fear of death, etc. (13-17),
which might affect mating frequency and conception rates, accompany
famine and would obviously affect birth rates. It is not clear
which effects are nutritional and/or endocrinological in origin
versus that which are psychological in origin. 1In the remainder
of the paper I will describe changes with malnutrition which may
have some endocrinologic basis and which might affect reproductive
functioning.
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Figure 2. Weights of Stuttgart school children from 1911 to 1953.
The general downward trends occurring during the World Wars is
clearly seen. (Reprinted with permission from Tanner, J. M.,
Growth at Adolescence, 2nd ed., 1962, Blackwell Scientific Pub.,
Oxford.)
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with permission from Tanner, J. M., Growth at Adolescence, 2nd ed.,
1962, Blackwell Scientific Pub., Oxford.)

SPECIFIC NUTRIENT DEFICIENCIES

Iron

Aksoy et al. (18) have reported five patients, ranging in age
from 13 to 25 years, who presented with severe hypochromic, micro-
cytic anemia due to iron deficiency, hepatosplenomegaly or spleno-
megaly, infantilism and hypogonadism. Growth failure, delayed
skeletal maturation and mild biochemical and/or clinical evidence
of cirrhosis of the liver were also seen. In all subjects the
diets were poor in animal protein and fresh vegetables. One
patient had skin lesions compatible with pellagra and in another
a kwashiorkor-like syndrome was observed. Therefore it was con-
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cluded that the syndrome was due at least in part, to poor dietary
intake since the liver disease, especially, had not been previous-
ly reported as an accompaniment to even severe, isolated iron
deficiency. All patients responded to iron therapy from a hema-
tologic point of view although some required splenectomy for
associated hypersplenism,

It is interesting that no details were given regarding diet-
ary treatment or responses in terms of growth rates or sexual
maturation. In the absence of such information one cannot draw
any conclusions regarding the relationship of the severe iron
deficiency to the sexual infantilism, It is a well known clinical
fact that patients whose diets are adequate, but who suffer from
severe congenital anemias, such as thalassemia and sickle cell
disease, in which there is certainly no associated iron deficiency,
also frequently demonstrate developmental delay, poor growth and
late pubertal development. This being the case, it seems more
likely that chronic severe anemia, rather than an iron deficit,
is the likely cause of this disorder in sexual development.

Vitamin B-12

Deficiency of vitamin B-12 in premenopausal women is associ-
ated with involuntary infertility, and conception leading to the
birth of normal infants may occur within a few short months of
appropriate therapy (19-24). The mechanism of the infertility is
unknown, but it is interesting that the infertility may precede
by years overt clinical evidence of pernicious anemia. Semen and
sperm abnormalities have been noted in males with pernicious
anemia (25-27). There is one spectacular case in which B-12
therapy led to return to active participation in sheep shearing by
one 73 year old Australian sheep herder and pregnancy in his 37
year old wife (27). In the instances of iron and B-12 deficiency-
induced abnormalities of reproductive function no endocrinologic
studies have been reported.

Zinc

In 1961 Prasad et al. (28) reported a syndrome of dwarfism,
sexual infantilism, hepatosplenomegaly, iron deficiency anemia and
geophagia. Subsequent reports of patients from both Iran and
Egypt (29-31) confirmed the earlier clinical manifestations and
suggested that zinc deficiency, rather than iron deficiency or
protein-calorie deficiency, was the important pathogenic factor
in the syndrome. Initial endocrinologic evaluation (29) suggested
that some degree of anterior pituitary deficiency was present in
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these patients. Although the condition is much more common in
males, it has also been described in females. Of particular
interest was that in most trials zinc replacement brought about
the most prompt recovery (29,32), even though sexual development
would eventually occur even in untreated cases (33).

In 1971 Coble et al. (34) reported more complete and sophis-
ticated endocrinologic evaluation of a group of 26 boys from the
Nile valley; 8 were considered "normal" by local standards even
though they were small by Iowa standards, and 18 were "retarded"
with the clinical signs and symptoms of '"zinc-deficient hypo-
gonadal dwarfism". Routine biochemical tests could not dis-
tinguish between the two groups though both had some evidence of
hepatic dysfunction felt to be secondary to schistosoma infection.
The degree of iron and zinc deficiency were similar; therefore the
two groups were different only in their degree of growth failure
and sexual development.

Serum TSH and PBI levels were normal, Morning plasma ACTH
and cortisol were normal or slightly elevated and responded
appropriately to metapyrone and ACTH stimulation; earlier studies
(28) had revealed normal urinary cortisol excretion. Therefore
no evidence for abnormalities in the pituitary-thyroid or pituitary-
adrenal axes were found. In contrast, marked hypoglycemia followed
the intravenous administration of insulin in both the '"normal" and
"retarded" groups. Furthermore only 4 of 18 "retarded" boys and
4 of 8 "nmormal" boys demonstrated appropriate elevations of serum
growth hormone during the insulin-induced hypoglycemia.

Tests of gonadal function were similarly frequently abnormal
in both groups. Mean plasma testosterone of these teenaged
"retarded" boys was greater than that of prepubertal boys from
the U.S., but was less than that of the "normal" group who showed
some degree of adolescent development. Approximately 75% of both
groups responded normally to the administration of human chorionic
gonadotropin by doubling plasma testosterone, suggesting that
Leydig cell function was not impaired in most subjects (Figure 4).
The response, however, was not as uniform as that seen in boys
and men from the West, and the failure of six subjects to respond
at all is unexplained. Plasma LH levels were significantly higher
in the "normal" group while FSH levels were similar, though both
were near the limit of detection for the assay procedure (Figure 5).
These authors concluded that in these two groups of Egyptian boys
with zinc deficiency and endocrine dysfunction, the growth failure
and sexual infantilism could not be attributed solely to endocrine
abnormalities. The delayed puberty appears to be related to hypo-
gonadotropism; the poor growth hormone response to hypoglycemia
is unexplained and the relationship of zinc deficiency to any or
all of these abnormalities has not been clarified.
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PROTEIN-CALORIE MALNUTRITION

Investigations of endocrine function have been extensive in
subjects with protein-calorie malnutrition, especially in infants
and children with marasmus and kwashiorkor. In the past two to
three years a few reports of alterations in hormones in malnourished
adults have appeared in which modern laboratory techniques have
been employed. Growth hormone, insulin, adrenal function, thyroid
hormones, and the pituitary-gonadal axis have been studied.
Olson's summary of the changes in various enzymes and hormonal
levels in childhood in terms of an adaptive response to limited
dietary intake is a particularly good review of the overall
picture (35).
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Figure 4. Plasma testosterone in '"normal" (dashed lines) and
"retarded" (solid lines) Egyptian boys before and after human
chorionic gonadotropin administration. See text for details.
(Reprinted with permission from Coble, Y.D. et al., J. Clin.
Endocrinol. Metab. 32:361, 1971.)
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Growth Hormone

There is no disagreement that basal growth hormone levels are
elevated in kwashiorkor (36-43) (Figure 6). In addition, most
observers agree that it is also elevated in marasmus (Figure 7),
but a few exceptions have been reported (44-45) which may relate
to differences in the patient populations and the conditions under
which they have been studied. 1In the face of elevated growth
hormone, somatomedin, the peripheral effector of many of the
growth hormone-dependent anabolic actions, especially on bome, is
reduced (Figure 8) (41,46). As growth hormone levels fall with
treatment, somatomedin rises to normal values. This could certain-
ly be adaptive if one considers that the glucose sparing and fat
mobilizing effects of growth hormone are desirable during times of
famine; however, the anabolic, growth-promoting effects are dis-
advantageous to the body's economy.

The elevated growth hormone is unsuppressible by carbohydrate
infusions, by a high carbohydrate diet over a three day period, or
by the infusion of albumin to bring plasma proteins within normal
limits acutely (37-39, 41-43, 47, 48). However, with a protein
containing diet for as short a period as three days, the growth
hormone levels begin to fall significantly but do not reach normal

levels until some two to four weeks of appropriate dietary therapy
(37,38,41).

The lack of carbohydrate suppressibility is similar to the
situation in acromegaly, and the fact that prolonged protein in-
gestion is required to reverse the abnormalities in growth hormone
and somatomedin suggests that the site of control resides else-
where than in plasma amino acid and/or protein concentrations.
Also analgous to the findings in acromegaly, the patients with
protein-calorie malnutrition may over-respond to stimuli used to
provoke release of growth hormone, such as arginine infusion
(Figure 9) (40,42).

Although the precise mechanism for the elevation of growth
hormone is unknown, recent evidence (49) suggests that it is not
due to a prolonged half-life or metabolic clearance in the mal-
nourished subjects. Taken together these data certainly provide
no support for the earlier held position that malnutrition produces
a hypopituitary-like picture, unless one wants to describe the
depressed somatomedin levels in those terms. It should be pointed
out, as an addendum, that other recent studies of short term
starvation in normal adult men and women, after equilibration on
standard or altered diets containing disproportionate amounts of
carbohydrate, fat or protein do not demonstrate precisely the
changes in growth hormone secretion noted after prolonged protein-
calorie malnutrition (50,51). More investigations will be neces-
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sary to provide an integrated picture of growth hormone alterations
occurring under differing conditions of limited dietary intake.

Protein-calorie malnutrition
especially after fasting; glucose
tolerance curve; hypoinsulinemia,
genic stimuli; and semnsitivity to

Figure 6.
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These findings can also be seen in growth hormone deficiency,

but, as noted above, growth hormone is actually elevated in mal-

nutrition.

The degree of insulinopenia following an IV glucose

load is proportional to the severity of the malnutrition, to the
levels of serum albumin and alanine on admission and to the extent
of glucose intolerance and is inversely proportional to basal

growth hormone levels (63).

In some cases the insulin response to

insulinogenic stimuli may not only be blunted, as mentioned above,

Figure 7.
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but may reach the peak value later than in normal control subjects
(40,56,62). This type of response has also been noted after total
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Figure 8. Somatomedin, growth hormone, albumin and transferrin
levels in a child with kwashiorkor during the course of nutrition-
al rehabilitation. Growth hormone levels fall to within normal
levels while the other variables rise to reach normal as recovery
occurs. (Reprinted with permission from Pimstone, B. L. et al.,
in: Gardner, L. I. and Amacher, P., eds., Endocrine Aspects of
Malnutrition, The Kroc Foundation, Santa Ynez, California, 1973,)
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stzrvation or during restricted carbohydrate intake in adults
(64,65).

The reduced insulin release may serve an adaptive role since
in times of energy deficit the actions of insulin to move free
fatty acids into fat tissue or amino acids into muscle would be
disadvantageous. The precise mechanism for the defects in insulin
release are unknown, but body potassium and chromium deficits,
defective gut insulinotropic factor(s), and disordered insulin
transport by the pancreas have all been mentioned and are supported
by several studies (62,66). However, actual pancreatic damage or
decreased functional mass has not been ruled out. All these
abnormalities return to normal with treatment, but in some cases
complete recovery may not occur for months (62).
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Figure 9. Rise in growth hormone levels above the fasting value

in adult patients with protein-calorie malnutrition before and
after nutritional rehabilitation in response to an intravenous
infusion of arginine. In the malnourished state higher levels of
growth hormone are achieved and are sustained for longer periods.
(Reprinted with permission from Smith, S. R. et al., J. Clin.
Endocrinol. Metab. 39: 53, 1974.)
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Adrenal Function

Earlier studies of adrenal function which relied on the urin-
ary excretion of glucocorticoid metabolites, the 17-0HCS, led to
the belief that hypoadrenalism accompanied chronic malnutrition.
Two recent investigations, utilizing newer methodologies, reveal
that the hypothalamic-pituitary-adrenal axis is not only intact
and responds appropriately to various types of stimulation includ-
ing stress, but also may be in a state of slight hyperfunction.

The first study (67) was of 10 adults with chronic protein-calorie
malnutrition associated with edema and hypoalbuminemia. Both total
plasma cortisol and plasma free cortisol, the metabolically active
form, were increased; however, the 17-OHCS excretion was diminished,
though the urinary total free cortisol was normal. Plasma cortisol
metabolic clearance and production rates were decreased. Adrenal
responsiveness to exogenous ACTH or metapyrone were normal, but
exogenous decadron failed to produce the expected degree of sup-
pression of cortisol production. The authors concluded that the
pituitary-adrenal axis was intact, but that ACTH was autonomously
controlled by unknown factors, perhaps the chronic stress of the
malnutrition, and failed to show the expected reduction in the

face of either increased endogenous or exogenous glucocorticoids.

The second study (68) was undertaken in 35 malnourished
children; the results are similar. Plasma free cortisol levels
were increased and rose promptly in the presence of acute infection.
Additionally, corticosteroid binding globulin was diminished, even
in those subjects without edema. 1In both studies dietary therapy

was followed by a return toward normal of all abnormalities, which
began within a short time of refeeding.

Thyroid Hormones

Of all the endocrine systems studied in patients with mal-
nutrition, there is probably more confusion about the functional
status of the thyroid than any of the others. In the extensive
literature on the subject, investigators have variously concluded
that hypothyroidism, euthyroidism, or hyperthyroidism exists.

Some of the confusion is slowly being clarified by recent, sophis-
ticated techniques for determining thyroid hormone metabolism.
This summary will focus on the current state of the art and the
best guess of what occurs during protein-calorie-malnutrition.

Most of the studies which led to the conclusion that hypo-
thyroidism existed were based on the findings of low BMR values
and decreased PBI or total thyroxine levels. There are other
obvious reasons for a diminished BMR in severely wasted patients
than hypothyroidism. In patients with reduced plasma proteins,
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the thyroid binding globulins may also decrease. Thus the free

or metabolically active form of the hormone may remain unchanged,
may decrease or increase, but those alterations could be masked by
changes in the binding globulins (69-71).

Recent work has focused on the measurement of, not only total
thyroxine, but also free thyroxine, total triiodothyronine, and
free triiodothyronine, the latter two probably being more important
in the cellular actions of thyroid hormone. Additionally reverse
triiodothyronine, an alternate, inactive metabolite of thyroxine,
has been measured. In these studies total thyroxine and free
thyroxine have been found to be normal, decreased or increased
(70-74); the possible reasons for these discrepancies will be dis-
cussed below.

These studies, by-in-large, are in agreement that total and

free triiodothyronine are decreased (70-74). Marked decreases in
the triiodothyronines can occur with as little as two to four
weeks of caloric restriction in adult obese volunteers (75,76).
A growing consensus is emerging that defective deiodination of
thyroxine to triiodothyronine or increased formation of the in-
active reverse triiodothyronine is occurring (70-74). The end
result in either case would be decreased active hormone at the
cellular level.

The changes in thyroxine could be explained by a block in its
metabolism leading to an increased level, an excessive metabolism
to reverse triiodothyronine leading to a decreased level, or some
balance of the two processes leading to no change.

Measurements of thyroid stimulating hormone (TSH) assuming an
intact pituitary, might provide some clue as to whether hypo-
thyroidism is actually present. However, the results are equivocal
again with normal, decreased or increased levels being reported
(70,73-75). Alternatively the hypothalamus could be faulty, and
in fact several studies have attempted to get at this question.

In one, brief fasts (12 to 36 hours) led to diminished TSH release
following administration of synthetic thyrotropin releasing hormone
(TRH) in 9 normal adult men (77). In another study, an exaggerated
release of TSH following administration of TRH was seen in several
children with elevated basal TSH levels in association with
protein-calorie malnutrition (78). This response is reminiscent

of that seen in subjects with primary hypothyroidism.

The many questions regarding thyroid function in malnutrition
remain largely unanswered, but taken on balance, the evidence seems
to point more to some degree of hypothyroidism, at least at a cell-
ular level. It is interestimg to point out that all these ab-
normalities may not be due to the decreased nutritional intake
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per se since growth hormone in high levels can cause alterations
in binding of the hormones to their binding proteins and excessive
cortisol or decadron, a synthetic glucocorticoid, can alter bind-
ing as well and additionally favor the formation of reverse tri-
iodothyronine from thyroxine (69,79).

Gonadal Function

As noted earlier, amenorrhea, impotence and infertility could
have their origins in either endocrinologic or psychologic factors.
Considering the focus of this conference, it was particularly
disappointing to find that very few studies of gonadal function,
unassociated with psychiatric disease, such as anorexia nervosa,
have been carried out. Smith et al. (80) studied 28 men with
severe protein-calorie malnutrition in Calcutta. They ranged in
age from 25 to 51 years. Hypoalbuminemia and edema were not con-
sistent findings although marked wasting was present in all, All
subjects had clinical evidence of hypogonadism, including dimin-
ished body hair and beard growth and diminished libido resulting
in abstention from intercourse; impotence per se is not remarked
upon. Some had soft and/or small testes and one patient had
gynecomastia on admission. Total and free plasma testosterone
were reduced, and rose to normal levels with refeeding. In most
plasma LH and FSH were high at the time of malnutrition and
decreased during refeeding to reach normal values. Human chori-
onic gonadotropin for three days produced subnormal testosterone
responses in both the malnourished and recovered state (Figure 10).
However, after refeeding, the expected decline in FSH followed the
stimulation.

They concluded that the hypogonadism of chronic malnutrition
is primarily on the basis of testicular failure, probably residing
in the Leydig cells. Since the ILH and FSH levels were usually high
on admission, the hypothalamic-pituitary axis appeared to be
responding appropriately to the primary gonadal failure. Addition-
ally, reversal of the malnutrition did not result in complete
recovery of these abnormalities though many of the men developed
more body hair and experienced erections and nocturnal emissions.

In another study (8l), obese adult men and women, ranging in
age from 20 to 50 years, were food restricted and the metabolism
of dehydroepiandrosterone sulfate was investigated. Urinary ex-
cretion of this compound fell significantly, especially with fast-
ing, while plasma levels rose. Radioactive isotope dilution

studies confirmed that the metabolic clearance and production rates
of this steroid were reduced and the half-life commensurately

increased. These findings are similar to those noted previously
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Figure 10. Plasma testosterone in adult men with protein-calorie
malnutrition before and after nutritional rehabilitation and in
normal men in response to human chorionic gonadotropin stimulation.
Basal levels are reduced in the malnourished state and return to
normal levels with refeeding; however, the abnormal response to
gonadotropin stimulation persists even after normal weight for
height has been achieved. (Reprinted with permission from Smith,
S. R. et al., J. Clin. Endocrinol. Metab. 41: 60, 1975.)
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in cortisol metabolism. However, since the action(s) of this
hormone are unknown, the relevance of these findings are uncertain.

In another study (82) six obese men, ranging in age from 24
to 70, were fasted for periods of 27 to 190 days. Serial measure-
ments of plasma testosterone, LH and FSH were made and no signifi-
cant changes were noted during the starvation periods.

Vigersky et al. (83) compared pituitary LH and FSH release to
gonadotropin releasing hormone stimulation in patients with either
anorexia nervosa or simple weight loss to normal controls. Basal
IH levels were reduced only in the anorexia patients; basal FSH
levels in the simple weight loss group were intermediate between
the low levels of the anorexia patients and the higher levels of
the normal women. The integrated releasing hormone-induced LH
responses were the same in the three groups, while the FSH in-
tegrated response was greater in the underweight groups. There was
also a delay in the time of peak LH and FSH response in the under-
weight groups, especially in those with anorexia nervosa.

In another study by Warren et al. (84) patients with anorexia
nervosa and self-inflicted weight loss, who may or may not have
had anorexia, were studied as a group; it is, therefore, difficult
to determine if any of the women had simple under-nutrition. As a
group, their LH and FSH responses to gonadotropin releasing hormone
were diminished and returned toward normal with weight gain. The
FSH response returned to normal in a linear fashion in relation to
weight gain, while the LH response was exponential, revealing a
sudden increase in responsiveness when patients reached a level of
85% of ideal body weight. There was no apparent relationship of
the response to the level of plasma estrogens.

These results of studies of gonadal function in patients with
various types of weight loss are so scanty and diverse that it
seems unjustified to even attempt to summarize the results. There-
fore, what should have been the most important part of this report
is left up in the air, and the only judgment I can make is that
further investigation is sorely needed.

ANOREXTA NERVOSA

The interrelationships of psychologic disturbance, hypothalam-
ic abnormality, endocrine deficiencies and malnutrition in anorexia
nervosa have been the topic of numerous papers. One of the best,
comparing the findings in anorexia nervosa and malnutrition, was
written by Warren and Vande Wiele (85); it is particularly useful
since the endocrine measures in the anorexia patients were by-in-
large sensitive and up to date. Another paper of extensive and
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sophisticated endocrinologic investigations of a small number of
patients with anorexia nervosa was compiled by Mecklenburg et al.
(86.) These descriptions of the condition (85-87) have drawn
attention to the clinical signs and symptoms which are compatible
with malnutrition, hypothyroidism, hypoadrenalism, hypopituitarism
and hypothalamic disease; these include lassitude and weakness,
constipation, cold sensitivy and hypothermia, emaciation, lanugo,
coarse, dry hyperpigmented skin, slow pulse, decreased systolic
blood pressure and pulse pressure, postural hypotension, and
delayed water excretion.

Amenorrhea has been particularly commented on and is pertinent
to the concerns at this conference. It is considered a major
hallmark of anorexia nervosa; in contrast to the situation in
simple starvation (11,88,89), it frequently precedes other overt
signs of the disease and may persist for long periods after ideal
body weight has been achieved.

The biochemical and endocrine alterations in anorexia and
their reversal to normal with refeeding and return to a normal
body weight (85-87, 90-92) suggest that many may be primarily
related to malnutrition. Some of the more pertinent comparisons
between anorexia and malnutrition will be made here. Fasting
hypoglycemia and insulin sensitivity have been reported in both
conditions; flat glucose tolerance curves and curves suggestive of
diabetes mellitus can be seen in both conditions. Elevated basal
growth hormone levels with overresponse to stimuli are seen in
both and at least one anorexia patient with high growth hormone and
low somatomedin levels has been reported (90). 1In both conditions
decreased excretion of adrenal glucocorticoid metabolites and pro-
longed metabolic clearance of cortisol associated with normal to
elevated plasma levels of cortisol, have been reported; likewise,
the response to ACTH and metapyrone stimulation are usually normal.

Thyroid function has usually been considered normal in
anorexia, as judged by PBI or thyroxine levels, TSH levels and TSH
responses to thyrotropin releasing factor. However, an occasional
low thyroxine level has been reported and more recent studies of
triiodothyronine metabolism (93,94) suggest that triiodothyronine
levels may, in fact, be diminished secondary to defective peripheral
conversion of thyroxine to the metabolically more active triiodo-
thyronine, This has been suggested to occur in several recent
reports of thyroid hormone metabolism in malnutrition (72-76).
That hypothyroidism may be a more prominent part of anorexia
nervosa than previously thought is suggested by Bradlow et al.,
(95) who reported low plasma levels of triiodothyronine and an
abnormally low urinary androsterone/etiocholanolone ratio, which
is characteristic of hypothyroidism and which could be corrected
by triiodothyronine therapy in their amorexia patients.
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Since the amenorrhea of anorexia does not disappear with re-
feeding and return to a normal body weight, investigations of the
sex hormones in this condition have been extensive (85-87, 90-92,
96,100). The results suggest failure of peripheral gonadal func-
tion secondary to inadequate gonadotropin stimulation, which, in
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Figure 11. Plasma FSH and LH responses to gonadotropin releasing
hormone, expressed as the integrated response above basal levels,
in normal women during the follicular phase and in patients with
anorexia nervosa at various levels of ideal body weight.
(Reprinted with permission from Sherman, B. M., et al., J. Clin.
Endocrinol. Metab. 41: 135, 1975.)
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turn, appears to be secondary to failure of hypothalamic releasing
factor stimulation of the pituitary. Thus, urinary and plasma
levels of LH and FSH are uniformly low when body weight is moder-
ately reduced. Urinary and plasma levels of estrogens in females
and testosterone, in the few males with the condition who have
been studied (101) are likewise decreased. If gonadotropin
releasing hormone is administered, LH and FSH release is evoked
(Figure 11) and in most studies the decreased response, when body
weight is moderatly reduced, returns to normal or may even exceed
the normal response as normal body weight is approached, 1IH is
seemingly more reduced than FSH; FSH returns to normal more quickly
and is more apt to overrespond to gonadotropin releasing hormone
stimulation.

Certain aspects of the hypothalamic-pituitary-gonadal axis
are prepubertal in type, rather than of an adolescent or adult
pattern. The studies of Boyar et al. (102) of LH levels at 20
minute intervals over a 24 hour interval revealed that anorexia
patients failed to show the episodic peaks of LH secretion occur-
ring with equal frequency and magnitude during sleep and wakeful-
ness characteristic of the normal sexually developed adult;
rather, their pattern was a low LH which oscillated around a
constant mean which is characteristic of the prepubertal child,

In one patient who gained weight with treatment, the adult pattern
developed. Additionally, prepubertal children will not release LH
and/or ovulate when given clomiphene citrate; neither will anorexia
patients until they have sufficiently recovered to have reached a
nearly normal body weight (98-103). These observations are of
interest since they suggest that the '"critical mass'" hypothesis of
Frisch may operate in patients with anorexia with regard to
hormonal secretory patterns (104); yet the anorexic patient may
fail to menstruate even though body weight and hormonal patterns
have returned to normal. Thus, the psychiatrists say, with some
tenacity, that anorexia nervosa is not solely a condition of self-
imposed malnutrition.

SUMMARY AND CONCLUSIONS

The endocrine changes in malnutrition are many and varied.
Some are a result of simple developmental delay which accompanies
malnutrition in the growing child; others are a result of complex
alterations in the usual endocrine relationships, which often
seem to be an attempt to adapt to the protein-calorie deficits.
Those of chief concern here are the least well studied and leave
many questions to be answered. From a very pragmatic perspective
one is left with the undeniable fact that overpopulation is one
of the major problems of the countries where malnutrition is most
common., Therefore, whatever the alterations in reproductive
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endocrine functioning secondary to malnutrition, nature seems to
have made certain that they were at least compatible with survival
of the species.
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INTRODUCTION

Estrogens and oral contraceptive agents (OCA) are widely used
as prophylactic and therapeutic agents in gynecological practice.
It is estimated that one out of six women of childbearing age in
the United States currently use OCA. These potent pharmacological
agents affect many aspects of human metabolism. Alterations in the
levels of minerals and vitamins in the plasma as a result of OCA
administration has been noted and reviewed by many authors (1,2,
3). Most of these studies, however, were performed in a small
number of subjects and as such were limited in scope. The purpose
of this paper is to document the effects of OCA on minerals and
vitamin metabolism in a large number of subjects representing dif-
ferent socioeconomic groups. Some of our data have been presented
in detail elsewhere (4,5,6); as such,only pertinent information
will be reviewed in this paper.

METHODS

Study Groups

In this study female subjects between the ages of 18 to 45
years were divided into 8 groups in a factorial arrangement with
two socioeconomic levels and four different hormonal states
(Tables 1 and 2). The criteria of Myrianthopoulos and French (7)
with an income adjustment was utilized in determining the division
between the higher (A) and lower (B) socioeconomic classes.
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Table 1

Number of Subjects in the Clinical and Biochemical Studies
by Contraceptive Group and Social Class

Socioeconomic Class

Group A (Higher) B (Lower)

None 128 98

Pill 1 (Norinyl) 35 111

Pill 2 (Ovral) 44 124

Resume Pill (RP) 78 105
Table 2

Number of Subjects in the 24-Hour Dietary Recall Study
by Contraceptive Group and Social Class

Socioeconomic Class

Group A (Higher) B (Lower)
None 49 49
Pill 1 (Norinyl) 30 46
Pill 2 (Ovral) 25 49
Resume Pill (RP) 42 47

Subjects who were not taking OCA belonged to A-none or B-none
groups., A-1 and B-1 groups consisted of those subjects who used
"Norinyl" (1 mg norethindrone and 50 ug mestranol) for 3 months
or more. A-2 and B-2 groups of subjects received "Ovral" (which
contained 0.5 mg of norgestrel and 5 ug of ethinly estradiol) for
3 months or more. A-RP and B-RP groups consisted of women who
resumed OCA within 5 weeks after pregnancy during lactation.

Subjects were divided further in each group into "supplemented"
and "non-supplemented" subgroups according to whether or not they
were taking vitamin and/or mineral supplementations by their own
admission.

Records of physical examinations by the physician and nutri-
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tional histories were recorded in each case on a form similar to
those used in ICNND surveys (8).

Laboratory Techniques

Hemoglobin, hematocrit, cell indices and peripheral blood
smear were examined according to routine methods (9). Plasma
total protein and serum iron were determined by Technicon Auto-
Analyzer methods (10). Cellulose acetate electrophoresis technique
was used for plasma protein fractionation (11). Plasma copper,
zinc, magnesium and calcium were assayed by atomic absorption
spectrophotometry (12). Erythrocyte zinc and magnesium were also
determined (12).

Plasma vitamin A and carotene were determined by the modified
Carr-Price method (13) and plasma vitamin C was assayed by a modi-
fied method of Roe and Keuther (13). Grab samples of urine were
collected from subjects for thiamin and riboflavin determinations.
Urinary thiamin and riboflavin were measured fluoremetrically by
modified methods of Consolazio et al. (13) and Salter and Morell
(13), respectively. Creatinine in the urine was determined by a
Technicon Auto-Analyzer using a modified procedure of Folin and
Wu (10).

Plasma pyridoxal phosphate (PLP) was determined by a simple
enzymatic assay (14). Erythrocyte glutamic oxalacetic transaminase
(EGOT) was measured in a hemolysate of red blood cells (15). The
cells were washed with 0.85% sodium chloride solution and diluted
with saline in the proportion of 0.8 ml saline to 1 ml packed
cells. The test was carried out on 0.1 ml of a 1 to 20 hemolysate.
For measurement of PLP stimulation, 0.1 ml hemolysate was incubated
with 0.1 ml of PLP (0.5 mg per ml) for 20 minutes at 37°C prior to
the colorimetric determination of EGOT.

Erythrocyte and plasma folic acid were determined by a micro-
biological assay using Lactobacillus casei., Serum vitamin By was
measured by a microbiological assay using Lactobacillus leichmanii
(16).

Statistical Analysis

Nutritional and biochemical data were analyzed statistically
by analysis of variance (Table 3). Missing data were processed by
the procedure of least squares analysis of variance (17). Means
were ranked by the Duncan's New Multiple Range Test (17). Clinical
data were statistically analyzed by chi-square (17).



64 A.S.PRASAD ET AL.
Table 3
Treatment Comparisons in Analysis of Variance
Degree of

Treatment Freedom
P; = None vs. Norinyl, Ovral and RP 1
Py, = RP vs. Norinyl and Ovral 1
P3 = Norinyl vs. Ovral 1
I = Income 1
S = Supplement 1
Interactions 10
IxPy 1
IxPy 1
I x Py 1
S x Py 1
5 x Py 1
S x P3 1
IxS 1
I x5xP; 1
IxSxP 1
IxSxPy 1
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RESULTS

Physical Findings

The prevalence of dry skin, easily pluckable hair, angular
lesion of the mouth, caries and debris of teeth, marginal redness,
swelling and bleeding of the gums, filiform papillary atrophy,
fungiform papillary hypertrophy of the tongue and glossitis, and
scaling of skin were more frequently observed in the B groups than
in A groups (6). In the A groups some of the above clinical signs
were more common in the non-supplemented groups of subjects. In
the A groups, higher prevalences of angular lesions of the mouth,
caries and debris of the teeth, marginal redness, swelling and
bleeding of the gums were seen in the OCA users than in the
controls. The prevalences of the easily pluckable hair, angular
lesions of the mouth and debris or calculus of the teeth were more
frequently observed in the B-1 group as compared to the B-none
group. Higher prevalence of angular lesions of the mouth was seen
in the B-RP group as compared to the B-nome group.

Dietary Intake

In general, the intake of calories, protein, calcium,
magnesium, iron, copper and zinc for OCA subjects did not differ
from the controls (4,5,6). The consumption of protein, calcium,
magnesium, iron, copper and zinc was found to be higher in group
A than in group B subjects. The caloric, protein, calcium, mag-
nesium, iron, copper and zinc intakes of the A-RP group was higher
than the A-none, A-1 and A-2 groups.

As expected, the supplemented group consumed greater amounts
of calcium, iron, magnesium and copper. However, for magnesium
and copper, this supplementation effect was seen only in the A
groups.

In general, the OCA subjects' intake of vitamin A, C, Bg and
folic acid did not differ from the controls (4,5,6). However, the
intake of thiamin and riboflavin in A-1 and A-2 appeared to be
lower than the A-none subjects. The A-RP group of subjects had
higher intake of vitamin Bg and folic acid than A-1 and A-2 subjects.
As expected, the subjects from the supplementation groups had
higher intake of vitamin A, C, Bg, thiamin, riboflavin and folic
acid than the non-supplemented groups, and the A groups had higher
intake of vitamin C, Bg, riboflavin and folic acid than B groups.
Dietary intake of vitamin A, C, Bg, folic acid and riboflavin of
the supplemented groups were higher than the non-supplemented
groups in A but not in B.
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Laboratory Findings

Hemoglobin, hematocrit and RBC count were not affected by OCA
but serum iron was increased in both A and B groups taking '"Norinyl"
but no effect of "Ovral" was seen. Total iron binding capacity
(TIBC)was increased as a result of OCA administration in A and B
groups (Table 4).

In group A-RP, a decrease in hemoglobin, hematocrit, RBC count
and serum iron was observed. TIBC was increased in both A-RP and
B-RP groups. In general, the TIBC values were higher in the B
groups as compared to the A groups and in the non-supplemented
groups as compared to the supplemented groups.

Table 5 shows the results of copper and zinc analysis. Plasma
copper was increased in A and B groups as a result of OCA adminis-
tration. No socioeconomic effect on plasma copper was observed.
Plasma copper was also increased in both A-RP and B-RP groups.

Plasma zinc decreased as a result of OCA administration in A
and B groups. An increase in the RBC zinc was observed due to
administration of '"Norinyl" in both A and B groups. A decrease in
plasma zinc and an increase in RBC zinc was observed in A-RP group
only. Although no socioeconomic effect was observed on plasma
zinc level, A groups showed higher RBC zinc as compared to B groups.

With respect to plasma calcium and magnesium and RBC magnesium,
no significant effect of OCA administration was observed.

Although there was no effect of OCA adminis tration on plasma
total protein, serum albumin was decreased due to intake of OCA
in both groups (4,5). Serum albumin was significantly lower in
A-RP as compared to A-none, A-1 and A-2 groups.

Plasma vitamin A levels were increased due to OCA administra-
tion in both A and B groups of subjects (Table 6). Supplemented
subjects had higher levels of plasma vitamin A. No socioeconomic
effect was observed. Plasma carotene levels were decreased due to
OCA administration and group A subjects had higher levels of
plasma carotene. Plasma ascorbate was not affected by OCA admin-
istration. Group A subjects had higher plasma ascorbate levels as
compared to group B. Supplemented subjects had higher plasma
ascorbate levels as compared to non-supplemented subjects.

Urinary excretion of both vitamins was decreased in subjects
using OCA in A and A-RP groups (5). Group A subjects had higher
excretion of thiamin and riboflavin as compared to group B subjects.
Supplementation effect was observed in group A only.
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Table 4(b)

Levels of Serum Iron and Total Iron Binding Capacity

Serum total iron binding

Groups Serum iron, ug/100 ml capacity, ug/100 ml
S NS Avg S NS Avg
A-None 95.89 81.16 89.68 267.1 271.0 268.7
+35.99 +24.84 +32.49 +81.0 +68.1 +75.7
A-1 89.00 100.93 98.20 318.4 311.5 312.9
+30.75 +37.16 +35.73 +81.7 +65.8 168.0
A-2 84.80 37.42 86.81 317.6 345.4 338.9
+34.88 +39.86 +38.38 +59.8 +92.1 185.9
A-RP 50.40 47.75 49,89 305.2 307.0 305.6
+29.97 +24.99 +28.95 +65.7 +76.9 +67.5
B-None 69.04 69.68 69.38 292.5 312.1 307.3
+34.43 +34.43 +34.43 +67.6 +86.2 +82.6
B-1 99.52 90.07 91.53 305.6 337.4 332.5
+19.71 +28.84 +27.77 +70.2 +72.5 +72.7
B-2 74.14 75.53 75.27 305.1 335.4 330.0
+30.94 +30.02 +30.06 +57.8 +80.6 +77.6
B-RP 73.15 69.40 70.71 304.4 316.0 311.8
+39.51 +37.73 +38.20 $11.9 +91.6 +99.1
P values Pq 0.03; Py 0.001 P; 0.001; IP; 0.02;
IP1 0.001 I 0.06; S 0.02

Values are mean + standard deviation of mean. S = supplemented;
NS = nonsupplemented; Avg = average.

Source: Prasad et al., Am. J. Clin. Nutr. 28: 377-384, 1975.

Results of PLP, EGOT and percent stimulation of EGOT are pre-
sented in Table 7. In group A plasma PLP level was decreased due
to OCA administration. Supplementation effect was seen mainly in
the A groups. Plasma PLP was found to be lower in the A-RP group
than in the A-1 and A-2 groups.

EGOT activities were found to be lower in the RP and OCA
groups. This reduction in activities due to OCA was greater in
the B groups as compared to A groups. Supplementation effect was
seen in both groups. The percent stimulation of EGOT was found to
be greater in the OCA and RP groups. No socioeconomic or supple-
mentation effect was seen so far as the EGOT stimulation test
was concerned.



69

*GL6T ‘16€-G8€ :8C IINN 'UI[D [ ‘Wy ‘°Te 3d pESeid :92anog
*98eIsae = *8aAy
‘pojusweiddnsuou = gN fpojusweiddns = § ‘upoW JO UOTILTADD PIBPUERIS + UEBOW oIk SONTEBA

EFFECT OF ORAL CONTRACEPTIVES ON MICRONUTRIENTS

200°0 ST ‘10°0 S ‘10°0 I

‘100°0 ¢4 ‘100°0 14 €00°0 'a 100°0 la seniea d
8L° 8+ €9°6+  €6°9F 8E HEF  THTOVF 8L 61+ 9°Co+ 7 E+ 149+
98° 1% SG° 1y 8y°Ty 92°S11 87°GTL TT STL 7°92C (AR X4 8°L1CT_ du-4
689+ 68° 9+ L8°9+ et 18" %2+ LTt 9°08+ T 98+ 1°2€C+
86°9¢ L6°9€ 00°LE_ €8°STL 96911 €V TIL §°8Te 1°2€2 L°112 rAk:!
8¢ "8+ 97" [+ 6%°C1+ 6C° 9T+ $6° 9T+ SH T+ TSSO+ 8° LG+ 8 €6+
ve 1Y S0" 1Y €57 Ty _ 70°€TL LT €TL LL°TTT S°L2T N A44 S 15T 1-9
%6 [+ 11°L+ G6° 0T+ 20° 6T+ 0%" 9+ 68707+ 8 ce+ 9 ¢e+ 0°Ge+
68°9¢ 19°9¢ 1L°L¢ €6°811 9¢°611 89°L11 rANA L 1Y1 8'¢yl  QuoN-g
01°1T+  %9°TI+ €8°0T+ 6% 0T+ ST TI+ S6°1T+ T C9F 6° 75+ € €9F
99°6% 86°LY 12°6Y% 10°£01 €5°20L 80°80L 6°8€2 €°60C 0°S%T d4-v
9L 9+ €L 9+ e [+ LO° LT+ e LI+ S0" 9T+ 7764+ 164+ 6° TS+
ST 6€ 98°8€_  %8°0% %6 G11 90" %11 0%7°0TL €922 8°LTT 9°12¢_ -V
686+ G0°'0T+ 68°/[+ 91" LTI+ L6°ST+ L9°TT+ 6°GG+ 1716+ 0°€L +
8Z° 1% 80" €Y ¥1°9¢ 00°2TL 68°CTL 00°60T 9" 12 6792 S 0€T_ 1-v
€L° 9+ 68° L+ L8°G+ YL 6T+ 80°9T+ 861+ € C8+ 08¢+ €201+
85°6¢ 50T 0% 9Z°6¢ 70" 811 #0611 GETLIT 8 ¢gel 8°971 8°8¢1  SUON-V
3ay SN S 3aY SN S 3ay SN S dnoxp
urqoi3oway 3/3n 1w 0Q1/3n Tm QQ1/3n
‘ourz 934o0ayjzhay ‘outz ewseld Jaddoo ewseld

sT9a9T oulz 934o0ayadayg pue ‘ourz pue iaddop euselg

S ®Tqel



A.S. PRASAD ET AL.

70

*SL6T ‘16€-S8€¢ 8¢ "IINN UILD T Wy ‘°TE 39 peseid
*938eaane = 8Ay

‘pejusweiddnsuoy = SN ¢pojusweiddng = g

:90anog

‘upsWl JO UOTJIBTASP PJIBPUEB]S + uUeBdW IDIB SONTeA

100°0 SI
*100°0 S ‘100°0 I 100°0 I ‘10°0 14 90°0 S ‘10070 Td  soniea g
6€°0+ SE 0+ Wy oF GE 8T+ 90°81+ 68° 8T+ €¥°81+  OT°6T+F  #8°91+
0L°0_ 69°0_ 7.0 82°GS_ 96795 _ 00°€S_ €6°C9_ 7%°09_ 61°99 d49-4
LE"O+ LEO+ 8E O+ €L° 81+ 16°81+ 1€ LT+ S1°0C+ €L 6T+ LS 1T+
0L°0_ 69°0_ €L°0_ SE° 95 _ wSrLS 90°1G_ 90°8S_ ¥8°95 §G€9_ z-4
o%7° 0+ o7"0+ TH° O+ 6%° 61+ L1°0C+ VLT TT+ 00° 91+ LTST+ 16° L1+
wL°0_ €L°0_ 8L°0_ 1€°29_ 66°€9_ 10°€S_ 0%7°96_ 29795 _ 81°6S_ -4
6€°0+ S0+ 0gtoF €705+ %€ 96+ VAR TS 96 L1+ LS LT+ GG LI+
1.°0 GL°0 %9°0 0S°%9 €9°69 S%°19 16°G% zerey €%7°2S SuoN-g
%G OF €Y°0F 96 °OF I%°98+  0€°¢d+ 68°76+  €L°07F  18°ST+  HL°1TF
80°T_ €6°0_  TIT1°T_ 78°28_ 9L°09_ L0°88_ 98°09_ 8L°%9_ 26765 _ a9~y
o%7° 0+ LEO+ 9% 0+ TL°1C+ VINrAAY TS 0T+ 89° L1+ 1€ LT+ 61° 6T+
28°0_ 9,°0_  T10°T_ €1°19_ L6°09_ 89°19_ 98°29_ LS°19_ ST°L9_ -V
€70+ SE'0+  €9°0+ T1°61+ €€ 61+ 8 1+ [AMRTAS 6142+ 60792+
LL7O_ €L°0_ 68°0_ 06°59 €0°69_ €€°GS_ S1°29_ €509 _ 96°L9_ -V
7S 0+ LE°O+ LS O+ T = A4 66°6T+ G8 T+ 7S €T+ SL GT¥
SI°1 06°0 71 16°%8 e°8L L8°88 LS°0S 10°0S %6° 05 SUON-V
BAY SN S BAY SN S BAY SN S dnox
Tw 00T /3w W QOT/%n W 00T/3n
‘pIoB OTQIOOSY ‘auajoaen ‘Y UTWE3TA

SI9SNl VOO UT PTOV OTQIOOSY DUS3O0AB) PUB Y UTWEITA PUSETJ JO STIADT

9 °1qeEL



EFFECT OF ORAL CONTRACEPTIVES ON MICRONUTRIENTS

Levels of PLP and EGOT and Per Cent Stimulation of EGOT (MeantS.D.)

Table 7

Supple~ Non- Total

Group mented Suppl. Average Sub jects
Plasma PLP (ng./ml,)

A-None 27.3+15.2 12.6+7.3 18.5+13.1 25
A-1 9.5+ 5.7 10.6+4.6 10. Si 4.9 14
A-2 11.7+ 8.6 7.8+2.8 9.0+ 6.3 16
A-RP 6.2+ 5.1 6.6+3.0 6.3+ 4.8 65
B-none 9.3+ 4.3 11.345.7 10.9+ 5.5 29
B-1 6.1+ 3.0 11.946.3 11.2+ 6.3 25
B-2 7.6+ 5.0 10.1+4.0 9.9+ 1.1 51
B-RP 12,3+410.3 8.0+3.7 10.0+ 7.7 37
P values 0.001; P2 0.001; S 0.05; I x P2 0.001; I x P71 0.01;

SxP 0.01; T xS0.,025; Ix8S x Py 0.01;

I xS x Py 0.025

EGOT (RF units¥)
A-None 4.01+ 1.86 2.83+1.02 3.61+ 1.71 82
A-1 2.43+ 1.97 3.70+2.57 3.41+ 2.43 13
A-2 3.37+ 0.06 3.21+1.61 3.25+ 1.40 13
A-RP 3.87+ 2.16 3.35+1.81 3.57+ 1.81 7
B-none 4,55+ 2,16 4.08+1.75 4,20+ 1.83 33
B-1 3.79+ 2.79 2.85+1.08 3.04+ 1.57 40
B-2 3.34+ 2.18 2.67+1.29 2.79+ 1.48 39
B-RP 3.50+ 2.51 3.82+2.63 3.73+ 2.57 41
P values P; 0.05; Pp 0.06; I x Py 0.02
% Stimulation of EGOT

A-None 132 + 76 163 + 91 143 + 82 81
A=1 252 + 115 188 + 174 203 + 160 13
A-2 162 + 40 166 + 136 165 + 119 13
A-RP 117 + 33 200 + 139 164 + 109 7
B-none 104 + 52 129 + 87 123 + 80 33
B-1 186 + 145 156 + 74 162 + 92 39
B-2 154 + 124 204 + 124 196 + 126 37
B-RP 167 + 138 165 + 138 165 + 131 41
P values P1 0.01

* Raitman-Frankel units per milliliter of plasma on a basis of
45 percent hematocrit.

Source: Prasad et al., Am. J. Obstet. Gynecol. 125: 1063-1069, 1976.
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Table 8

A.S. PRASAD ET AL.

Levels of Erythrocyte and Serum Folic Acid and Serum

Bj9 (MeantS.D,)

Supple- Non- Total

Group mented Suppl, Average Subjects
Erythrocyte folic acid (ng./ml.)
A-none 318+170 246+107 295+150 102
A-1 204+ 77 175+ 56 185+ 64 28
A-2 2534119 1974107 208+110 36
A-RP 4574313 260+165 4304304 88
B-none 230+ 81 181+ 73 192+ 77 63
B-1 2224160 200+ 91 204+107 55
B-2 199+ 83 172+ 65 176+ 69 106
B-RP 263+214 2344160 244+180 82
P values P, 0.001; T 0.001; S 0.001; T x Py 0.01
Serum folic acid (ng./ml.)
A-none 6.59+4.67 5.84+3.77 6.30+4.33 107
A-1 4.47+1.19 4.7142.50 4.62+2.04 18
A=2 4.92+3.11 4.4743.15 4.55+3.09 27
A-RP 7.7245.86 5.89+5.23 7.50+5.79 83
B-none 4.,2041.93 3.34+1.24 3.53+1.45 54
B-1 4.41+3.48 4,0241.64 4.09+2.01 49
B-2 4.79+2.18 3.84_1.30 3.96+1.45 79
B-RP 6.43+6.78 3.86+1.89 4.73+4.33 72
P values Py 0.025
Serum By, (pg./ml.)

A-none 469+172 4464176 457+172 28
A-1 350+127 290+102 315+113 17
A-2 590+433 461_256 4824279 19
A-RP 435+173 679+642 464+273 60
B-none 416+ 72 521+232 499+212 38
B-1 385+125 378+221 380+204 22
B-2 4874201 478+279 479+259 67
B-RP 4524274 4784246 466+255 36
P value P53 0.01

Source: Prasad et al., Am. J. Obstet. Gynecol. 125: 1063-1069, 1976.
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Table 9

Duncan's New Multiple Range Test* for Erythrocyte and
Serum Folic Acid in OCA Users (P < 0.05)

Groups
A- B-
Folic acid A-RP none | B-RP | A~2 | B-1 | none | A-1 | B-3

Erythrocyte 430 295 244 208 204 192 185 176
(ng./ml.)

A-
Folic acid | A-RP none | B~RP | A-1 A-2 B-1 B-2 B-none

Serum 7.50 6.30 4.73 4.62 4,55 4,09 3.96 3.53
(ng./ml.)

* Any two means not underscored by the same line are significantly
different. Any two means underscored by the same line are not
significantly different.

Source: Prasad et al., Am. J. Obstet. Gynecol. 125: 1063-1069, 1976.

Table. 8 shows the results of erythrocyte and serum folate and
Byp. Both plasma and red cell folate levels were higher in group
A than in group B. Supplementation effect was seen in both groups.
Erythrocyte and serum folate in the RP groups were higher than in
the OCA groups.

The Duncan's New Multiple Range test indicated that the A-RP
subjects had higher red cell and serum folate than A-none subjects
(Table 9). Erythrocyte folate in A-1 and A-2 groups was decreased
in comparison to subjects in A-none and A-RP groups. Serum folate
in A-2 group only was decreased when compared to A-none and A-RP
groups.

Serum vitamin By in A-1 and B-1 groups were lower than A-2
and B-2 groups. No other significant differences were found with
respect to serum vitamin By, levels.
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DISCUSSION

It is obvious that subjects in group B showed higher frequency
of clinical signs, indicative of malnutrition. Although group A
supplemented subjects had less prevalence of abnormal clinical
findings related to nutrition, this was not observed in group B.
This may mean that group B subjects either received inadequate
supplements or falsely reported taking nutritional supplements.

In the higher socioeconomic group greater frequencies of
abnormal clinical signs, indicative of malnutrition, were observed
in OCA users as compared to controls. However, this was not
observed in the lower socioeconomic group on OCA except for angular
lesions of the mouth and debris or calculus of the teeth. An
increase in prevalences of dental caries in OCA users of the higher
socioeconomic group was also observed. 1In rats injected with OCA,
elevated incidences of carious lesions proportional to increased
doses of OCA have been reported by Liu and Lin (18). Furthermore,
these authors postulated that the increased dental caries activity
of OCA treated rats may be caused by a decrease in plasma zinc
concentration, since such a reduction has been observed in human
subjects (4,19) and rats (20,21) receiving OCA.

Increased levels of serum iron and TIBC due to OCA, as
observed in our study, is consistent with the reports of other
investigators who showed an increase in transferrin level due to
OCA administration. Subjects resuming OCA after pregnancy in both
groups appeared to be iron deficient as determined by serum iron
and TIBC levels. We believe that changes in RP groups are a
result of pregnancy and parturition and not due to OCA inasmuch as
the subjects received OCA for a short period of time., The hemo-
globin, hematocrit and red cell count were, however, decreased in
only A-RP group and the explanation for a lack of similar finding
in the B group is not apparent. In general, however, hypochromasia
was present in group B suggesting that iron deficiency was perhaps
a complicating factor in that group.

The effect of OCA on plasma copper was similar to what has
been reported (22,23,24), It is believed that this effect is
mainly due to increased levels of ceruloplasmin in the plasma,
which have been observed in OCA users and in pregnancy (23,25).

With respect to effect of OCA on plasma zinc, conflicting
data have been reported in the literature (23,25,27). A signific-
ant decrease in plasma zinc as a result of OCA administration was
reported by Halsted et al. (26), Briggs and Briggs (25), and
Schenker et al. (23). O'Leary and Spellacy (27), however, reported
an increase in the mean plasma zinc levels due to OCA. Their
subjects received OCA for only 19 days and the range of normal
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values were very wide (95 to 175 ug%). 1In addition, only 16 OCA
users were used in their study. It is possible that small sample
size and probable contamination problems in sample preparation may
have contributed to their conflicting results,

Our studies indicate a significant decrease in plasma zinc
level but an increase in erythrocyte zinc content as a result of
OCA administration., It is well known that estrogens increase
plasma levels of several proteins such as ceruloplasmin, trans-
ferrin, thyroxine binding globulin and cortisol binding protein
(22,25,28)., 1Inasmuch as over 807 of zinc in the red cells is
bound to carbonic anhydrase apoenzyme, our data would suggest that
synthesis or turnover of this protein may have been enhanced due
to OCA. A similar effect was observed in RP groups, suggesting
that some estrogen effect due to pregnancy may have been present
in these subjects. Further studies are indicated to document a
specific effect of estrogen on carbonic anhydrase turnover rate.

The mechanisms responsible for a decrease in plasma zinc
remain to be elucidated. Several possibilities exist. Decreased
absorption, or increased excretion due to OCA may be responsible
for such effect in the plasma. A redistribution of zinc between
plasma and red cell pool should also be considered as another pos-
sible explanation. We have observed a decrease in serum albumin
in OCA users. This protein is a major carrier for zinc (29); thus
a decrease in plasma zinc may be related to a decrease in serum
albumin levels. Another possibility is that serum albumin may
have decreased in subjects using OCA due to a zinc deficient state
per se as reported by Ronaghy et al. (30). At this stage, however,
one cannot establish zinc deficiency in such subjects by plasma
zinc level alone.

Gal et al. (31) reported a significant increase in vitamin A
level in the serum of patients using OCA as compared to their
controls. Serum carotene level, on the other hand, showed a
decrease in oral contraceptive groups in comparison to the controls
when the serum sample was obtained between 18 to 21 days of the
menstrual cycle. Our results are similar to those of Gal et al.
(31). Yeung and Gillis (32), however, reported that although
plasma vitamin A level may be increased as a result of the use of
oral contraceptive agents, in experimental animals, the liver
content of vitamin A is decreased. Laurell (33) has reported that
a specific g-globulin responsible for binding vitamin A may be
increased in the plasma thus accounting for an increase in plasma
vitamin A level. These results suggest that OCA effects mobil-
ization and redistribution of tissue vitamin A stores and indeed
the possibility that the vitamin A requirement may actually be
increased due to OCA, must be considered. Lowered levels of
plasma carotene in OCA groups remains essentially unexplained.
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Decreased ascorbic acid levels in platelets and leukocytes of
women using OCA have been reported by some investigators (34,35).
Rivers and Devine (36) observed a decrease in plasma ascorbic acid
level in four women using OCA. The lower levels and higher rate
of metabolism of ascorbic acid in the plasma, leukocytes and
platelets of women taking OCA may relate to their increased serum
copper levels., Estrogens and OCA increase serum levels of copper
and ceruloplasmin, the protein which transports copper. Cerulo-
plasmin catalyzes the oxidation of ascorbic acid in vitro; thus,
it may participate in lowering ascorbic acid level in the plasma
and tissues (37). In experimental animals, the lowered plasma
ascorbic acid level is believed to be due to estrogens (38).

We were unable to document any change in plasma ascorbate
level due to OCA. Further studies are needed in order to determine
whether or not ascorbate level in the tissues is being affected in
OCA users.

Most investigators believe that the requirement for vitamin
Bg is increased by estrogens (39,40,41). The estrogen effects in
vitamin By metabolism appear to occur in two ways. Firstly,
estrogen increases circulating levels of cortisol which in turn
increases the activity of tryptophan oxygenase (42). This enzyme
is rate limiting in the pathway by which tryptophan is converted
to niacin., Some of the enzymes in this pathway require vitamin Bg
as co-enzymes, so that the requirement of vitamin Bg is enhanced.
Secondly, the metabolic products of estrogen and estrogen sulfate
interfere with the binding of Bg co-enzymes to Bg dependent
enzymes, thus further increasing the requirement of Bg for meta-
bolic purposes.

The reduction in PLP level due to OCA was seen only in the
upper socioeconomic group of subjects in this study. The subjects
in the lower socioeconomic group did not show this effect. The
fact that the reduction in EGOT activities due to OCA was greater
in the lower than the upper socioeconomic group of subjects tended
to support this hypothesis. The activity of EGOT is dependent on
the concentration of the coenzyme, pyridoxal phosphate (PLP).
Addition of PLP to the assay mixture increases the activity of the
EGOT. The activation is related inversely to the concentration of
PLP in the red cells and so may serve as an additional indicator
of vitamin Bg status of the subjects. The percent stimulation of
EGOT was higher in the OCA and RP subjects in both socioeconomic
groups in our study, suggesting a relative deficiency of the
vitamin in these subjects. This may indicate that the EGOT stimu-
lation test is a more sensitive index of alterations in vitamin Bg
status than plasma PLP or EGOT.

Folic acid metabolism is altered by orally administered
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estrogen but the nature and significance of this alteration is not
clear. Several isolated cases of OCA users evidencing clinical
signs of folate deficiency have been described (43,44,45,46). 1In
all these cases, the dietary intake has been adequate to good and
generally the women were considered to be healthy. Masked mal-
absorption or occult malabsorption has been implicated as the
underlying cause for the folic acid deficiency and severe megalo-
blastic anemia in some cases.

Conflicting data have been published with respect to serum
folate levels in OCA users. However, the majority of reports indi-
cate a decrease in serum folate at least in some of the subjects
using OCA (47,48,49). Reduction of red cell folate and elevation
of FIGLU excretion following histidine loading has been observed
in OCA users (50). These abnormalities are corrected following
folic acid supplementation.

Streiff (51) and Necheles and Snyder (52) suggested an oral
estrogen induced impairment in the hydrolyzation of the complex
folic acid polyglutamate which leads to poor absorption of dietary
folate, Later studies of Stephens et al. (53) and Shojania et al.
(54), however, indicated that the absorption of the polyglutamate
form of folic acid may not be impaired but that folate metabolism
is significantly altered in OCA users. According to Stephens et
al. (53), the absorption of the polyglutamic acid was similar to
that of monoglutamic folic acid in OCA users provided that these
subjects were saturated with folic acid prior to the study. These
results suggest an alteration in the rate of folic acid uptake or
metabolism by the tissues. 1In experimental animals, oral sex
hormones increase the activities of intestinal enzymes involved in
folate metabolism, suggesting that estrogens may increase the rate
of metabolism of folic acid and its metabolites by the intestine.
The most significant result of the modified folic acid metabolism
of women taking OCA may be the possible depletion of body stores
of folic acid. Since many of the women discontinue OCA to con-
ceive, Pritchard et al. (55) have suggested that the women becoming
pregnant soon after discontinuing the pill, may have a high chance
of developing folic acid deficiency during pregnancy.

Recently, a protein which binds unreduced folates and
dihydrofolate (FH) has been identified in leukocyte lysates and
serum from some women taking OCA (56). It has been suggested that
with inadequate or marginal intake of folate, the hormonal induction
of this protein may contribute to megaloblastosis by sequestering
dihydrofolate, and intermediary folate co-enzyme in DNA-thymine
synthesis,

In the lower socioeconomic group, both the plasma and red cell
folate were lower than the upper socioeconomic group of subjects,
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indicating that this population may be marginally deficient in
folic acid. Our results show a definite lowering effect of OCA on
red cell and serum folate in subjects of upper socioeconomic level.
This was not seen in the lower socioeconomic group.

In our study, groups of subjects resuming the pill after preg-
nancy (A-RP and B-RP) demonstrated mainly the effects of pregnancy
inasmuch as they resumed OCA within 5 weeks postpartum and their
blood was sampled at first visit after starting the pill. Our
data indicate that the A-RP group was relatively deficient in
vitamin Bg but adequate in folic acid, suggesting that nutritional
intake of Bg was inadequate in this group.

Impairment of glucose tolerance was an important abnormality
found in some OCA users which may be related to vitamin Bg defici-
ency. Increased resistance to insulin by peripheral tissues, such
as parametrial adipose tissues and diaphragm muscle, in vitro and
in vivo was found to be responsible for the impairment of glucose
tolerance in experimental animals treated with 0CA (57,58).
Murikami (59) suggested that xanthurenic acid is capable of complex-
ing with insulin thereby reducing its biological activity. A
significant reduction in biological activity of the insulin in the
complex was observed by means of rat diaphragm and epididymal fat
pad bioassays (59), and a 50% reduction in the hypoglycemic effect
of the insulin complex was observed when injected into dogs and
rabbits (60,61). Indeed, a small group of women whose carbohydrate
tolerance had become impaired while taking OCA improved after
vitamin Bg administration (62). Several investigators have sug-
gested that large doses of vitamin Bg should be added to OCA
indiscriminately. However, Adams et al. (63) indicated that the
administration of co-enzyme may increase apo-enzyme synthesis and
this may enhance the plasma amino acid lowering effect of OCA,
which may have an untoward effect in communities where protein
malnutrition exists. At present, it would appear that the idea of
supplementation of Bg should be approached cautiously since the
long term effect of such therapy is uncertain.

In this study, changes due to OCA with respect to thiamin,
riboflavin, folate and PLP, were seen mainly in subjects of upper
socioeconomic level only. The subjects in the lower socioeconomic
level did not show this effect. This may have been due to the
fact that subjects in lower socioeconomic groups were already
marginally deficient with respect to these micronutrients, as
suggested by our data, and as such further small alterations due
to OCA may not have been detected in this study. Although an
effect of OCA on the levels of thiamin, riboflavin, By and folate
was observed in subjects of the upper socioeconomic group, the
clinical significance of this observation is not clear. Further
studies are needed in order to define the clinical significance of
these changes.
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SUMMARY

Clinical, biochemical, and nutritional data were collected
from a large population of women using oral contraceptive agents
(OCA). Subjects on OCA used either "Norinyl'" (1 mg norethindrone
and 50 ug mestranol) or "Ovral" (0.5 mg norgestrel and 5 ug of
ethinly estradiol). A higher prevalence of abnormal clinical signs
related to malnutrition was observed in the lower (B) as compared
to the higher (A) socioeconomic groups, and also in the non-
supplemented (NS) groups as compared to the supplemented (S) groups
in the B subjects. 1In the A groups, a higher prevalence of abnormal
clinical signs was seen in OCA users than in the controls.

In general, the intake of OCA subjects for calories, protein,
calcium, magnesium, iron, copper, and zinc did not differ from the
controls. The intake of the above nutrients in group A subjects
was higher than that of group B except for calories. The subjects
who took supplements had higher intakes of calcium, iron, magnesium
and copper.

As a rule, the OCA subjects' intake of Vitamin A, C, Bg and
folic acid did not differ from that of the controls. As expected,
subjects from the supplemented (S) groups had higher intake of
vitamin A, C, Bg, thiamin, riboflavin, and folic acid, and A groups
had higher intake of vitamin C, Bg, riboflavin and folic acid.

In group A higher intake of vitamin Bg and folic acid was observed
in subjects resuming the pill as compared to the subjects using
OCA.

No effect of OCA was seen on hemoglobin, hematocrit and
erythrocyte count. Serum iron was increased due to "Norinyl".
Total iron binding capacity (TIBC) was increased as a result of
OCA administration. TIBC values were higher in group B as compared
to group A and in the non-supplemented as compared to the supple-
mented groups. Plasma copper was increased and plasma zinc was
decreased as a result of OCA administration. An increase in
erythrocyte zinc was observed due to '"Norinyl". No effect of OCA
on plasma calcium, magnesium and erythrocyte magnesium was observed.
Although no effect of OCA on plasma total protein was found, serum
albumin was decreased.

Increased plasma vitamin A and decreased carotene levels were
observed in OCA users. In general, OCA had little or no effect on
plasma ascorbic acid. Urinary excretion of both thiamin and ribo-
flavin in group A subjects using OCA were lower than the controls.
Plasma PLP, red cell and serum folate were lower in OCA subjects
in group A as compared to the controls. Reduction in EGOT activity
and elevation in the EGOT stimulation test were observed in OCA
subjects in both groups (A and B). These observations suggest a
relative deficient state with respect to Bg and folic acid in OCA
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users. No significant effect on serum vitamin Bjy was observed as
a result of OCA administration.
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NUTRITION, FERTILITY AND INFANT MORTALITY
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The papers in this section review both historical records as
well as recent studies which highlight how malnutrition, specifical-
ly maternal malnutrition, may depress reproductive performance in
human populations. In these reports attention is focused particu-
larly on nutrition and its effect on the reproductive life span,
on fecundibility, and on survival of the offspring.

The paper by Frisch provides the broadest overview of the
potential relationship between nutrition and reproductive perform-
ance. She suggests that undernutrition has been a major determining
factor in holding down the fertility of poor couples in historical
populations as well as in developing countries far below the
"human maximum." In this context, it is important to note that
Frisch uses as her frame of reference for a healthy well-nourished
population the Hutterite women whose completed fertility averaged
ten to twelve children. This she contrasts with the more commonly
observed completed fertility of six to seven children seen in many
historical populations as well as in developing countries.

The clearest and best documented relationship of nutrition
to a reproductive variable (other than mortality) is the relation-
ship with age at menarche. Frisch summarizes in detail the
extensive work in this area and her own hypothesis about fatness
as the determinant of this relationship. Unanswered is the
question of the nature of the hormonal signals precipitating
menarche and how they are altered by nutritional status. Nutrition
may also affect menopause, although the data are very deficient on
this point.
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Frisch enters into more speculative areas in searching for
data to support the hypothesis that malnutrition reduces reproduc-
tive performance, particularly fecundity, within the child-
bearing years. While it is clear that severe starvation and famine
have a profound effect on reproduction in populations, as the next
paper by Stein and Susser shows, the evidence that chronic mal-
nutrition alters fecundity is much less clear. Frisch has proposed,
for example, that menstrual cycles stop with the weight loss or
energy drain of lactation (see Frisch Figure 1), although there is
no direct evidence supporting this view. 1In fact, the studies by
Chowdhury, by Delgado, et al., and by Carael reported elsewhere in
this volume provide rather strong evidence against maternal mal-
nutrition (as measured by body weight) being a major determinant
of the duration of lactational amenorrhea.

In searching for medical or biological explanations for
fertility in nineteenth century Europe being below the Hutterite
level, Frisch provides an interesting review of the historical
medical literature on this topic. She finds among the numerous
clinical descriptions and anecdotal accounts by physicians and
other observers reports such as "about a quarter of the working
women in mills suffered from either retarded or suppressed menses’
and "about half of all married women between the ages of twenty
and forty-five years were reported to have diseases of the uterus
which included amenorrhea.'" "Causes' of amenorrhea in these
reports range from poor diet, disease, and anaemia, to unsuitable
employment, and cold and damp. It is difficult to know how these
accounts, many of which are based on physicians' experiences with
sick women, can be related to the health conditions and thus the
reproductive performance of the general population.

Interpretation of these historical accounts is also diffi-
cult because of problems in terminology. For example, in one study
cited by Frisch '"absolute sterility" is referred to as no children
by three years after marriage. In the study cited in Edinburgh in
the late 19th century, the level is reported to be 15 percent.
This figure, however, is almost uninterpretable unless one knows
the age of marriage and cohabitation patterns and contraceptive
practice in the early years of marriage. For example, in Bangladesh,
a poorly nourished population where there is no contraception but
marriage is close to menarche, the first birth may be delayed
beyond three years in more than 40 percent of the couples due to
adolescent subfecundity, although less than 5 percent of women
are ultimately childless at the end of their reproductive years.
Given these considerations, it is not appropriate to contrast the
Edinburgh experience in the last century with the 2 percent inci-
dence of "absolute sterility" reported for the modern Hutterite wife.

In searching for data on the length of the birth interval, the
only data Frisch refers to in her historical review is the report
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from a publication in 1851 which notes that the average birth
interval for "working and lower middle class women" was about 20
to 24 months. This is impressively short since it is equivalent
to a marital fertility rate averaging 500 to 600 births per
thousand women per year. This actually suggests that there was
no detrimental effect of malnutrition for these women since this
is virtually the level of Hutterite fertility. Frisch's paper is
useful because it does lead to hypotheses that can be tested. At
the same time, it illustrates many of the problems of attempting
to relate nutritional data to reproductive performance. Human
reproduction is strongly influenced by both social as well as bio-
logical factors and, as the conceptual framework presented in the
first chapter illustrates, these factors can act through the same
basic mechanisms to alter the reproductive life span, fecundity,
pregnancy outcome, and lactational amenorrhea.

While it may be true that "hard physical work and poor living
conditions can explain the relatively small completed family size
of the lower socio-economic classes in about 1850-1860 in Britain,"
it is not at all clear from the data available that: this is largely
due to biological constraints on the capacity to reproduce. More
data is required not only on factors such as age of marriage,
breast-feeding patterns, and practice of contraception within mar-
riage but also on the suppression of fertility due to involuntary
separation of spouses due to working conditions or diseases, as
well as separation and divorce due to social disorganization and
even the unreported practice of abortion and infanticide. Defini-
tive answers to these questions are not likely to come from
further review of the historical records; thus the search for
evidence on the effects of nutrition on fertility will have to be
from modern day experience in the developing world.

The paper by Stein and Susser is also a review of historical
records but of a much more dramatic event: the 1944-45 Dutch famine
occurring in World War II. This famine was associated, after a
nine month lag, with a sharp decline in fertility. With the libera-
tion of the famine affected cities there was a rapid recovery in
fertility with a rebound phenomena. The primary effect of the
famine was to reduce conception rates; there was no clear evidence
of a rise in fetal deaths. A social class difference in fertility
decline suggested that the upper classes were less subjected to
the effects of food restriction. The dramatic decline in fertility
with the famine as well as the sharp rise following availability of
food suggests that psychological as well as physiological factors
were playing a role in suppressing the conception rate.

While the effects of famine on fertility are dramatic, it is
not clear how these observations are helpful in elucidating how
chronic malnutrition, such as seen in many developing countries,
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may affect fertility. This is because a famine represents an
acute social and psychological as well as physiological insult on
a population, whereas many adaptive mechanisms have evolved in
populations with chronic malnutrition.

The effect of malnutrition on overall mortality, particularly
infant and child mortality, is well established as a major factor
in influencing the dynamics of population growth, This topic is
not reviewed in depth at this Conference. The paper by Lechtig,
et al., does explore in some depth, however, the particular rela-
tionship between maternal nutrition and infant mortality. Their
review of the literature as well as the analysis of a recent study
by INCAP in Guatemala provides convincing evidence that matermal
malputrition has an adverse effect on infant survival. Of
particular interest is the evidence that both the short and long
term nutritional status of the mother are independently related to
infant mortality. The authors note that the general relationship
of low socio-economic status with high infant mortality appears
to work in large measure through maternal malnutrition and illness
which leads to the delivery of poorly viable infants. 1In their
conclusion they translate these observations into a proposal for
an integrated effort which not only tackles nutrition and health
problems but also the social and economic context in which they
occur,



NUTRITION, FATNESS AND FERTILITY: THE EFFECT OF FOOD INTAKE

ON REPRODUCTIVE ABILITY

Rose E. Frisch
Harvard University

Cambridge, Massachusetts

INTRODUCTION

"Tell me what you eat, and I will tell you what you are."
Brillat-Savarin's aphorism (1) can be expanded to: 'Tell me what
you eat, and I will also tell you how well you reproduce." Recent
findings that the onset and maintenance of regular menstrual func-
tion in the human female are each dependent on the maintenance of
a minimum weight for height, apparently representing a critical
fat storage (2), imply that a particular body composition of rela-
tive fatness, (fat/lean ratio, or fat/body weight) may be an
important determinant for human female reproductive ability (3-6).

A woman who loses about 10 to 15 percent of her body weight
loses about a third of her body fat and becomes amenorrheic (2,3).
An excess of body fat also affects menstrual function, since very
obese women are amenorrheic or have irregular cycles (3). Too
little fat, or too much fat therefore is associated with a disrup-
tion of female reproductive ability (3,6). This paper will discuss
the limiting effects of undernutrition and high energy requiring
activities, such as hard physical work and lactation on reproduc-
tive ability (2,7,8).

Charles Darwin described this common sense relationship
between food supplies and fertility, observing that: 1) domestic
animals, which have regular, plentiful food without working to get
it are more fertile than the corresponding wild animals; 2) "Hard
living retards the period at which animals conceive;" 3) the amount
of food affects the fertility of the same individual (9); and 4)

It is difficult to fatten a cow which is lactating (10). All of
Darwin's dicta apply to human beings, as I will show.

9N
W. H. Mosley (ed.), Nutrition and Human Reproduction
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NUTRITION AND VARIATION IN NATURAL FERTILITY

In many historical populations, poor couples living together
to the end of their reproductive lives had only 6 to 7 living
births (11,12)., Most poor couples in many developing countries
today also only have 6 to 7 living births during their reproductive
lifespan (13,14). Six children per couple today results in a very
rapid rate of population growth because of decreased mortality
rates, resulting from the introduction of modern public health
procedures. However, 6 or 7 births is far below the human maximum
of 11 or 12 children found among non-contracepting, well nourished
peoples such as the Hutterites (15,16).

The usual explanation of the lower than maximum fertility
observed in both historical and contempaorary societies is that it
is due to the use of "folk" methods of contraception, abortion, or
venereal disease, in combination with social customs which can
affect fertility, such as late age of marriage, or a taboo on
intercourse during lactation (11,15,17). Because food intake can
directly affect fecundity, undernutrition is an alternate explana-
tion of the observed sub-maximum fertility (8). Undernutrition,
of course, may also interact with social customs which affect the
degree of exposure to risk of pregnancy in a particular society.

Differences in natural fertility have been recognized and
explained by differences in length of birth intervals (18) or by
variation in general health and food intake without specification
of the mechanism. Carr-Saunders (20) gives many examples from
hunting and fishing societies to show that poor living conditions
limit human fecundity and better conditions increase human fecund-
ity. Recognizing the general principle for all species, he states:

",... fecundity has been spoken of as if it was fixed at

a certain strength for each species. As a matter of fact,
it varies within fairly wide limits =~ increasing with
better conditions. In this fact lies the explanation of
the increase of species under favorable conditions which
has often been observed, although when conditions are less
favourable, there is little or no evidence of starvation
among such species."

Mauldin (21) cites data of Mahalanobis and others which
suggest that low levels of fertility at certain periods of Indian
history may have been due to impaired fecundity because of low
levels of consumption. Gopalan and Naidu (22) relate malnutrition
and relatively low fertility in India, Chen et al. (14) show from
a prospective study that fertility in Bangladesh varied in correla-
tion with the food supply in an essentially non-contracepting
population. Finally, there is evidence that the fertility of the
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well nourished, non-contracepting Hutterites increased from 1880
to 1950, in association with an increased standard of living (16).

This paper presents: first, the biological basis for a direct
nutritional effect on fecundity and, hence, fertility; second,
historical data on reproduction growth and food intake in support
of the hypothesis that subfecundity due to undernutrition and hard
living was the main reason why poor married couples in mid-19th
century Britain had 6 or 7 children instead of 10 or 12 (8).

FOOD INTAKE AND THE REPRODUCTIVE LIFESPAN

Undernutrition affects reproductive ability by shortening the
duration of the reproductive lifespan and by reducing its efficiency
(Figure 1) (7,8). The undernourished female has menarche later
and menopause earlier than does a well nourished female. The under-
nourished female has a high frequency of irregular and anmovulatory
cycles, which stop completely (amenorrhea) if undernutrtion is
severe. During pregnancy, an underfed woman has a higher proba-
bility of a miscarriage and of a stillbirth (pregnancy wastage).

If she delivers an infant successfully, her lactational amenorrhea
may be longer after parturition than that of a well nourished
woman, resulting in longer birth intervals than that of a well
nourished woman (7,8,14).

In the adult male, severe undernutrition results in loss of
libido, decreased prostate fluid, decreased sperm number, the loss
of sperm mobility, and eventually the cessation of sperm production,
in that order (23,24). Undernutrition also delays the onset of
sexual maturation in boys (25,26), similar to the effect of under-
nutrition on menarche (8,27). Male fecundity declines with age
(23), similar to the female, and this decline may be more rapid
with undernutrition, as it is in the female (8).

These direct effects of undernutrition result, in turn, from
the physiological basis of reproductive ability (Figures 1 and 2).

The Physiological Basis of Reproductive Ability

The idea that relative fatness is important for female repro-
ductive ability follows from earlier findings that menarche is
closely related to a critical body weight (28,29), which represents
a critical fat/lean ratio, or fat/body weight percentage (4,5).
These findings, both on weight and body composition, are in accord
with the data at puberty for other mammals (30), including pigs
(31,32), cattle (32), and the rat (33-35).
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The initial finding from longitudinal growth data of United
States girls was that the mean weight at menarche (about 47 kg)

did not differ significantly for early and late maturing girls,
whereas their mean height at each of these events increased signi-
ficantly with the age of the event (28,29). These results accounted
for the many observations in the literature that early maturers

have more weight for height than do late maturers.

Even before taking the next step of the meaning of the
critical weight for an individual girl, the idea that menarche is
associated with a critical weight for a population explained simply
many observations associated with early or late menarche. Observa-
tions of earlier menarche are associated with attaining the critical
weight more quickly. The most important example is the secular
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Figure 1. The biological determinants of female reproductive
ability. Each reproductive milestone can be affected by environ-
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The maintenance of regular ovulatory

cycles is related to a minimum level of fat storage and is thus
directly affected by undernutrition and energy-draining activities

such as lactation.

Social Biology.

Reprinted from Frisch (7) with permission from
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trend to an earlier menarche of about 3 or 4 months per decade in
Europe in the last one hundred years. Our explanation, supported
by historical data, was that children now are bigger sooner (27-29).
Therefore, girls on the average reach 46-47 kg, the mean weight at
menarche of United States and many European populations, more
quickly. According to our hypothesis also, the secular trend
should end when the weight of children of successive cohorts
remains the same because of the attaimment of maximum nutrition

and child care, which now may have happened (27-29).

Conversely, a late menarche is associated with body weight
growth that is slower prenatally, postnatally, or both, so that
the average critical weight is reached at a later age: malnutrition
delays menarche (27); twins have later menarche than singletons of
the same population, and high altitude delays menarche (29).

The hypothetical mechanism we suggested, based on Kennedy's
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Table 1

Total Water (IW)/Body Weight (BWt) Percent
as an Index of Fatness

Female Male
Weight (kg) 65 65
Total Water (liters) 33 40
Lean BWt (kg) (TW/0.72) 46 56
Fat (kg) 19 9
Fat/BWt % 29 14
TW/BWE % 51 62

Fat/Bodv Wt % = 100 - TW/BWE %
2t/Body 0.72

(33) for the rat, was that the critical weight, which later analysis
showed to represent a critical fatness level, represents a particu-
lar metabolic rate, which would be signaled to the hypothalamus.

The hypothalamus then becomes less sensitive to gonadotropins, and
the gonadostat is thus reset at a higher level. This early crude
mechanism has been refined in terms of our later findings both in
the human female (6) and the rat (34,35).

Components of Weight at Menarche

The variability of the mean weight at menarche, 47.8 + 0.51 kg,
was large; the standard deviation was 6.9 kg (29). In order to
make the notion of a critical weight meaningful for an individual
girl, we analyzed the components of the weight for each girl (5).

Body weight is considered a reasonably good measure of meta-
bolism, but total body water (TW) and lean body weight (IBW=TW/
0.72), are more closely correlated with metabolic rate than is
body weight, since they represent the metabolic mass, as a first
approximation (5). These components and fat (body weight minus
IBW) were calculated for each girl at menarche and at the initia-
tion of the spurt, using the equations of Mellits and Cheek (36)
from deuterium oxide measurements, and also those of Moore et al.
(37) for comparison.

The greatest change in body composition of both early and late
maturing girls during the adolescent growth spurt up to menarche
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Table 2

Height, Weight, Total Water/Body Weight (IW/BW) Percent,
Lean Body Weight (IBW), Fat, Fat/Body Weight Percent,
and Ratio of IBW to Fat of Girls Grouped by
Height at Menarche

All Ages of Menarche
Fat/ Ratio

Height Body LBW
Category Height Weight TW/BWt IBW Fat Weight to
(cm) No. (cm) (kg) % (kg) (kg) % Fat
<152.0 25 147.8 40.2 56.3 31.4 8.9 21.8 3.5:1
SD 3.6 3.5 2.4 1.7 2.0 3.3
152.1- 58 155.1 46.9 54.7 35.2 11.6 24.6 3.0:1
158.0 Sh 1.8 6.6 4.2 2.4 4.3 5.8
158.1- 64 161.0 49.5 54.8 37.5 12.1 23.8 3.1:1
164.0 SO 1.5 6.0 3.7 2.2 3.8 4.6
>164.1 34 167.4 51.9 55.3 39.7 12.3 23.2 3.2:1
SD 3.4 5.7 3.2 2.3 3.7 4.4
All
Subjects 181 158.5 47.8 55.1 36.3 11.5 23.5 3.2:1
SD 6.5 6.9 3.6 3.4 3.9 4.8

is a 120% increase in body fat, from about 5 kg to 11 kg; lean
body weight (LBW), in contrast, increases only about 44%. The
ratio of IBW to fat thus changes from 5:1 at initiation of the
spurt to 3:1 at menarche. A fall in metabolic rate/kg body weight
would be expected from this change in body composition (4,5,38).

A Fatness Index: Total Water as Percent of Body Weight

Total body water as percent of body weight (IW/BWt %) is a
more important index than the absolute amount of total water
because it is an index of fatness (39) as shown by Table 1. When
girls are grouped by height at menarche rather than by age at
menarche, the shortest, lightest girls and the tallest, heaviest
girls differ in height by about 20 cm and in weight by about 12 kg.
But these two extreme groups have the same relative fatmess, as
shown by their similar percentages of total water/body weight,
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56.3 + 0.5 %, and 55.3 + 0.5 %, respectively. Both these values
are similar to the mean for all subjects, 55.1 + 0.3 % (Table 2).

Although the shortest, lightest girls at menarche have a
smaller absolute amount of fat, 8.9 + 0.4 kg, compared to that of
the tallest, heaviest girls, 12.3 + 0.6 kg (the mean for all sub-
jects is 11.5 + 0.3 kg), both extreme groups have about 229 of
their body weight as fat at menarche as do all subjects, and the
ratio of lean body weight to fat of both groups is in the range of
3.1, as it is in all subjects (4,5,30,38) (Table 2).

Prediction of Menarche from the Fatness Index

Quartiles of total water/body weight percent are essentially
quartiles of fatness. Of the 169 girls who could be followed from
spurt initiation to menarche, 827% remained in the same quartiles
of total water/body weight percent from initiation to menarche,
compared to only 47% remaining in the same quartiles of weight, and
only 39% remaining in the same quartiles of total body water. This
finding gave a method of prediction of age of menarche from the
height and weight of a premenarcheal girl at each age from 9 to 13
years (40). At each age, prediction of age of menarche was better
for the heavier girls, who are found in the lowest total water/
body weight quartiles (inversely to the weight quartiles) than for
the lighter weight girls. This was because of an exceptional group
of early maturing girls (9.5% of all subjects) who were very short
and light weight at menarche (mean height 148.6 + 0.6 cm; mean
weight 40.9 + 0.8 kg). Normally at menarche the short girls have
more weight for their height than do tall girls. The small number
of short, light, later maturing girls (4.4% of all subjects) were
also exceptional, since late maturers at menarche are usually
taller than early maturers. Both groups of short girls had less
absolute fat than the average girl at menarche, but their relative
fatness, about 227, was in the normal range at menarche (40).

The short, light, early girls might be the equivalent of the
meat type now being sought by sheep breeders: fast growing, early
maturers with a small leg joint and not too heavily marbled with
fat (30).

Fatness as a Determinant of Minimal Weights for Menstrual Cycles

The total water/body weight percent data of each of the same
181 girls followed from menarche to the completion of growth at
ages 16-18 years provided a method of determining a minimal weight
for height necessary for the onset of menstrual cycles (menarche)
in primary amenorrhea and for the restoration of menstrual cycles
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in cases of secondary amenorrhea, when the amenorrhea is due to
undernourishment (2).

Patients with amenorrhea due to weight loss, other possible
causes having been excluded, were studied in relation to the
weights indicated by the diagonal percentile lines of total water/
body weight percent in Figures 3 and 4., We found that 56.1 per-
cent of total water/body weight percent, the 10th percentile at
age 18 years, which is equivalent to about 227 fat of body weight,
indicates a minimal weight for height necessary for the restoration
and maintenance of menstrual cycles. For example, a 20 year old
woman whose height is 160 cm should weigh at least 46.3 kg before
menstrual cycles would be expected to resume.

The weights at which menstrual cycles ceased or resumed in
post-menarcheal patients ages 16 and older (Figure 4) are about 10
percent heavier than the minimal weights for the same height
observed at menarche (Figure 3).

In accord with this finding, the body composition data show
that both early and late maturing girls gain an average of 4.5 kg
of fat from menarche to age 18 years. Almost all of this gain is
achieved by age 16 years, when mean fat is 16.0 + 0.3 kg, 28 per-
cent of the mean body weight of 57.1 + 0.6 kg. Reflectlng this
increase in fatness, the total water/body weight percent decreases
from 55.1 + 0.2 percent at menarche (12.9 + 0.1 years) to 52.1 +
0.2 percent (S.D. 3.0) at age 18 years (3).

Because girls are less fat at menarche than when they achieve
stable reproductive ability, the minimal weight for height for the
onset of menstrual cycles in cases of primary amenorrhea due to
undernutrition is indicated by the 10th percentile of fractional
body water at menarche, 59.8 percent, which is equivalent to about
17 percent fat of body weight (2) (Figure 3).

The absolute and relative increase in fatness from menarche to
age 16 to 18 years is of special interest because this interval

coincides with the period of adolescent sterility. During this
time there is rapid growth of the uterus and the ovaries (3).

Reproductive Efficiency and Stored Energy

The weight changes associated with the cessation and restora-
tion of menstrual cycles are in the range of 10 to 15 percent of
body weight. Weight loss or gain of this magnitude is mainly loss
or gain of fat. This finding suggested that a minimum level of
stored, easily mobilized energy is necessary for ovulation and
menstrual cycles in the human female (2,7). The main function of
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Figure 3. The minimal weight necessary for a particular height for
onset of menstrual cycles is indicated on the weight scale by the
10th percentile diagonal line of total water/body weight percent,
59.8% (equivalent to about 17% fat of body weight), as it crosses
the vertical height lines. Height growth of girls must be com-
pleted or approaching completion. For example, a 15-year old



R. E. FRISCH 101

the 16 kg of fat stored on average by early and late maturing girls
by age 18 years may be to provide easily mobilized energy for a
pregnancy and for lactation; the 144,000 calories would be suffici-
ent for a pregnancy and 3 months' lactation (38). The human brain,
it should be noted, grows most rapidly during the last trimester of
pregnancy and the first months after birth (41).

Irrespective of any causal relationship, the weight dependency
of menarche in human beings, as in animals, operates as a '"compensa-
tory mechanism'" for both envirommental and genetic variation. The
result is a reduction in the variability of body size at sexual
maturity, and, therefore, a reduction in the variability of adult
body size. As in many other animals, human body size at sexual
maturity is close to adult size; weight and height at menarche are
85% and 967 of adult weight and height, respectively. The regula-
tion of female body size has obvious selective advantages for the
species since birth weight is correlated with the pregnancy weight
of the mother, and infant survival is correlated with birth weight
(27,38).

An example of the uniformity of adult weight and height in
well fed populations is the similarity of the weights termed "under-
weight" for height in a large sample of normal American women given
by Sargent (42) and the minimal weights for height given by Frisch
and McArthur (2) in Figure 4 (Table 3) for the restoration of
menstrual cycles.

Different racial groups have different critical weights at
menarche (25,38). Matsumoto et al. (43) give 44 kg for the weight
of Japanese girls at menarche. These authors also note that the
mean weight at menarche did not differ between early and late
maturing Japanese girls. We do not know as yet whether the differ-
ent critical weights at menarche of other racial groups represent
the same or different body compositions of fatness (38).

Other factors, such as emotional stress, affect the maintenance
or onset of menstrual cycles in human beings. Therefore, menstrual
cycles may cease without weight loss and may not resume in some
subjects even though the minimum required weight is attained (2).

girl whose completed height is 160 cm (63 inches) should weigh at
least 41.4 kg (91 1lbs.) before menstrual cycles can be expected to
start. Symbols are the height and weight at menarche of 181 girls
from three longitudinal growth studies (28,29). Reprinted from
Frisch and McArthur (2) with permission from Science.
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Table 3

Comparison of Minimum Weight for Height for Maintenance of
Menstrual Cycles from Frisch, R. E. and McArthur, J. W.
(Science 185: 949, 1974) and "Underweight", Weight for
Height Classification by Sargent, D. M. (Am., J. Clin.
Nutr. 13: 318, 1963). Also, Frisch and McArthur,
50th Percentile, and Sargent, '"Normal,
Weight for Height

Frisch- Frisch-

McArthur Classified McArthur Classified

Minimum "Underweight"  50th "Normal"

Height Weight by Sargent Percentile by Sargent

cm kg kg kg kg
146 39.4 39.2 45.2 46.1
148 40.4 40.0 46.4 47.1
150 41.4 40.9 47.5 48.1
152 42,4 41.8 48.7 49.2
154 43.4 42,7 49,8 50.3
156 44,4 43.7 51.0 51.4
158 45.4 44.6 52.1 52.5
160 46,4 45.6 53.3 53.6
162 47.4 46.6 54.4 54.8
164 48.4 47.6 55.6 56.0
166 49,4 48.6 56.7 57.2
168 50.4 49.7 57.8 58.5
170 51.3 50.8 59.0 59.8
172 52.3 51.9 60.1 61.1
174 53.3 53.0 61.3 62.4
176 54.3 54,2 62.4 63.8
178 55.3 55.4 63.6 65.2
180 56.3 56.6 64.7 66.6

weight percent, 56.1 percent (equivalent to about 22% fat of body
weight) as it crosses the vertical height line. For example, a 20
year old woman whose height is 160 cm should weigh at least 46.3
kg (102 1b.,) before menstrual cycles would be expected to resume,
® Weights of patients while amenorrheic. Reprinted from Frisch
and McArthur (2) with permission from Science.
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THE VIGOR OR DECREPITUDE OF THE REPRODUCING INDIVIDUAL

The Historical Data

Quantitative interest in the body in relation to nutrition,
growth, and reproductive ability in both sexes was strong in the
nineteenth century, probably inspired by Quetelet's pioneer work
(8). In the earlier Malthusian view, human reproductive power is
an irrepressible force, fulfilling itself regardless of circum-
stance, to be cut down by the positive check of increased mortality,
or held in check by the moral restraint of later marriage (44).

In contrast, the medical and biological literature of 1850-1880
expresses the view that reproductive ability in both sexes is dir-
ectly related to the state of vigor or decrepitude of the repro-
ducing individuals (8). The individual does not reproduce the
species at any cost. Instead, if the choice is individuation
versus genesis, individuation wins. When food supplies are in-
adequate, women and men, like other mammals, are less fecund.
When fool intake is very low, reproduction stops (8,45).

Reproduction Requires Energy: The Historical View

Medical texts up to about 1885 state that "constitutional
reasons for sterility are more important and more prevalent than
sterility due to disease of the organs. It therefore is not always
wise to cure sterility: A sterile woman may be deficient in "repro-
ductive energy;'" if she did not have children there is a high risk
of miscarriage, or of weakly children, or of the death of the
mother (45).

The degree of '"pinquidity" - fatness - was considered import-
ant in relation to sterility (2,3). She's too thin to get pregnant
or to menstruate regularly was a common observation, especially in
association with tuberculosis or chlorosis, a virulent anemia
common among working women, which colored them a sickly green. The
prescription was: ''recover her flesh" by puddings, roast meats, a
good wine, fresh air and sun (8).

"She's too fat to get pregnant,' was also observed (45,46)
(also correctly, since excessive fatness also causes amenorrhea)
(3,6). A light diet and exercise were prescribed (46).

The observation that women often got fatter after menopause
was explained by the fact that a female no longer expended energy
in creating '"that most subtle human extract, the ovum" (47).
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Curves of Reproductive Ability: Age-specific Fertility

The fertility of women gradually increases with age to a climax
and then gradually wanes (Figure 5) (1,15,48), similar to '"the
fertile career of the domestic hen" (Figure 6), as Dr. Duncan
advised the Royal College of Physicians in 1884 (45). Reproductive
errors are more frequent at the beginning and end of reproductive
life, as is found in all animals (48).

Age specific fertility data for the British female in about
1850 show that the fertile career of the mid-nineteenth century
female began with a relatively late menarche at about 15-16 years.
It was already observed that a period of relative infertility, now
termed adolescent sterility or sub-fecundity (49), followed men-
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Figure 5. The mid-nineteenth century curve of female reproductive
ability (variation of the rate of childbearing with age) compared
to that of the well nourished, non-contracepting, modern Hutterites.
Hutterite maximum fertility is taken as 100. The ages of menarche
and adolescent subfecundity of the Hutterite curve are based on
data for contemporary United States girls (3,4,28). The age of
menopause is based on data for contemporary United States women
(61). The mid-nineteenth century maximum level is scaled and
timed according to historical age-specific fertility data (8).

The ages of other reproductive events are based on historical data
(8). The Hutterite fertility schedule results in about 10 to 12
children, depending on age of marriage; the 1850-1870 fertility
schedule in about 6 to 8 children (8,18,48).
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arche, This period lasted until the completion of physical growth
at about age 22 years when 2) the first stage of nubility, the
fitness for procreation, was attained. Then came the rise to the
climax: 3) the age of peak nubility, or best fitness for procreation,
at ages 25 to 29 years. This was the age of full physical vigor
when a woman had the best chance of surviving her first birth. The
curve descended gradually to 4) the age of cessation of childbearing,
at about 40 years, and then to 5) the cessation of menses, the
menopause, at about age 47 years (45,50).

The risk of maternal mortality, infant mortality and congenital
deformities decreased from menarche up to the age of nubility (25
to 29 years) and then increased with the increasing age of the
mother. A "turning-off" period of pre-menopausal sterility between
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Figure 6. The number of eggs laid annually by a hen in 1865 (45).
Dr. J. M. Duncan (45,48) used the 1865 hen's fertile career to
illustrate the importance of nutrition on fertility. Severe under-
feeding and overfeeding reduce egg laying of the hen to zero,
similar to the reduction to zero of the reproductive ability of
other animals, including the human female. Reproductive error, as
shown by the number of "addled eggs" (45, p. 78), is greater at the
beginning and end of the reproductive span for both the hen and
other animals, including the human female (pregnancy wastage).
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the end of childbearing and the ending of menstrual cycles, at about
age 47 years, was noted, analogous to the '"turning-on' period of
adolescent sterility (1,8,48). In the mid-nineteenth century,

these periods were of about equal length, six years (50).

The fertility of women before age 30 years was more than twice
as great as after 30 years (48). Therefore, the age of marriage
could affect subsequent fertility more sharply historically than
in the modern era, when the age-specific fertility curve does not
decline so rapidly (Figure 2) (8).

Reproduction and Physical Growth

Nineteenth century doctors were aware that each reproductive
stage related to physical growth, and the coordinated growth of
the genital organs. If a female, human or cattle, is bred too
young, it is "at the expense" of the completion of normal growth
and may result in both an inferior offspring and the death of the
mother. Duncan studied the age-specific fertility data of Edinburgh
to find the age of reproduction of least risk to the mother. "If
a woman is to multiply and replenish the earth, as married women
ordinarily do, she must survive her first confinement'" (48). This
was not easy in 1850-1860, since the mortality of mothers having
their first child was twice as great as that of all subsequent
births combined (48). The recommended age of marriage of 25 years
for the female was based on the survival rates from the fertility
data, and the data on the late completion of normal growth of the
uterus (about 22 years) (7) and the bony pelvis, at about 25 to 30
years (48). The interest in the changes of dimensions of the
pelvis with age is understandable since the head of the baby often
had to be crushed to save the life of the mother (51). Malforma-

tions of the pelvis were common among poor women because of rickets
(52).

Social Class Differences in Age of Menarche

The average age of menarche in mid-nineteenth century Britain
was 15.5 to 16.5 years; menarcheal age differed by social class,
upper class women having menarche 0.5 to 1 year earlier on average
than working-class women (8,26,48,50). Undernutrition and hard
living were the explanations given for the class differences and
for the great variability in age of menarche, which ranged from 10
to 26 years in the working class. A girl who did not have menarche
by age 17 or 18 years was considered in a weak state of health (50).
Girls who had menarche at 11.5 or 12.5 years were considered to be
cases of precocious puberty (53). (The average age of menarche in
the United States is now about 12.5 to 12.8 years). In accord with
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Frisch and McArthur (2), the heights, weights, and body compositions
of the cases in 1870 of precocious puberty (53) are similar to
those observed at menarche now for normal, contemporary girls.

Norwegian data on changes in menarcheal age from about 1830 to
1930 show the disappearance of class differences in age of menarche
as the average age became earlier, as would be expected with the
gradual equalization of diet and mode of living among the social
classes (26).

Traveling English doctors collected menarcheal data for
foreign populations for comparison with local data. For example,
black slave women in the West Indies, where food was poor and
physical work hard, had menarche at 15.5 to 15.8 years, similar
to the English working class (54).

Evidence for Subfecundity

About a quarter of the women working in the mills suffered
from either ''retarded or suppressed" menses. About half of all
married women between the ages of 20 and 45 years were reported to
have 'diseases of the uterus," which included amenorrhea (50,55).
Leucorrhea, the 'whites," and its cure is a standard topic in
medical texts (55). Prolapsed uterus was another common problem
among women of all social classes (50,56).

The main causes given for amenorrhea were those which "impair
the constitutional tone and impoverish the blood'": poor diet,
disease, particularly tuberculosis and chlorosis (anemia), unsuit-
able employment, and cold and damp. Doctors noted that working
class women were underweight and amenorrheic because of poverty;
upper class women because of their desire to be fashionably thin
(55). Stress ('"violent fits of passion') was also noted as a
cause of amenorrhea (50).

The Incidence of Absolute Sterility

Absolute sterility (no children by three years after marriage)
occurred in 15 percent of the 16,301 married women of ages 15 to
44 years in the Edinburgh study (48). Other English surveys show
about 10 percent sterility (48). Among upper class marriages,
Ansell reports that 8 percent were childless and 7 percent had only
one ¢hild (57). The modern Hutterite wife has a 2 percent incidence
of absolute sterility (58).
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The Length of Birth Intervals

Lactation (nursing) was regarded as the regulator of the birth
interval in the human female (59). The length of the birth interval
in turn determined the ultimate size of the family and the health
of the mother and child (48,59). The average birth interval for
working class and lower middle class women was about 20 to 24
months (59). This and much higher levels (up to 36 months) is
characteristic of underfed women today (14). This time interval
included unsuccessful pregnancies, which averaged about 1.5 for
each woman (48). It was already observed, however, that the birth
interval became longer as the mother became older: fecundity is
proportional to the number of years a woman's age is under 50
(Tait's Law) (60). It was also observed that women "low in fecund-
ity" bred at greater intervals at_all ages, beginning with the first
birth (48,57).

Age of Menopause

The average age of menopause in about 1850 was between 45 and
50 years (45). "Intelligent" women in Manchester and York finished
childbearing at 41.7 years and had menopause at 47.5 years (50).
These ages are considerably earlier than that of present day
Hutterite women, some of whom still have births at ages 45 to 49
years (16,58). The average age of menopause for present day women
is now about 50 years or later (61). The mean age of cessation of
childbearing for Ansell's upper class women was age 38 years (57).
This earlier age than that of lower middle class women may indicate
the use of contraception by the better nourished upper class women.
An alternate explanation is that the age of marriage of upper class
men was so late (age 30) that by the time their wives were age 40
years, frequency of coitus was low (62).

The Average Completed Family Size

The Scottish mothers married at age 25 and living with spouses
to the end of their reproductive lives had about 7 to 8 children.
The fertility of the Scottish women was higher than that of the
English lower socioeconomic class. In St. Georges-in-the-East, a
poor part of London, the average number of children '"consequent of
the prolific marriages'" was 5.3 (48).

Upper class spinsters married to bachelors at a mean age of
25 years and living in fruitful wedlock until the end of the child-
bearing period, had a total of 5.7 children (57).
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Male Reproductive Ability

The historical male curve of reproductive ability is more
speculative than that of the female, but the time of beginning and
the peak are reasonably well estimated from the height data on
peak velocity and completion of growth, and the relation to the
female ages (4,25,26). Routh gives the age of peak fecundity in
males in about 1850 as 31 to 33 years(Figure 7) compared to about
age 26 years for the female (63).

Differential Growth Among the Social Classes

The physical growth and development of the poorer economic
classes differed significantly from that of the upper classes (64-

66) (Figure 8). The growth data show that the well fed and "most
favoured" class (1) were taller and attained final height sooner
than the ill fed and 'least favoured" of the community. Most men
of the lower social classes did not complete growth until ages 23
to 25 years; even upper class men were relatively late, 21 to 23
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Figure 7. Hypothetical curves of male reproductive ability (pro-
creative power) for modern males and males in 1850-1870, based on
ages of peak height velocity, completion of height growth and
hormonal data for modern males and the relation to ages of menarche
of the female in Figure 5. Adapted from Frisch (8).
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years (64) compared to the present age of completion, age 18 to 20
years, for well nourished males (4). Women did not complete height
growth until about age 20-21 years (64), compared to 16-18 years
today (4).
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Figure 8. Body weight by age for British girls of different social
classes in 1876, in 1880, and in 1965. The 1876 and 1880 weights
include indoor clothing and clogs or shoes. The minimum weights
for factory employment (1876) (66) also included clothes, From
Frisch (8). Reprinted with permission from Science, in press, 1977.
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The committee noted the '"check which growth receives as we
descend lower and lower in the social scale" (64). Not surpris-
ingly, children who worked in factories had the slowest growth and
hence latest sexual maturation of any of the groups studied
(Figure 8).

Food Intake by Social Class

One of the reasons physical growth differed so markedly by
social class in the 19th century in Britain was that the quantity
and quality of the diet differed by social class (8). The laboring
class diet (Table 4) was judged "inadequate for health and strength"
(67) up to about 1870 when cheap grain and meat began to arrive in
quantity from the United States (68,69).

Wheat bread was the main constituent of the working class
diet, supplying the major part of the calories and most of the
protein of working class families (Table 4) (67). 1In very poor
families bread was almost the entire diet, supplemented with small
amounts of butter, bacon, cheese and tea (68). Wheat was a symbol
of social status and potatoes were at first resisted, especially by
agricultural workers. However, the potato became increasingly
important in the diet of all working class groups after 1815, when
bread became relatively more expensive (70).

The quality of the diet deteriorated in the middle of the
19th century as white patent flour was substituted for whole wheat
bread, tea for ale, and jam or a little bacon for cheese (68,69).
In Scotland, oatmeal which was cheap and usually eaten with milk,
making a nutritious diet, also began to be replaced with bread and
jam because the working mother did not have time to cook oatmeal.
Broth, another Scotch stable, also took too long to cook. The
economic development of Scotland was therefore accompanied by a
decline in nutrition for the working class (71).

Nutrition varied within the working class family, as well as
between classes. The male breadwinner had a better diet than the
children or the wife, who had the worst diet. If meat was avail-
able, most went to the husband; the wife and children ate the
dripping on bread. After 1840 sugar was cheap and treacle became
a common spread on bread for children. Children might have bread
and treacle twice a day, and perhaps a boiled potato or cabbage
smeared with bacon fat. Sunday dinner was the best meal, especi-
ally in the towns where fried fish, black pudding or sheeps'
trotters were available. 1In rural areas milk was used freely for
tea, but in towns the whole supply of milk per family was only one-
fourth to one-half pint daily (67). Working class infants were
often fed on 'sops," (bread, water and sugar) especially if the
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mother worked away from home. Upper class infants were usually
nursed. If a mother could not nurse, a wet nurse who "was and is
well-fed" was recommended. Upper class infants were weaned onto
milk and other high quality protein foods (67).

The middle and upper socioeconomic classes in Britain ate more
meat and other varied foods and less bread than the working class.
The adults and older youth ate much as well-off people do today,
with perhaps more little meals of bread, butter, and milk. Eggs,
vegetables and meat were included daily in the diet.

An important factor in the poor nutrition of the working
classes was the lack of facilities for cooking hot foods. Ovens
and cast iron ranges were only owned by the upper classes; even
cooking pots were too expensive (67) until the invention of the
hydraulic press (72). Bakers provided hot pies and tarts in addi-
tion to bread. Some rural areas lacked fuel for cooking and a hot
meal was eaten only once or twice a week (57). By about 1880 in
cities, the pennymeter brought a rise in the use of the gas cooker

(72).

Dr. Smith also gave an estimate of the energy output of a
worker: he estimated that a person attending a spinning mill walked
or ran 1.3 miles per hour (67).

The 19th Century Controversy on the Fall in the Birth Rate

These biological facts and views were involved in the turn of
the century controversy on the reasons for the fall in the birth
rate in England (8,73-75). The argument was, as today: does low
fertility necessarily imply the use of contraception? In the
middle of the 19th century, marital fertility did not differ sig-
nificantly among the social classes or occupations, but the simi-
larity had different causes for the upper and lower classes (8).

The fall in fertility which began in England after 1870 did
not affect all classes egually: the fall "affected social strata
from the top downwards in a rapidly decreasing degree' (73). There-
fore, by the turn of the century fertility differed by social class
and occupation (73-75). The rich were probably practicing the
prevention of childbearing but among the poor "the practice is
almost unknown." Poverty and not "prudential action' was the cause
of the relatively low birth rate of the poor. The mass of the
population were intermediate in both birth rate and the use of
contraceptive practice (75).
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The Cost of Contraceptives

The contraceptive devices available before about 1880 were of
the ineffective variety and expensive. An effective male device,
a reliable condom, was not available in England until about 1880
when new processes of manufacture and vulcanization were used.
Effective female devices, diaphrams and pessaries, also became
available with the advances in rubber manufacture (8,76). The cost
of these devices, however, makes it improbable that they were used
by the working classes. Condoms cost 2 to 10 shillings a dozen;
rubber pessaries from 2 to 5 shillings each (70). The staple of
the diet, a four pound loaf of bread, cost about 7 pence (8).

Less effective methods were equally expensive, relative to the
cost of bread. The contraceptive sponge, recommended by A, Besant
in her Law of Population (56), cost one shilling each. Soluble
quinine pessaries cost 2 shillings a dozen in about 1890 (76).

SUMMARY AND CONCLUSIONS

A short and less efficient reproductive span due to poor
nutrition, hard physical work, poor living conditions can explain
the relatively small completed family size of the lower socio-
economic classes in about 1850-1860 in Britain.

The relatively late age of menarche and late attaimment of
adult height of even upper class girls and boys compared to con-
temporary well fed children (4) suggests that some submaximum
fecundity in combination with a late age of marriage may have con-
tributed also to the small completed family size of the upper
classes in 1850. A late age of marriage would have placed most of
the childbearing years in the period of declining female and male
fecundity. The historical decrease of fecundity with age was more
rapid because of the partial subfecundity (8).

One cannot disprove the use of coitus-interruptus as the
explanation of the observed lower fertility of both the lower and
upper classes. However, the physical and reproductive data provide
an alternate explanation, especially for the lower socioeconomic
classes (8).

Undernutrition, instead of the widespread use of folk contra-
ception, may also be the explanation of the completed family size
of 6 to 7 children found in many developing countries today, as
has already been suggested (7,14,21,22). 1If so, the nutrition
programs necessary for a vigorous, productive society should be
closely integrated with family planning programs, for the well-
being of the mother, the child and the society (7,22). The need
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for family planning programs also may be much greater than realized
heretofore.

If subfecundity is the main reason for relatively low observed
fertility in the 19th century, a reasonable question is: who was
using the many methods of contraception devised during human
history (76,77)? The data suggest that only females (and males)
who were well nourished, and hence fully fecund, whose reproductive
ability exceeded their aspirations for offspring, would have used
contraception. This would be a small percent of the population:
the relatively well fed aristocracy (76) especially when they used
wet nurses; the wet nurses themselves since pregnancy would affect
their ability to nurse; and prostitutes whose aspirations of
fertility were zero (8).

Questions for Future Research

Finally, the 19th century data raise some fundamental bio-
logical questions. The fact that undernourished human beings and
animals are less fecund than well nourished populations can be
regarded as an ecological adaptation to reduced food supplies of
the environment and of obvious advantage to the population. It is
a less wasteful mechanism than the regulation of overpopulation by
mortality. But, by what mechanism is a slower rate of growth of
females and males within a population related to a subsequent
shorter and less efficient reproductive span? Why is late menarche
in a population usually associated with an earlier menopause, with
long lactation intervals, and with higher pregnancy wastage (22)?
Are there exceptions in some environmments to these associated
events?  How much is reversible after growth is completed (8)?

Recent experiments with rats on high-fat and low-fat diets
suggest that the estrogen levels were higher in the high-fat diet
rats (34,35). The well nourished human female and male, particu-
larly on diets with a high percentage of calories from fat, also
may have higher endocrine levels, which result in high reproductive
efficiency (8).
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FAMINE AND FERTILITY

Zena Stein and Mervyn Susser
Columbia University

New York, New York

INTRODUCTION

This paper will be concerned with 'famine" rather than "mal-
nutrition." '"Famine," according to the Oxford English Dictionary,
is "a period of extreme and general scarcity of food." The
starvation is extreme, population-wide, and limited in time.

Famine is an acute episode which, if continued for long enough,
will terminate in death of the population. People experience a
sensation of hunger, gnawing hunger, day and night. There are
psychological manifestations (irritability and apathy), anti-social
behavior (suspiciousness, aggressiveness, finally cannibalism),
illnesses (infections, famine oedema, osteomalacia) and death
(which comes sooner to men and to those at the extremes of life
than to women and the middle-aged). In the newborn, there is a
reduction in mean birth weight and a decrease in viability. There
is finally a reduction in fertility that can become absolute. Once
food becomes available, recovery in the population is rapid.

If famine is superimposed on a poorly nourished population as
in the Sahel, the transition from chronic malnutrition to starva-
tion may be ill defined and present a problem of definition (1).
In the Dutch famine of 1944-45 (2,3), which we discuss in this
paper, there is no such problem. This society was not at the
margin of survival before and after the famine, either in the
health and physiological characteristics of the population, or in
its values and mores. These conditions made the effects on fertil-
ity distinct. At the same time, they should deter us from facile
generalizations extrapolated to populations chronically suffering
from malnutrition.
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Famines have been part of human history since the earliest
times, and are described on Egyptian papyrus and in the 01d
Testament. Keys, Brozek et al, (4) have a historical chapter
listing famines by year and place and referencing the historians
who have described them up to 1933. More recently (5), the account
has been brought up to date. Famines were commonly associated with
war, as in the Dutch famine, or equally often, with natural dis-
asters. A natural disaster, the potato blight in Ireland in the
middle of the last century, precipitated the famine that so in-
fluenced American history (6,7). In modern times, small scattered
communities and groups like the Australian aborigines and the
Eskimos suffer episodes of acute food deprivation fairly frequently,
and it is not unusual for whole groups to perish at these times.

Although the circumstances leading to famines are well docu-
mented, it has been more difficult to document their effects,
including any systematic effect on the birth rate. Notable excep~-
tions are the account by Valaoras (8) of the effect of the famine
in Greece in 1941-42, on births, deaths, and child growth; and that
by Antonov (9) on the effects of the siege of Leningrad in 1942 on
fertility and perinatal morbidity and mortality, and that by Smith
(10) on the Dutch famine of 1944-45.

We will discuss the Dutch famine of 1944-45 (known as the
"Hongerwinter") in some detail, believing it to be the most fully
analyzed in respect to fertility.

THE DUTCH FAMINE OF 1944-45

Historical Background

The Dutch famine was a tragic final episode in the long war-
time ordeal of the Netherlands people during World War II. In
September 1944, an ambitious but unsuccessful attempt was made by
the Allies to establish a bridgehead over the Rhine. A dramatic
account of this endeavor (micknamed "Operation Breadbasket") is
given in "A Bridge Too Far' (11). The Dutch railworkers in the
Nazi occupied territories responded to the call of their government-
in-exile for a strike. For this brave action they paid heavily,
for when the military offensive failed the Nazi command retaliated
by imposing an embargo on the movement of all goods including food-
stuffs. No food could be imported into the cities from rural
supply areas. There followed an early and severe winter that froze
the barges in the canals, aggravating the food crisis. There was
a general, severe, and acute deprivation of food (12,13,14). For
six months, from November 1944 to the end of April 1945, the situa-
tion continued grave. Then, in the first week of May the Allied
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armies crossed the Rhine, liberated the Western Netherlands, and
relieved the famine (15,16,17). By the end of May, food relief
had reached most of the affected population. Figure 1 shows these
time relations, grouping conceptions, gestation and births in
relation to the period of the famine.

The main impact of the famine was suffered by the large cities
of the West: Amsterdam, Rotterdam, 's-Gravenhage (The Hague),
Leiden, Delft, Haarlem and Utrecht (Figure 2). By its nature, the
famine affected cities rather than the rural areas which grew their
own food. The country south of the Rhine was occupied by the
Allied armies and not exposed to the "Hongerwinter.'" The towns of
the East and North were liberated earlier and had easier access to
food even before the liberation. The geographic distribution of
the famine thus enables us to designate '"famine'" cities and
"control" cities in our design (2).

Data Sources Relating to Fertility (1944-~1946)

These stem from three sources. First, we used the birth reg-
istrations from the 16 study* cities. Second, we used records from
the military induction procedures, covering virtually all 18 year
old male survivors living in the Netherlands. Since these were
acquired independently from the birth registrations, they served as
a supplementary source, and a check on validity. Third, we used
the records from five large maternity hospitals. We also refer
en passant to conclusions based on a study of death notifications.
Each of these sources is described in detail, with the full account
of the effects on development of those conceived or born during
the famine period in the book: "Famine and Human Development: The
Dutch Hunger Winter of 1944-1945" (2).

Data Sources Relating to Diet (1944-1946)

The average calories (as well as proteins, carbohydrates and
fats) provided in the daily food rations were estimated from
official sources (Figure 3). Rations were uniform across the
country up to the period September 1944, and again they were similar
after July 1945, The diet in the Western Netherlands was demons-

* The famine cities were: Amsterdam, Rotterdam, The Hague, Haarlem,
Leiden and Utrecht; the northern control cities were: Groningen,
Leeuwaarden, Zwolle, Enschede and Hengelo; the Southern control
cities were: Breda, Tilburg, Eindhoven, Heerlen and Maastricht.
For two cities (Rotterdam and Hengelo) there was an 18 month gap
in the population register; estimates based on the inducted
population were substituted.



126 Z. STEIN AND M. SUSSER

trably reduced relative to other areas for the defined period of
the Hongerwinter, and not otherwise. Apart from the record of the
rations, the nutritional relief team carried out sample surveys of
the recent diet of many individuals (17). The documentation of
the food intake is therefore remarkably systematic and rich, con-
sidering the disasterous circumstances.

THE EFFECTS OF THE FAMINE ON BIRTH RATE

Decline in Births: Comparison by Time and Place

In the famine area, a distinct fall in the number of births
is evident, beginning nine months after the onset of acute starva-
tion (which we consider to be mid-October 1944) (Table 1). Our
study of maternities shows that no great error follows from the

1943 1944 1945 1946
JFMAMJJASONDUJ FMAMJJASONDJFMAMJUJASONDJFMAMJJASOND

AR R N N R RN R R RN RARARARRARY

PERIOD
OF
FAMINE

BIRTHS
CONCEIVED
' DURING
FAMINE

1
|
]
i
1

C. =m——
M m————

D —
z -
>—
T -
o —
B —
o -
2 m—
O —

i
JASOND
44 i

Do —
Oy

I
FMAMUJ
19

Figure 1. Design of Study. Cohorts by month of conception and
month of birth, in the Netherlands, 1943 through 1946, related to
famine exposure. Solid vertical lines bracket the period of
famine, and broken vertical lines bracket the period of births
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assumption which we make in assigning dates of conception by usual
length of gestation. Thus, among births conceived early in the
famine during November-December 1944, there was a slight decline
in numbers; among births conceived in January 1945, there was a
moderate decline; among births conceived late in the famine and at
its most severe, from February through April 1945, there was a

marked decline.

The famine was relieved on May 7, 1945, and the

number of conceptions must have risen almost immediately. Births
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following conceptions in the period as soon as the fourth to eighth
week after the famine (June 1945) had restored numbers to the pre-
famine level and, temporarily, even higher,

The official rations declined to below 1500 calories daily
in September 1944, but not before November does a decrease in sub-
sequent births reflect infertility in the cohort of conceptions.
This asynchromy of onset of famine and infertility suggests that
it took some time to exhaust the nutritional resources of couples.
By contrast, with relief of the famine recovery of fertility was
immediate. It seems that with the provision of nutrients, the
preconditions of fertility (sexual activity and fecundity) were
restored at once.

In Figure 4 we show the number of births (the broken line) and
the mean daily caloric ration (the unbroken line) for famine cities,
northern control cities, and southern control cities, respectively.
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Figure 3. Average quarterly distribution of food rations in
calories, protein, fats and carbohydrates in the Western Nether-
lands, 1941 through 1945 (Burger, Drummond and Sandstead (1948).
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Numbers of Conceptions Ending in Live and Still Births
by Place of Birth and Estimated Month of Conception,
and Sex Ratio for Live Births Only

Table 1

129

Estimated Mo.

Famine Area

North Control

South Control

of Conception All Sex All Sex All Sex
Beginning With Births Ratio Births Ratio Births Ratio
1943

Mid April 3916 1.168 781 1.116 903 1.130
Mid May 3793 1.083 674 1.032 940 1.070
Mid June 4044 1.006 795 .894 1039 1.106
Mid July 3805 1.124 749 1.158 954 1.022
Mid Aug. 3989 1.031 820 .975 1028 1.006
Mid Sept. 3935 1.003 678 1.064 963 1.013
Mid Oct. 4034 1.053 780 1.058 987 1.155
Mid Nov. 3938 1.066 748 1.179 1057 1.042
1944

Mid Dec. 4199 1.063 772 1.077 954 1.065
Mid Jan. 4023 1.078 763 1.090 947 1,119
Mid Feb. 3962 1.033 632 1.027 829 .978
Mid March 3983 .992 683 1,131 928 1.002
Mid Apr. 4182 1.046 774 .826 984 1.039
Mid May 3996 1.011 818 1.159 932 1.105
Mid June 4104 1.058 868 1.137 1173 .952
Mid July 4255 1.062 898 .964 1047 1.122
Mid Aug. 4168 1,112 795 1.140 1071 .975
Mid Sept. 3443 1.001 689 1.040 954 1.027

Famine Begins

Mid Oct. 3398 1.049 762 1,200 1033 1.146
Mid Nov. 2863 1.051 691 .887 1093 1.122
1945

Mid Dec. 2152 1.088 686 1.104 1040 1.096
Mid Jan, 1813 1.098 608 1.218 1117 1.021
Mid Feb. 1688 1.104 611 .993 1063 1.028
Mid Mar. 2018 1.089 695 1.205 1060 1.044
Mid Apr. 2664 1.039 893 1,118 1086 1.152

Famine Ends

Mid May 3900 1.074 995 .987 1099 1.138
Mid June 6889 1.060 1190 .995 1359 1,212
Mid July 7403 1.067 1105 1.072 1260 1.157
Mid Aug. 7730 1.097 1137 1.111 1367 1.076
Mid Sept. 7029 1.065 998 1.141 1211 1.127
Mid Oct. 6915 1.116 1035 1.099 1170 .940
Mid Nov. 6631 1.075 1012 1.124 1096 1.087
1946

Mid Dec. 6158 1.076 954 1.131 1077 1.094
Mid Jan. 5811 1.030 923 1.090 1107 1.111
Mid Feb 5278 1.088 806 1.024 983 1,117
Mid Mar. 5680 1.045 830 1.013 1107 .994
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In the famine cities the relationship between food rations and
fertility is strong and convincing below a threshold of caloric
rations of about 1500 calories. In the northern cities, too, a
decline in fertility is detectable. In the southern cities, there
is no such relationship. We believe that this is due to the fact
that in these cities, many of which were freed from occupation at
the time of the Hongerwinter, food supplies from the surrounding
countryside and the liberated armies were available over and above

the official ration.

For each group of cities detailed comparisons were made,
month by month, of rations and births. We confirmed by study of
scattergrams and correlations that the relationship held up strongly
and consistently only when the ration fell below 1500 calories.
Thus, in the famine cities over the 11 months when the ration fell
below the threshold level, the correlation coefficient of calories
in the rations at conception with number of births was r = 0.92,
(The caloric standard is used for convenience. 1In practice, the
constituents of the diet, protein, fats and carbohydrates varied
together, and their individual effects were not separable).
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Decline in Births: Comparisons by Social Class

We found that infertility affected the social classes differ-
ently. Social class of births was most conveniently estimated
from the occupation of fathers of the 18 year old men presenting
to the military. This approximation was validated in its essentials
from a sample of births registered during 1944-1946. Figure 5,
based on the military data, shows that the decline in fertility in
non-manual classes, though present, was less remarkable than that

in the manual classes, in whom both the decline and the post-war
rise was steeper. 1In the control cities, divergence between the
classes was much less marked.

Decline in Births by Age and Parity

Some information is available on differential effects on
fertility which the famine might have exerted on women of differing
age and gravidity. Data relating to maternal age are available
only on maternity hospital records. We found that among 2,521
women in famine cities whose babies were born in hospital, those
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who conceived during the period of greatest hunger (numbering 528)
were somewhat atypical in that they were slightly younger. Their
average age was 27.5 years compared with an average age for the
rest of the period of 28.13 years (p<.025). No such differences
in maternal age were present in the maternity hospitals in control

areas.

The birth rank of men in the Netherlands induction examination
is an index enabling us. to compare the parity of childbearing
couples during the famine by time and place. We found a higher
than expected percentage of firstborn among those conceived at the
height of the famine, most marked in those with fathers in manual
occupations (Table 2). The effect was present only in the famine
cities. We infer that primiparae are able to continue fecundable
under conditions of starvation for longer periods than are multi-
parae. This inference is supported by the data from maternity
hospitals, which show an under-representation of grandimultips
(five or more previous births) in conceptions at the period of
greatest hunger, 9.77% where the expected is 12.9% (p<.05).
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The apparent effect of parity may be evidence for an advantage
of youthful childbearing rather than for a disadvantage of grandi-
multiparity. Both age and parity are recorded on maternity hospital
records, but the numbers are too small to provide a sensitive test,
and the hospital population is less representative than the induc-
tion series. We found that if maternal age is held constant, then
for older women there are slightly fewer women of high parity among
famine cohorts, 30% compared to 40% among those over 35 years, a
result that does not reach the .05 level of significance in the
numbers available.

There is, therefore, some suggestion in our data that both
youthfulness and lower parity conferred some protection against
infertility of couples during the Dutch famine but we cannot decide
the relative importance of these two conditions.
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of births, expressed as Z scores based on the number of male sur-
vivors at age 19 by social class (manual and non-manual according
to father's occupation) for the period January 1944 to December
1946, inclusive. Means and SD's for Z scores based on births from
January 1944 to December 1944.
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Sex Ratio

In Table 1 we show boys and girls born alive each month over
a three year period in famine cities and control cities. We have
shown elsewhere the sex of those who died, by age at death (2).
The number of stillbirths is also shown there, so that stillbirth
rates can be considered in estimating perinatal mortality, but the
sex of the stillborn infants was not generally recorded. In the
last column of Table 1, the masculinity ratio (boys divided by
boys + girls) is given for all live births.

Our interpretation is that the masculinity ratio was not
modified, upwards or downwards, during the phase of a falling or
rising birth rate. Post-natally, there were more boys lost than
girls (2) and this was not true at all ages. The sex ratio of
those deaths did not change throughout the period of observation.
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Figures 5B and 5C. Fertility and Social Class. B. Northern
Control Cities and C. Southern Control Cities. Frequency of
births, expressed as Z scores based on the number of male surviv-
ors at age 19 by social class (manual and non-manual according to
father's occupation) for the period January 1944 to December 1946,
inclusive. Means and SD's for Z scores based on births from
January 1944 to December 1944,
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The masculinity ratio among survivors of the cohorts that suffered
the heavy infant mortality rate, however, would have been lower at
older ages because the sex ratio among deaths is higher than that

among births.

Rates of Twinning

Bulmer (18) studied the rates of twinning in selected European
countries during the years 1940 to 1945. He was able to estimate
rates of dizygotic twins and monozygotic twins from the frequency
of pairs of like-sex and unlike-sex twins., In accord with his
hypothesis, he found a marked decline in the dizygotic twinning
rate (but not in the monozygotic rate) for maternities in the
Netherlands in the period 1944-45, The findings are reproduced in
Figure 6.

DISCUSSION

In attempting to understand the likely mechanism of famine
infertility, we considered several possibilities. Following Davis
and Blake (19), we deal with the "intermediate variables" (inter-
course, conception, and gestation) in turn.
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First, with regard to intercourse, involuntary abstinence and
a decline in coital frequency were likely to have played some part,
Contemporary reports emphasize the lassitude of the starving popu-
lation and diminished libido. In reports of prisomer of war camps
and under conditions of experimental starvation, a decline in male
libido has been documented (20). The hunger drive becomes so
powerful as to dominate thoughts and activities of the starving.

Second, with regard to conception variables, fecundability or
ovular cycles in women, or oligospermia in men must be considered.
We do know from the reports of gynecologists in practice at the
time, that amenorrhea was extremely widespread (21,10). Famine-
related amenorrhea has often been observed. It was also reported
in Greece where Valaoras (8) estimates it to have been present in
70% of women; in Leningrad (9); in Belsen (22); in prisoner of war
camps in the Far East (23); in a refugee camp in Egypt (24); and
on many occasions during World War I, summarized by Hytten and
Leitch (25); and by Keys et al. (20). We have no explicit statis-
tical evidence on this point for the Hongerwinter, but there is
little doubt that amenorrhea was commonly experienced.

Third, with regard to gestation variables, we have considered
the possibility that births declined because of an excess of
spontaneous abortion (a failure of the conceptus to implant, or to
go to term). Although there is experimental evidence in rats link-
ing early nutritional deprivation with a failure to implant (26),
human evidence of a relationship between starvation and early fetal
loss is in our view still anecdotal. Thus, Gopalan and Naidu (27)
refer to a pregnancy wastage rate of 307 observed by Sundar Rao.

It is not clear if what is meant by this statement is a probability
of fetal death, or of a fetal death ratio* (28). If it is a proba-
bility of fetal death based on a longitudinal study as appears

more likely, then 307 does not differ from estimates in other
populations not deemed to be starving. For example, from French
and Bierman (29) we estimate that 247 of pregnancies identified at
four weeks gestation will end in fetal death by the 40+ weeks
gestation. From Hertig et al. (30) we estimate that at least 30%
of fertilizations will abort at some stage.

If, on the other hand, 30% is a fetal death ratio, then the
Gopalan and Naidu estimate is somewhat higher than others. How-
ever, in this case we cannot judge whether it is truly raised

% The probability of fetal death is an estimate of the risk of
abortion. The gestational age at first observation is taken into
consideration through life table analysis. Fetal death ratios
relate the total number of abortions to the total number of preg-
nancies observed; the gestational age at which pregnancy is
identified is not taken into consideratiom.
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without knowing the gestational distribution of the pregnancy
wastage. If, for instance, a large proportion of pregnancies ended
in the 4-8 week gestation period, then the fetal death ratio would
be higher than most reports. Even then, the basis for diagnosing
pregnancy is a problem, particularly if the diagnosis depends on
the history of a delayed or missed period, for disturbed cycles

are common with starvation., This type of indirect report is there-
fore inadequate evidence to establish that there is an increased
rate of early fetal loss in malnourished populations.

Similarly, Ifekwunigwe (31) says of the Biafran experience:
"When pregnancy took place, the incidence of miscarriages was also
markedly raised.'" Valaoras (8) in writing of the Greek famine
mentions: 'the numerous miscarriages and abortions observed during
that time;" a similar impression of a rise in miscarriages and
abortions was formed by many observers in Holland.

We gave considerable attention to a possible role of early
fetal loss in causing the decline in births following the Honger-
winter. The actual information on abortions available to us was
also anecdotal, and induced and spontaneous abortions were in-
distinguishable in the records. Instead, we turned to an indirect
test. On the hypothesis that early fetal loss contributed in
large part to the decline in births, we argued that the relief of
the famine and the restoration of food from May 7, 1946 onwards
should have enabled women who were at that time in the phase of
pregnancy between conception and implantation to carry their preg-
nancies successfully to term. In such a case, the restoration of
fertility, marked by a rise in births, would have been evident
before the whole of the normal mean gestation period had expired
(i.e., before the end of January 1946). If the decline in
fertility were related to spontaneous abortions after implantation,
recovery of fertility should have occurred even sooner. On the
alternative hypothesis, that a decline either in intercourse or in
fecundity or both was responsible for famine infertility, then the
restoration of fertility would not be detected before the elapse
of the normal mean gestation period. In this case, the data favor
the second alternative: the rise in births began about 290 to 300
days after the relief of the famine suggesting that the rise
stemmed from an increase in conceptions after liberation.

To explain the differences in fertility between the social
classes during the famine, we considered three interpretations:

1. Voluntary control of fertility.

2, Physiological resistance to infecundity (the intermediate
variables based on pre-famine constitution.
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3. Access to food.

We cannot distinguish between these three interpretations with
certainty.* The first seems unlikely, the third most likely.

1. The social controls (sexual taboos, age at marriage, con-
traception, abortion) that differentiated the fertility of the
classes before and after the famine might have been altered during
the famine, so that the upper classes relaxed their control of
fertility, or the lower classes increased theirs.

This explanation is rendered unlikely because it requires a
reversal of the usual pattern of fertility control among the social
classes. Studies of family planning and sex behavior show that
among the generation involved, higher social classes normally
exercised stricter and more conscious controls on reproduction than
the lower classes. In line with this behavior, many studies of
social class values have described an upper and middle class ori-
entation towards deferring gratification for the sake of future
reward, and a lower class orientation, in the absence of such anti-
cipation, towards accepting the gratifications of the present (32).
Yet, during the famine, in a time of great uncertainty when con-
trols on fertility might be expected to have been all the more
strict among the majority of the higher classes, there was a
relatively greater decline in lower class births,

2. At the onset of the famine, the higher social classes may
have been in better health and, in particular, better nourished,
than the lower classes. This advantage might have sustained rela-
tive fecundity in the upper classes in the face of the famine.
However, if physiological resistance were crucial, we would expect
that the onset of a decline in fertility would be delayed among the
higher social classes, and that persisting famine would in time
exhaust the bodily resources of all, including the higher social
classes, causing the rates of fertility of all classes eventually
to converge. Yet the onset of infertility was simultaneous in all
social classes as we have seen, and convergence of fertility rates
did not occur. The low ration levels of the worst famine period
continued for at least four months. During these months, the
fertility rates of each social class persisted at a low level, but
the gap between them widened.

3. Those who obtained more food would have been protected

* Another explanation, that men of different classes were absent
in different proportions, seems unlikely from our limited historic-
al knowledge, although there are no explicit data on this informa-
tiom.
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against the severe effects of starvation. During the famine the
higher social classes with their resources in money, property, and
influence, may have obtained more food than the lower social class-
es. This explanation has most to commend it. The lower classes
were worst hit by the famine in many respects. During the famine,
the lower classes suffered a disproportionate increase in deaths,
and clinical signs of malnutrition seen in adults as well as child-
ren were most common in the poorer sections of the cities (17).
This third explanation of the social class differences in fertility
during the famine emphasizes the influence of current nutritional
state on fecundity.

To interpret the observation that fertility seemed to be less
depressed in younger women and/or in primiparae, it is reasonable
to assume that during famine less fecund women would be affected
first, and that those births that did occur would be concentrated
at the most fecund ages and parities. Changes in distribution of
births by age and parity could also point to changes in fertility
brought about by the mating behavior of couples, since age and
parity undoubtedly affect this behavior; perhaps libido persisted
more strongly in the young than in the middle aged, relative to
their usual drives.

The influence of possible delays in the onset of menarche, or
in the occurrence of ovular cycles (as suggested by Frisch (33)
could not be studied; certainly weight loss was widely reported in
all age-sex groups (17). The tendency for younger women and primi-
parae to continue fecund, however, might be read as evidence
counter to the view that the decline in births was due to such
factors.

Lactation was the rule in Holland during the war. We there-
fore reviewed reports on a relation between malnutrition and lacta-
tion, in prolonging infecundability. The evidence still seems to
us insecure (34,35,36,37). Reports relating the age of the lactat-
ing mother to infecundability seem more consistent (34,38). We
tentatively suggest here the possibility that age and starvation
could be synergistic in this respect.

With regard to the sex ratio, we could not infer that the
famine had effected a change either in primary sex ratio (occurring
at conception) nor in secondary sex ratio (occurring during early
fetal life, with abortions). There is certainly evidence for a
change in tertiary sex ratio, associated with the extraordinarily
high infant losses.

The reduction in the rate of dizygotic twinning (standardized
by maternal age) is of considerable interest. Bulmer (18) offers
two tenable explanations: a decline in male fertility (the number



FAMINE AND FERTILITY 141

and motility of sperm), or a decreased tendency of the ovary to
produce two ovulations in one cycle. As dizygotic twinning is
related to maternal rather than to paternal age and to parity, and
since we have suggested above that infertility selectively affected
women in the older age groups and those of higher parities, the
evidence on twinning is coherent with the view that the famine
served to depress ovulation, especially in older women of higher
parity.

To explain the unprecedented rise in births after liberation
and its distribution by social class, we have argued that women
who conceived during the famine were more fecundable. Immediately
after the famine such women (being already pregnant) would have
been insusceptible and thus under-represented among fresh concep-
tions. The period of high birth rates would therefore be in some
ways the mirror image of the period of low birth rates. The social
class pattern provides some support for this notion.

CONCLUSIONS

Several propositions follow from the demonstration that
starvation had a direct and current effect on fertility, and prob-
ably on its prerequisite, fecundability. Two are:

1. Infertility and infecundity caused by starvation are
rapidly reversible. A steep rise in conceptions immediately after
the liberation marked the restoration of susceptibility to fertil-
ization. The main contribution to the rise in conceptions was made
by couples, both of whom were resident in Holland throughout the
famine period. The rise preceded in time a more gradual rise that
followed the return home of soldiers, prisoners, deportees and
refugees, The immediate recovery of fertility in the population
suggests that there was ‘immediate physiological recovery of sexual
activity, normal ovulation, and fecundity in general.

One of the chief lessons to be learned from the famine is the
great resilience of human populations exposed to the harshest
environmental forces. Early in May 1945, the people were so
weakened that the very survival of many was in doubt. The liberated
armies were supported by emergency nutrition teams and brought
plentiful supplies of food. Within one month of liberation from
the Nazi occupation, many were restored to the normal activities
of everyday life and to the business of rebuilding their families
and their shattered cities,

2. The after-effect of a phase of infertility, followed by a
phase of hyperfertility, will reflect variation between groups
differently affected at different times. The variations have
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consequences for the distributions of manifestations that may be
used to detect effects of prenatal exposure to famine on the out-
come of pregnancy. Thus, one consequence of the relative fertil-
ity of the higher social classes during the famine was an altered
social class composition of cohorts conceived during the infertile
months. The altered class composition of the famine cohorts
contrasted particularly with the cohorts conceived immediately
after the famine in the rebound from famine infertility. The dif-
ferent "mix" of social classes in successive cohorts can confound
analyses of any outcome measures in which social class different-
ials exist. For instance, the altered mix was important in
studying the effect of the famine on mental performance (2,39).
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EFFECT OF MATERNAL NUTRITION ON INFANT MORTALITY

Aaron Lechtig, Hernan Delgado, Reynaldo Martorell,
Douglas Richardson, Charles Yarbrough, Robert E. Klein

Institute of Nutrition of Central America and Panama
(INCAP), Guatemala City, Guatemala

INTRODUCTION

High infant mortality is a major health problem in many
countries of the world. In these countries the infant mortality
rate (IMR) remains a major determinant of life expectancy at birth
and the first year of life is the single most important risk
period that a person has to face. Maternal malnutrition has been
implicated as an important cause of the high IMR reported in many
developing nations. The objective of this paper is to review the
published data on the relationship between maternal nutrition and
infant mortality.

In order to examine this relationship we will first explore
the historical trends in the infant mortality rates of the devel-
oped countries. We shall then undertake cross sectional analyses
relating nutrient availability to IMR. Differences in infant
mortality associated with social class within countries will then
be studied and finally we shall review our field results in order
to document to what extent maternal nutrition is a determinant of
infant mortality.

SOCIOECONOMIC DEVELOPMENT AND INFANT MORTALITY

During the last four to five centuries infant mortality rates
in Europe fluctuated between 150-250/1000 live births (1-5).
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reflecting the same situation seen in developing countries today
(6); however, infant mortality rates began to fall dramatically

in the late 19th century, first in Sweden and then in England,
France, Italy and the U.S.A. (1, 7-9). This appears to have been
a result of both improved sanitary practices and increased
standards of living and was relatively independent of improvements
in medical care (10,11). That economic factors had always played
a part is evident from the study by Peller (12) on mortality in
the ruling houses of Europe since 1500, which showed infant mortal-
ity comparable to modern standards as early as 1800-1899.

The same industrialized countries that decreased infant
mortality rates in the twentieth century, had a simultaneous
improvement in gross national product per capita. Admittedly,
gross national product per capita is a very crude indicator of the
nutritional condition of a population. Nonetheless, it is closely
associated with food availability per capita, and although the
shape and slope of this relationship varies from country to country,
it appears that there is a fairly consistent fall in IMR when per
capita income increases.

Figure 1, based on cross sectional data, shows that dietary
energy per capita per day, a measure of food availability and IMR,
are associated. Similar results have been shown previously with
the proportion of low birth weight (LBW) babies (13). The thres-
hold appears to be around 2800 calories per capita, above which
IMR and the closely related LBW rates cease to decline signifi-
cantly. Figure 1 reveals that for the same level of economic
development there is a wide range in IMR. This variability may be
partially due to variations in the efficiency of translating
economic growth into improved nutrition and health. For example,
in Sweden the drop in mortality occurred at a lower dietary energy
per capita than in the U.S.A.

In Figure 2, 123 countries have been divided into three
groups according to dietary energy per capita per day. It is clear
that no country with less than 2400 calories per day has "low'" IMR
while most of the countries with more than 2800 calories have a
"low" IMR,

Figure 3 shows the infant mortality rates for the highest and
the lowest social classes in England during the last 100 years.
In general, offspring of wealthier parents died less frequently in
all periods (14). Death rates decreased proportionately the same
amount in both social classes (9). It can also be seen that the
IMR of social class I (professionals) in 1911 was not reached by
social class V (manual laborers) until 1941, Similar results
have been reported for France (15), the U.S.A. (16) and Finland
(17).
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In summary, from three independent analyses: 1) examining the
historical trends of IMR within developed countries; 2) comparing
different values of dietary energy per capita per day with IMR in
cross sectional analyses among countries; and 3) exploring dif-
ferences in IMR across socioeconomic classes within specific
countries; we can deduce a clear association between socioeconomic
characteristics and infant mortality rate.

It should be pointed out that poor socio-economic conditions
entail economic, cultural and biological deprivation. Lower class
women are shorter (18,19), work more during pregnancy (17,20)and
have generally poorer health (17, 21-23). They are also more
likely to have a smaller pelvis and poorer diets during pregnancy
(23, 34-44). Low SES mothers are also more likely to marry young,
to be multiparous and to have illegitimate births (17,23). In
addition, impoverished women are likely to show less than optimal
care both for themselves during pregnancy and for their children.
For instance, women of low social class are more likely to delay
seeking antenatal care (45,46). Each of the above named factors
has been shown to be associated with a high risk of infant loss
(47,48). It would appear that the relationship between increased
socioeconomic status and decreased IMR is mainly effected through
the general improvement in health and nutritional status of the
population due to a better standard of living. Our next task is
to explore to what extent specific improvements in maternal
nutrition may produce a decrease in IMR.

INFANT MORTALITY RATE
o
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DIETARY ENERGY PER CAPITA PER DAY
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Figure 1. Relationship Between Dietary Energy per Capita and
Infant Mortality Rate per 1000 Live Births. Computed from the
World Population Data Sheet (Pop. Ref. Bureau Inc., 1975)
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EFFECT OF MATERNAL NUTRITION ON INFANT SURVIVAL

Although there is no published data on investigations to
assess specifically the relationship between maternal nutrition
and infant mortality, the hypothesis of an effect of maternal
nutrition on infant mortality rate seems reasonable and is sup-
ported by several studies. For instance, birth weight is consist-
antly associated with infant mortality (49,50). The majority of
the racial mortality differential in the United States can be
attributed to the higher proportion of low weight at birth of the
black neonates (51,52), a difference that falls within the range
of the effect of maternal nutrition on birthweight demonstrated
through dietary surveys (53) or nutritional supplementation (54).
Thus, maternal nutrition seems to be related to infant mortality
through low birth weight*.

1007

23

[oaY
o
A1

0
5! 7

<2._1+ 2.4-2.7 >2.8

PERCENTAGE OF COUNTRIES WITH
LOW INFANT MORTALITY RATE!

DIETARY ENERGY PER CAPITA PER DAY
(Thousand Calories)

Figure 2. Relationship Between Dietary Energy per Capita and
Percentage of Countries with Low Infant Mortality Rate. Low
Infant Mortality Rate: «40/1000 Live Births. Computed from

the World Population Data Sheet (Pop. Ref. Bureau, Inc., 1975).
In parenthesis the numerator is the number of countries with low
IMR and the denominator is the number of countries with available
information.

*Low birth weight is defined as less than 2.5 kg.
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Figure 3. Trends in Infant Mortality by Social Class in England
and Wales 1910-1950. Adapted from Morris and Heady 1955.

The next part of the hypothesis, that lower SES women have
poorer diets during pregnancy has been demonstrated in developing
nations where the social class gap is wide (19,53,55-59). 1In
addition, placental size is smaller in low SES women, a factor
that may contribute to fetal malnutrition (60-62). In other words,
low socioeconomic status may lead to poor maternal nutrition, high
prevalence of LBW babies and consequently high IMR. It has been
argued that the accelerated drop in infant mortality rates which
occurred during World War II could only be attributed to the war-
time food distribution program which favored pregnant mothers (18).
Further, maternal malnutrition during the mother's infancy and
childhood could also produce an effect on infant mortality perpetu-
ated through generations.

OBSERVATIONS IN GUATEMALA

We have explored the interrelationship between maternal nutri-
tion and infant mortality in two different studies; the first one
in a urban population of low social class from Guatemala City and
the second one in four rural villages from eastern Guatemala.
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Urban Study

In this study the design corresponded to a case-control
retrospective study with the main purpose of identifying simple
risk indicators of infant death. For this purpose we studied the
records of 101 consecutive infant deaths from low social class
during 1975 in a hospital of Guatemala City. These were compared
with 199 children (control group) who survived the first year of
life, were also of low social class and were being followed in the
same hospital. From 42 variables examined 14 showed significant
differences between the study and the control groups.

Table 1 presents the relative risk associated with these
variables as well as their sensitivity and specificity as indicat-
ors of risk of infant death. Of the 14 risk indicators, 6 concern
the nutritional status of either the infant or the mother. These
are: weight for age (< 80%), breast feeding (< 6 months), weight
for height (£ 90%), height for age (£ 87%), low birthweight
(£ 2.5 Kg), and maternal arm perimeter (< 24 cm). Two additional
indicators probably affect infant survival by means of impaired
maternal nutritional status. These are birth interval (< 30 months)
and maternal age (L 19 years).

A risk scale was built on the basis of 7 of these indicators
presented in Table 1, the possible score ranging between 0 and 7.
The high risk population group, composed of those children with
high score (from 5 to 7) in this scale, comprised 86 percent of
the infant deaths and had a relative risk of dying during the first
year of life 85 times higher than children with low score (from
0 to 4). Of the 7 components of this risk scale, 5 (weight for
age, breast feeding, birth weight, birth interval and maternal age)
concern the nutritional status of the baby, the mother or both.

In conclusion, the results of the urban study bring support to the
hypothesis that maternal nutrition is related to infant survival.

Rural Study

We have explored the interrelationship among these variables
as part of a study in four villages of Guatemala (63). These are
communities where chronic malnutrition and infectious diseases
are highly prevalent, a situation unfortunately common to most of
the rural populations of the third world. The economy is based on
subsistence agriculture and corn and beans form basis of the local
diet., Pregnant mothers, who average 149 cms. in height and 49 Kg
in first trimester weight, have average daily dietary intakes of
1500 calories and 40 gms of protein. They deliver newborns weigh-
ing around 3 kg. and they breastfeed these children for a median
of 17 months,
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Until 1969, no "modern'" medical services existed in these com-
munities. Pregnancy and birth were supervised by midwives, home
remedies were used for minor illnesses, and serious medical
problems required transporting the patient to larger communities.

In 1969 INCAP provided a system of curative medical care in
these communities, Each village now has a clinic, staffed by an
auxiliary nurse, with weekly supervision by two physicians. Most
of the diagnosis and treatment is performed by a nurse who remains
in the community throughout the week. The doctors see patients on
a random basis as well as review the medical workups performed by
the nurses.

These clinics have cooperated fully with various national vac-
cination campaigns against measles, polio, diphteria, whooping
cough and tetanos. The out-patient problems today mainly encom-
pass diarrheal, respiratory and dermatological conditions. The
infant mortality rates have been reduced from 160 per 1,000 in
1968 to about 50 per 1,000 in 1975.

The acceptance of our contemporary medical approach has been
very good. The villagers have expressed considerable confidence
in both the personnel and system of treatment. Midwives continue
to assist at childbirth in collaboration with the clinic. Thus,
the communities essentially have and use a system of medicine
which integrates the most favorable aspects of both traditional
and modern curative practices.

The study design and the principal examinations made in mothers
and preschool children are presented in Table 2. Two types of food
supplements are provided: atole* and fresco**, Two villages receive
atole while the other two receive fresco. Attendance at the sup-
plementation center is voluntary and consequently a wide range of
supplement intake is observed. Table 3 presents the nutrient
content for both atole and fresco. It should be stressed that the
fresco contains no protein and that it provides only one third of
the calories contained in an equal volume of atole. In addition,
both preparations contain similar concentrations of the vitamins
and minerals which are possibly limiting in the diets of this
population.

As the home diet is more limiting in calories than in pro-
teins (12), ingestion of supplemented calories was selected as the
criteria to assess supplement intake. We stress that while

* The name of a gruel, commonly made with corn.
**% Spanish for a refreshing, cool drink,
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Table 1

Urban Study - Risk Indicators of Infant Mortality

Number of Cases

Relativel

Indicator Deaths Control Risk
1. Hemorrhage during preinancy4 101 199 23,2%%
2. Weight for age < 80% 101 197 21, 1%*
3. Breast feeding < 6 months® 101 199 19, 6%
4. Weight for height < 90% 31 191 13.,9%*
5. Umbilical cord rolled in neck 101 199 12.6%%
6. Height for age < 877% 70 191 7.6%%
7. Birth weight < 2.5 kg.* 101 199 6. 9%*
8. Gestational age < 37 weeks4 101 199 6.0%*
9. Preceding Child dead 64 147 3.7%
10. Birth interval < months® 64 147 3.0%
11. Arm perimeter < 24 cm. 101 199 3.0%
12, Absence of perinatal medical

care 101 199 2.9
13. Maternal age < 19 years% 101 199 2.6%
14. Age of menarche < 13 years 101 199 1.9%

Score of 5-7 in risk scaled 64 147 25,2%%
* p < .05; ¥* p < .01

Computed increment of probability of death in high risk group
. Percentage of deaths accurately predicted

Percentage of children alive accurately predicted

. Components of risk scale

. Score range: 0-7; high risk score: 5-7

P~ W=

calaories are the main limiting nutrient in this population, other
populations may present very different nutritional situations.
Three additional independent variables were also included in the
present analysis: maternal height (an indicator of the nutritional
history of the mother during the age of growth); socioeconomic
score of the family; and birthweight (an indicator of fetal growth).
The socioeconomic score is a composite indicator reflecting the
physical conditions of the family house, the mother's clothing

and the reported extent of teaching various skills and tasks to
preschool children by family members. The principal outcome
variable was IMR in the cohort of children born from January 1,
1969 to February 28, 1975.
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Table 2

Study Design for Four Villages*

Information+ When Collected
Obstetrical history Once
Clinical examinationl Quarterly
Anthropometryl Quarterly
Surveysl
Diet Quarterly
Morbidity Fortnightly
Attendance at feeding centerl Daily
Amount of supplement ingestedl Daily
Socioeconomic statusl Annually
Birthweight At delivery
Infant death First year age

* Two villages received atole, a protein-calorie supplement, and
two fesco, a calorie supplement.

+ Pregnancy was diagnosed by absence of menstruation; these
surveys were made fortnightly.

1 In mothers and preschool children.

Table 3
Nutrient Content per Cup¥*
(180 ml)
Atole Fresco

Total calories (Kcal) 163 59
Protein (g) 11 --
Fats (g) 7 --
Carbohydrates (g) 27 15.3
Ascorbic acid (mg) 4.0 4.0
Calcium (g) 4 --
Phosphorus (g) .3 --
Thiamine (mg) 1.1 1.1
Riboflavin (mg) 1.5 1.5
Niacin (mg) 18.5 18.5
Vitamin A (mg) 1.2 1.2
Iron (mg) 5.4 5.0
Fluor (mg) .2 .2
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For the purpose of doing discrete variable analyses and due to
the relatively small sample size, we will present analyses with
dichotomous variables (categories "low" and "high). Table 4 pre-
sents the limits for partition of each variable in two categories.
These limits were defined on basis of reported literature (i.e. low
birthweight < 2.5 Kg) or were based on results of prior amalyses
predicting birthweight.

Figure 4 explores the relationship between socioeconomic
score (SES) maternal height, caloric supplementation during preg-
nancy and birthweight with the proportion of infant deaths in the
four villages combined. 1In all four groups there is a lower pro-
portion of infant deaths in the "high" category of each variable.
However, the difference in the proportion of infant deaths in the
"high" and "low" categories is statistically significant only with
maternal height and birthweight.

Next, we studied to what extent each of these apparent associ-
ations with infant mortality held after controlling for the remain-
ing three independent variables. Given the small sample size, we
might not be able to measure the magnitude of the relationship
between each of the variables presented in Figure 4 and proportion
of infant deaths. In consequence, we explored mainly the consist-
ency or replicability of the direction of these relationships
across eight mutually independent comparisons.

Figure 5 shows the percentage of infant deaths for low and high
categories of socioeconomic score within categories of birthweight,
height and food supplementation. This analysis shows that once
these last variables are controlled, there is no consistent
association between socioeconomic score and infant death. This
suggests that the original trend observed in Figure 4 may be due
to the association between SES and the other three variables,
maternal height, food supplementation, and birthweight.

Figure 6 presents a similar analysis comparing low and high
categories of maternal height within categories of socioeconomic
score, caloric supplementation during pregnancy and birthweight.
It is evident that in all the eight comparisons the proportion of
infant deaths is consistently lower in the groups with high
maternal height than in those with low height. For instance,
within the low birthweight category, the mothers with high height
presented a lower proportion of infant deaths.

Women from poor populations are generally shorter in stature,
mainly because of long~-term malnutrition during the growth years
(23,45,64,65). The inference is that in these populations height
represents to some extent the nutritional history over the growth
yvears, and that it is this which affects capacity of the offspring
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Table 4

Limits Used to Form Dichotomous Variables

Variable Category
Low High
1- Supplemented calories < 20,000 > 20,000
during pregnancy
2- Maternal height (cm) < 149 > 149
3~ Socioeconomic Score < mean + 1SD > mean + 18D
of four of four
villages villages
4~ Birth weight < 2.5 Kg. > 2.5 Kg.

to survive. This gives rise to the idea of a generational mortal-
ity, determined during the mother's childhood.

The mechanisms through which short maternal stature are associ-
ated with poorer offspring survival remain obscure and may range
from greater susceptibility of the fetus to infection to adequacy
of the maternal nutrient supply to the placenta. 1In additionm,
smaller, stunted women are more likely to have contracted a pelvis,
difficult labor and birth trauma (23). Whatever the mechanisms
may be, it is evident that maternal height is, at least in these
populations, a risk indicator of infant mortality.

Figure 7 shows a comparison between two categories of caloric
supplementation during pregnancy within each category of socio-
economic score, maternal height and birthweight. This reveals
that infant mortality was lower in the high supplemented group
than in the low supplemented group in six of the eight independ-
ent comparisons. Of the remaining two comparisons in one there
was no difference and in the other infant mortality behaved in
the opposite direction.

In order to control for constant maternal factors, either
measured or not measured, we explored the relationship between
caloric supplementation during pregnancy and infant death within
pairs of siblings of the same mother (see Figure 8). For this
purpose the pairs of siblings were grouped according to the status
of the preceding infant: alive or dead and then, substratified
according to the status of the later infant (alive or dead). For
each of these sub-groups we computed the proportion of mothers
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who decreased their caloric supplementation during the later preg-
nancy (vertical lime of Figure 8). 1In the two independent compari-
sons presented in Figure 8 the proportion of mothers with decreased
caloric supplementation during the latter pregnancy was higher in
the groups in which the latter child died than in those in which
the latter child survived.
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In consequence, in spite of the small sample size of the study
groups, at present we believe that these results are compatible
with the hypothesis that maternal nutrition is causally related
to infant mortality. This conclusion arises from the following
facts: 1) the results of Figure 6 suggested that maternal height,
an indicator of nutritional history of the mother during ages of
growth, is consistently associated with infant mortality, and
2) the results presented on Figures 7 and 8 suggest that caloric
supplementation during pregnancy, an indication of maternal nut-
ritional status during intrauterine life of the baby, is also
associated with infant mortality in these populations.

The causal chain leading from maternal malnutrition to infant
mortality may be composed by the following steps: 1) Maternal
malnutrition may lead to smaller placental size and decreased
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Figure 5. Relationship Between Socioeconomic Score and Infant
Mortality After Controlling for Food Supplementation During
Pregnancy, Maternal Height and Birthweight.
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nutrient supply from the mother to the fetus. This would result
in developmental retardation during intrauterine life and there-
fore in decreased ability to survive during post natal life.

2) Maternal malnutrition may also produce sub-optimal lactation
performance which will contribute to the infant malnutrition,
growth retardation and, in consequence, may limit the infant's
potential to survive in its enviromment., Usually, this gradual
deterioration of the child's development may increase suscepti-
bility to infections of the gastrointestinal and respiratory
tracts which in turn would worsen the health status of the baby
and end up as the '"final" cause of death. There is available
evidence supporting the plausibility of several parts of this
hypothesis.
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For instance, there is increasing information supporting the
hypothesis that maternal nutrition affects the materno-fetal
nutrient supply (60), and that fetal growth retardation is
accompanied by suboptimal immune response to some infectious
agents (69). It is becoming evident that the nutritional status
of lactating mothers may affect breast milk output (70-72) and
infant growth, at least during the first 3 to 6 months of age
(72,73). Finally, data on the literature (reviewed in 74) as
well as our own data (see Table 1), suggest that in poor popula-
tions the duration of breast feeding may be truly associated with
the probability of survival.

The finding (see Figure 7) that the association between
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caloric supplementation and infant mortality does not disappear
after controlling for birthweight suggests that birthweight does
not contain all the prenatal information associated with infant
survival. An alternative explanation is that caloric supplementa-
tion during pregnancy not only affects birthweight but also post
natal maternal and infant nutritional status.

Finally, Figure 9 presents the relationship between two
categories of birthweight and proportion of infant deaths within
categories of socioeconomic score, caloric supplementation during
pregnancy and maternal height. It is clear that low birthweight
babies presented higher mortality rates in only four of the eight
comparisons presented in Figure 9. Of the remaining four, in two
there was no difference and in the other two the trend was to
higher mortality in the high birthweight group.
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Figure 8. Relationship Between Percentage of Mothers with
Decreased Caloric Supplementation During the Later Pregnancy and
Death of the Later Infant During the First Year of Age.

In parenthesis the numerator is the number of mothers with
decreased caloric supplementation during the later pregnancy as
compared with the preceding pregnancy and the denominator is the
total number of pairs of siblings in the group.
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Low birthweight (IBW) is considered the major predisposing
factor of infant death in both developed and developing countries.
Low birthweight infants who survive the first week remain at
higher risk, being especially more susceptible to infection and
severe malnutrition in developing countries. Even in developed
countries where such factors play a lesser role, LBW survivors
are 3-4 times more likely to die in the subsequent 11 months (49).
It is recognized that the major factors influencing birth weight
are of social, economic and biological origin, and that incidence
of LBW may be a very sensitive indicator of social change (13,67,
68). The results presented in Figure 9 suggest that the associa-
tion between birthweight and infant mortality may be explained,
at least in part, by maternal characteristics such as height,
socioeconomic score and food supplementation during pregnancy.

It should be noted in Figure 9 that the children with lower
infant mortality were those delivered from mothers with high
height and high supplement intake during pregnancy (deaths: O;
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n = 135). 1In contrast, there were 9 deaths in the group of child-
ren delivered by mothers with low height and low supplement intake
(n = 158; t-test with arcsine transformation: t = 4.7; p < 0.001).

Conclusions

Our conclusion from these findings is that both short and
long term maternal nutrition status may be causally related to
infant mortality.

It should be pointed out that this conclusion does not mean
that other factors namely medical care and environmental sanita-
tion are not important determinants of infant mortality in these
populations. Actually, it is probable that in these rural
populations in which medical care is available, infant mortality
is the end result of a complex interaction among several factors
including maternal nutrition. For instance, we have estimated
that in the four study villages the medical care system using
paramedical personnel and strict quality control systems is mainly
responsible for a decrement in IMR from 160/1000 in 1968 to about
85/1000 in 1969. The rest, from 85/1000 to 47/1000 may be
ascribed to the program of food supplementation or, in other words,
to the improvement of maternal and infant nutrition and to
improved medical care.

Some interactions are also probably occurring between both
programs, food supplementation and medical care. Several studies
have shown higher infant survival from mothers who have had more
antenatal visits when compared to those who have had less, or none
(16,25,26,27,32,74,75; see Table 1). 1If the mother's use of
medical care facilities is associated with maternal height or
supplement intake, this could explain differences in survival
associated with maternal height or caloric supplementation (75,
76). However, the present sample size does not permit us to solve
this problem and there is no study available that has placed an
answer to these questions (77). Further analyses are planned when
data collection of the present study is completed in order to
solve this problem. This lack of information may explain the
widely discrepant opinions as to the value of medical care and
maternal nutrition as determinants of infant mortality (20).

In conclusion, mechanisms for translating SES into variations
in infant mortality exist at several levels, The main maternal
factors are malnutrition and illness which lead to delivery of
poorly viable infants. These effects, aggravated by poor medical
care, lead to infant death.

These factors are heavily affected by access and utilization;
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diet is affected by food availability, including food costs and
individual purchasing capacity. The same holds for medical care,
and home sanitary practices. Finally, each of these factors is
influenced by socioeconomic status which affects income and atti-
tudes and thus ability to afford medical care, adequate diet, and
housing and sanitation. The relative contribution of each parti-
cular factor in a specific population and the variations among
populations must be taken into account in program planning and
study design. From this point we will turn our attention to the
consideration of possible interventions.

RECOMMENDATIONS TO DECREASE INFANT MORTALITY

In the following paragraphs we will discuss the main aspects
of action programs designed to decrease infant mortality in
developing nations. We will mention the social, political and
economic limitations to action; the need to implement immediate
action programs and the main characteristics that these programs
should have in poor populationms.

Clearly, the nutrition and health problems in low income pop-
ulations lie in the framework of the political, social and econ~-
omical system. For example, poor communications, inadequate
transportation, low availability of potable water, low purchasing
power for basic foods are important nutritional determinants.
Most intervention programs are dominated by political and finan-
cial considerations, and the scope of planning must necessarily
work within (or against) these constraints since they affect the
basic questions of what population is to be served, where, by
by what method of intervention, and at what level of funding.

In some countries important improvements in socioeconomic

conditions may not ocecur within the next one or two decades.

Even in such cases action should not be delayed: the link between
health services and political structure may be flexible enough to
allow for an independent limited improvement of health. This is
possible through integrated health care programs using paramedical
personnel strongly emphasizing nutrition and preventive medicine
and assigning first priority to high risk population groups.

Most efforts to reduce IMR are directed towards the mother
during pregnancy. The data herein presented point out that in
addition to these efforts, a long-term orientation is necessary
for the malnourished girls of today may be the high risk mothers
of tomorrow. In comsequence, we believe that there is already
sufficient knowledge in this field to justify planned action and
evaluation. Based on both the literature reports and our own
findings we believe it reasonable to assume that both short and
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long-term maternal nutritional status are important determinants
of infant survival, growth and development. Waiting for firm
results and conclusions before acting will mean waiting for a
long time, sometimes longer than the life of the funding
government.

As implied above, actions to decrease IMR must be specifically
adapted to the needs of each population group. For instance, in
many developed countries IMR has begun a leveling trend as it
approaches a purely perinatal component. It seems that further
improvement in developed countries depends on advances in medical
science, whereas in the lesser developed countries it depends on
better nutrition and sanitation, and improved delivery of present
medical knowledge.

Projects to decrease infant mortality rates must be run by
local people, giving them confidence and a real awareness of their
usefulness in dealing with the prevailing conditions of their
societies, Although international coordinated effort is requirad;
this may be limited to promotion and technology. Local, national
personnel should establish their needs and programs and be in
charge of program implementation and evaluation.

SUMMARY

In summary, results of different analytic approaches indicate
a clear association between socioeconomic characteristics of the
mother and infant mortality rates. The reports available and our
own data support the hypothesis that short and long-term nutrition-
al status of the mother are causally related to infant mortality
and are in part responsible for the association between socio-
economic status and infant mortality.

The actions to decrease infant mortality rates should be
specifically adapted to the needs of each population group, and
planners should take account of the socio-political constraints
that influence maternal nutritional status. As immediate actions
simplified health care programs with a strong nutritional com-
ponent and using paramedical personnel may be very effective. 1In
the long-term, the most effective actions in developing countries
will be those oriented to a comprehensive attack of the causes of
underdevelopment. To be successful, this approach will require
positive socio-political changes focused on social objectives
and rational economic methods. The social changes are justified
not only because the ultimate goal of development is to improve
the quality of human existence but also because the quality of
human life is the key to development.
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NUTRITION AND BREAST-FEEDING

INTRODUCTORY STATEMENT

Jeanne Clare Ridley
Georgetown University

Washington, D. C.

The declines in breast-~feeding now occurring in developing
countries have been viewed increasingly with alarm by professionals
in several fields. Since breast milk is considered the best source
of nutrition for infants and, in developing countries, has the
added advantage of being the most sanitary source of food for
infants, health personnel and nutritionists have become greatly
concerned. Demographers have also voiced concern since, in the
absence of family planning techniques, lactation has played an
important role in maintaining fertility at a lower level than it
would be if breast-feeding were not practiced.

In the paper by Van Ginneken, the state of knowledge concern-
ing the relationship between lactation and fertility is summarized.
Although considerable data exist as to the duration of breast-
feeding for a large number of populations, less information is
available concerning the degree of variability in the return of
menstruation between women and among populations. While the return
of menstruation among lactating mothers is not an accurate indi-
cator of ovulation, few studies have been carried out to indicate
when ovulation does occur. Moreover, the fact that some women
become pregnant while breast-feeding and not menstruating, indi-
cates the need for a better understanding of the contraceptive
effect of the prolongation of amenorrhea by breastfeeding. As
Van Ginneken suggests, there appears to be a limit to the contra-
ceptive effect of lactation. The longer lactation lasts the less
breast-feeding contributes to the prolongation of amenorrhea. The
implication for family planning programs in defining the optimal
time lactation can be expected to have a contraceptive effect is
obvious. The need for detection methods of ovulation that are
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relatively inexpensive and reliable would greatly aid such programs.

Several other aspects of lactation are also in need of explora-
tion as suggested by Van Ginneken. First, little is known regarding
the impact of shifts from full to partial breast-feeding on the
return of menstruation and ovulation. Must full breast-feeding
always be maintained for lactation to have a contraceptive effect?
Alternatively, is there a level of partial breast-feeding that must
be maintained for a contraceptive effect to be present? In addition,
studies of the impact of lactation on fertility have not adequately
indicated the role of other factors that may tend to obscure the
relationship.

Not surprisingly, Van Ginneken's paper raises more questions
regarding the possible impact of lactation on fertility than it
answers. The author emphasizes the need for more studies utilizing
a prospective design. While such studies overcome the memory bias
inherent in retrospective studies, prospective studies must be of
sufficient length to ensure that a truncation bias is not introduced.

The paper by Wray provides an excellent review of data col-
lected in the late 19th and early 20th century from the now
developed countries which indicate that the adverse consequence of
taking babies off the breast early were recognized and well docu-
mented a century ago. Thoigh less definitive data are available,
it seems clear that the developing world is now following the
developed world in the transition from breast to bottle feeding,
with the attendant increases in infant morbidity and mortality.

Little is known about the effect of the nutritional level of
the mother in shortening or lengthening the period of amenorrhea
associated with breast-feeding. Variations in the length of
amenorrhea accompanying lactation observed for different popula-
tions, however, suggest that the nutritional level of the mother
may not be unimportant. Wray reviews data which suggest that
breast milk production, particularly volume and perhaps duration,
may be related to not only current maternal nutritional status,
but also childhood nutritional history. Because the infant nurs-
ing patterns are likely to be related to milk production, it is
possible that this may be a link relating poor maternal nutritional
status to prolongation of lactational amenorrhea.

The general hypothesis presented in the earlier paper by
Frisch as to body weight and fecundity suggests that the contra-
ceptive effect of lactation may be overstated when estimates are
based on data for malnourished mothers. 1Indeed, very few studies
in well nourished populations of the period of amenorrhea associated
with lactation have been carried out. Studies that would dis=-
entangle the role of such factors as nutrition, age of the mother,
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infant survival and such cultural practices as abstinence need to
be initiated. Such studies could have important implications for
populations in developing countries if levels of nutrition are
improving.

The paper by Butz presents a model from which a large number
of hypotheses regarding the determinants of breast-feeding prac=-
tices may be derived, He identifies a large number of questions
to which future research should be directed if the factors associ-
ated with social choices relating to breast-feeding practices are
to be identified and policies initiated to stem the declines in
breast-feeding occurring in the developing countries. For example,
a crucial question is ''what populations are at risk of breast-
feeding declines and subject to the deleterious effects on infants
and on birth spacing?" The model proposed by Butz indicates a
wide range of factors that need investigation before effective
policies can be initiated. Although the discussion of the model
is focused on its application to developing countries, the model
also provides a framework for studying the factors contributing to
the low incidence in breast-feeding in developed countries. It
thus has policy implications if breast-feeding in such countries
is to be encouraged for purposes of ensuring better health among
future generations.



THE IMPACT OF PROLONGED BREAST-FEEDING ON BIRTH INTERVALS AND

ON POSTPARTUM AMENORRHOEA

Jeroen K. Van Ginneken
International Planned Parenthood Federation

London, England

INTRODUCTION

Many mothers in low income countries, particularly in rural
areas, nurse their children from 1 to 2 years. The main purpose
of this practice is, of course, to provide newborn children with
the nutrition necessary for their survival. Many mothers continue
to nurse for a long time, often until or after the next pregnancy
occurs, because they believe it to be beneficial for their child-
ren (1,2).

Sustained lactation requires an adequate interval between
births. 1In various countries it is believed that lactation itself
postpones the next pregnancy and that adequate spacing between
births can be achieved by means of this practice (3,4,5). 1In other
societies spacing between births is realized through lactation
together with abstinence from sexual relations after birth. This
is particularly prevalent in polygynous societies in Africa, but
also - with large variations in duration of abstinence - in many
Asian countries* (2,6,7,8,9,10).

From a physiological point of view lactation postpones the
next pregnancy by inhibiting ovulation and by delaying resumption
of the menstrual cycle. Suckling of the infant is important for

* Reinforcing the practice of postpartum abstinence is the belief
that intercourse during lactation reduces the supply of milk or
spoils the milk. Abstinence is thus often practiced to make sure
that mothers can nurse their children for 1 to 2 years uninterrupt-
ed by another pregnancy.
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suppression of the menstrual cycle, because suckling leads to the
release of prolactin which not only plays an important role in
milk production, but also inhibits the release of gonadotrophins
which initiate resumption of the menstrual cycle (11,12,13).

This paper will examine the birth spacing effect of prolonged
breastfeeding and findings will be summarized which are derived
from sample surveys conducted during the last 10 to 20 years. 1In
these surveys women were interviewed concerning their breastfeeding
practices and its impact on subsequent pregnancies and on resump-
tion of menstruation. Questions on these topics were asked in
many of these surveys as part of fertility and family planning
surveys and in several epidemiological surveys.

This paper consists of four sections. 1In the first we will
describe the kind of information that can be obtained by means of
surveys and identify problems that can arise in the interpretation
of survey data., Information on incidence and duration of breast-
feeding derived from recent surveys will be provided in the second
section. The third section will summarize results of the impact
of lactation on the length of pregnancy and birth intervals. The
fourth section will describe findings on the relationship of lac-
tation with postpartum amenorrhoea together with the role of full
versus partial breastfeeding.

METHODOLOGICAL ISSUES

Components of Birth Intervals

In order to determine the kinds of information that can be
obtained with sample surveys it is useful to consider Figure 1,
showing the three parts of birth intervals, for lactating and non-
lactating women (14,15,16). The birth of a child is followed by
a period of postpartum amenorrhea which is usually longer for nurs-
ing than for non-nursing women. This interval is followed by
resumption of menstruation and a number of menstrual cycles leading
to the next conception. This is the menstruating interval which
is followed by a period of gestation. The data of conception is
usually estimated at two weeks after the first day of the last
menses. A birth interval, therefore, is the period ranging from
one birth to the next and is composed of a period of amenorrhea,

a menstruating interval and gestation. An (inter-) pregnancy
interval is the period ranging from a birth to the next conception.

A period of amenorrhea can lead directly into a period of
gestation indicating that pregnancies can occur during the first
menstrual cycle after birth before resumption of menstruation.
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Resumption of menstruation is, therefore, a less accurate indicator
of return of fecundity after childbirth than is first ovulation
after birth. Ovulation cannot, however, be determined with the
type of surveys being discussed here,

On the basis of these definitions we can describe in more
detail the information which can be obtained by means of sample
surveys about lactation and its impact on fertility. Information
is collected about the various dependent variables such as the
length of pregnancy intervals, birth intervals and periods of
amenorrhea. These dependent variables are related to independent
variables, in particular nursing or non-nursing status, duration
of nursing, and full versus partial nursing.

Interpretation of Data in Sample Surveys

Three problems often occur when interpreting survey results.
One problem is how to isolate the influence of the independent
variable under study (e.g., lactation) from the influence of other
factors that affect the dependent variable (e.g., pregnancy inter-
vals). This is often difficult and the possible role of extraneous
variables should be kept in mind when interpreting results.
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Figure 1. A Comparison of the Components of Birth Intervals of
Lactating and Non-Lactating Women.
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The second problem with surveys concerns the accuracy of the
data obtained. This is particularly a problem with regard to
retrospective surveys since respondents may not be able to give
accurate answers about events which occurred one or two years
earlier. For instance, with respect to the duration of breast-
feeding, many more respondents are often recorded as having stopped
nursing after 6, 12, 18, or 24 months,

The third problem is how to classify incomplete observations.
An observation is incomplete when, for instance, women are still
nursing at the cutoff date of a study. Data based on such incom-
plete observations can be included in the analysis by application
of the life-table method (17,15). Generally, when incomplete
observations are included, preference should be given to using
medians instead of means when estimating variables such as duration
of lactation or amenorrhea.

INCIDENCE AND DURATION OF LACTATION

Table 1 shows percentages of women who started breastfeeding
after birth together with mean duration of breastfeeding (for
those who practiced it). The studies represented in Table 1 were
undertaken fairly recently (since 1967) and sample sizes were
fairly large (at least 500 women or births). Table 1 indicates
that lactation is nearly universal in rural areas of low income
countries for which data are shown with the exception of Chile.
The percentages of women who initiate nursing in urban areas are
somewhat smaller than in rural areas, a result which is also found
in many other surveys. Mean duration of lactation varies consid-
erably. Nursing lasts 1 to 2 years in most countries, with a
tendency for women in rural areas to nurse longer than those in
urban areas. Women tend to nurse for shorter periods in countries
in South and Middle America than in other regions. More quantita-
tive information about incidence and duration of lactation is
provided by Rosa (1).

Prolonged breastfeeding is, in general, much more common and
practiced for a longer period of time in low income countries than
in high income countries. On the basis of two surveys conducted
in Paris, France, five years ago and in Great Britain ten years
ago, for instance, it is estimated that only about half of the
women began with nursing and that they continued for an average of
1 and 2 months respectively (18,19).

Many women begin with "on demand" nursing which ranges in
most cases from 5 to 10 times per day. This decreases gradually
to once or twice a day as the child grows older and solid food,
with or without animal milk, is added to its diet. For more
details on weaning practices in various countries, see Jelliffe
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Table 1

Incidence and Duration of Lactation Derived from
Selected Surveys in a Number of Countries

Mean Duration of

Region Residence Percent Lactation (for women
and (Urban/ Starting whose children were
Country Source Rural) Lactation weaned)

Africa

Algeria 1 u/r 90-95 17.5

Nigeria 2 r 95-100 15

Senegal 1 r 95-100 24

Zaire 3 r 95-100 26

South and

Middle America

Chile 4 r 68 6
Colombia 1 u 79 5.5
Martinique 1 u/r 93 10
Venezuela,

Colombia 1 u 84 7.5
Asia
India,Calcutta 4 u 93 16.5
India, Tamil Nadu 4 T - 22
Indonesia 5 T 99 25.5
Philippines 6 u 77 10
South Korea 1 u/r 96 24
Taiwan 1 u/r 93 16
Thailand 1 u 86 12
Turkey 1 u 95 13

Sources: 1. Original source cited in (5); 2.(7) (median);
3. (21) (estimated from Figure 2, p. 439);
4, Original source cited in (1); 5. (10); 6. (30).

(20). Fertility and family planning surveys have, in general,
provided little information about provision of supplementary nutri-
tion at different intervals after birth and the time of its intro-
duction, It is important to know for how long the infant was
dependent exclusively on breast milk and when and how often
artificial feeding was provided, because of implications for return
of fecundity.
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A few surveys give information about supplemental feedings,
and they indicate that the average period of full lactation varies
a great deal., 1In the Nigerian survey represented in Table 1, the
median duration of full lactation was 11 months, while the median
period of full and partial lactation was 15 months (7). 1In the
survey in Zaire, on the other hand, it is estimated that supple-
mentary feeding was generally introduced after 4 months, whereas
these women continued breastfeeding for more than two years (21).
In the Punjab (India) (4), full lactation was practiced for 6 out
of 21 months (medians), whereas in a survey in rural Bangladesh
(15) it was about 9 months out of 25 (also medians). 1In many low
income countries, in particular in urban areas, breastfeeding has
declined rapidly and has been replaced by bottle feeding (18,22).
This decrease in incidence and duration is related to a number of
"modernization" processes, such as widespread use of advertising
techniques to promote infant formulas, negative attitudes of medi-
cal personnel towards breastfeeding, employment outside the home,
and inadequate socialization in nursing techniques in nuclear
families (absence of relatives who have had experience with nurs-
ing) (18,22).

The influence of some of these modernization processes can be
inferred from survey data. Incidence and duration of breastfeed-
ing are related to place of residence: it is more common and
practiced longer in rural than in urban areas. Many surveys have
also found a correlation with age at birth: among younger women it
is less common and practiced for a shorter time than among older
women. Another factor is education: women with higher levels of
education breastfeed less frequently and for a shorter time than
those with lower levels of education. Employment outside the
home is another factor of importance. Several surveys have found
that women who were employed and need to return to their jobs soon
after delivery nurse less frequently than those who are not working
(20,23).

LACTATION AND PREGNANCY AND BIRTH INTERVALS

Pregnancy Intervals of Nursing and Non-nursing Women

Figure 2 compares the average pregnancy intervals of nursing
mothers who had weaned their children with those of mothers who,
because of foetal deaths or stillbirths, had not nursed. In five
selected studies in populations who did not use contraception, or
only to a small extent, average pregnancy intervals were substanti-
ally longer for nursing than for non-nursing women. The difference
ranges from 13-15 months in Bangladesh, Nigeria and Senegal to 7
months in Taiwan. The duration of lactation averaged about two
years in the rural areas of Bangladesh, Nigeria, Senegal and Punjab
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(India) in which these studies were undertaken, and about 16 months
in Taiwan. These survey results suggest that lactation lengthens
pregnancy intervals substantially.

Figure 3, showing the cumulative percentages of nursing and
non-nursing women conceiving at various intervals after delivery
in two populations, illustrates in another way the substantial
effect of the practice of prolonged lactation on the rate of con-
ception. Among nursing women, pregnancy rates remained low until
about one year after birth. After one year these rates increased
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Figure 2. Average Length of Pregnancy Intervals (in months) of
Lactating and Non-lactating Women

Sources: 1. (15) (estimate) (medians); 2. (31) (means);
3. (32) (means); 4. (17) (medians); 5. (33) (means).
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rapidly, suggesting that lactation protects against conception for
a limited period of time.

One can estimate the relative effect of lactation on the
overall birth interval by determining first how much longer birth
intervals are for nursing than for non-nursing women. Next one
can calculate to what extent this difference contributes to average
birth intervals. In rural Bangladesh, for instance, birth inter-
vals averaged about 36 months; lactation accounted for about 15
months, which means an effect of 15/36 or 42 percent. In many
other low income countries, this impact on birth intervals is
smaller than in rural Bangladesh. In Taiwan, for example, where
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Figure 3. Cumulative Percentages of Lactating and Non-lactating
Women Becoming Pregnant (by Months) Since Birth
Sources: 1. (27); 2. (17) (women 20-29).
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birth intervals were about 30 months, the contribution of lactation
was 7 months or 23 percent.

The data of Figures 2 and 3 should be interpreted with caution
because several factors were not adequately controlled. One of
these is malnutrition. Malnutrition may have an impact on amenor-
rhea independent from the effects of lactation (12,15). Other
factors are the practice of abstinence from sexual relations after
birth, or the frequency of sexual relations. In the Punjab (India)
for example, postpartum abstinence lasted six months on average
(17). It is also possible that the mothers who had experienced a
foetal death or stillbirth wanted another child as soon as possible.
Coital frequency may have been higher in that group of women than
in the group of nursing women, thus influencing the pregnancy
rates observed. Still another factor could be differences in the
age composition of the study populations. Most studies have found
that older women experience longer periods of amenorrhea than
younger women; this relationship continues to exist after control-
ling for the duration of lactationm (25).

Conception Before Resumption of Menstruation

It is important to know to what extent pregnancies occur
before resumption of menstruation. Results of 4 studies using
prospective designs are available on this subject. These studies
in India, Bangladesh, Chile, and U.S.A. (Alaskan Eskimos) show
percentages of women conceiving during amenorrhea of 7.0, 6.8,

7.0, and 2.6 percent respectively (4,15,26,27). These findings are
consistent with results obtained by Perez et al., who demonstrated
that the large majority of first menstrual cycles beginning more
than two months after delivery were ovulatory (26).

Several other studies have reported on the incidence of preg-
nancies during amenorrhea, but these have not been used, either
because retrospective designs were used, or because there were
indications that some women had stopped nursing before becoming
pregnant, or were using contraception.

A few studies have also measured pregnancy rates for nursing
and non-nursing women after resumption of menstruation. These
studies found no significant differences in the rate of conception
after resumption of menstruation between nursing and non-nursing
women (4,27). These studies suggest that the pregnancy preventing
capacity of prolonged breastfeeding is probably to a large extent
limited to the amenorrheic period.
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LACTATION AND AMENORRHEA

Figure 4 presents data on average duration of lactation and
of amenorrhea in nine selected surveys. The practice of nursing
can have a substantial impact on the duration of amenorrhea; how-
ever, there is marked variability between different areas. The
duration of lactation was a little more than 2 years on the average
in rural areas of Zaire, Indonesia, and Bangladesh, with the dura-
tion of amenorrhea ranging from 19 to 22 months. In urban areas
in Thailand, the Philippines and Colombia, on the other hand,
duration of lactation ranged from 8 to 12 months, whereas periods
of amenorrhea lasted from 4 to 6 months. The period of postpartum
amenorrhea averaged about 2 to 3 months for non-nursing women (1).
Thus, the impact of lactation alone on amenorrhea ranges from a
maximum of about 18 months (in rural areas of Zaire, Indonesia and
Bangladesh) to a minimum of about 2 months (in urban areas of
Colombia).

The relationship of duration of amenorrhea to duration of
lactation for groups of women in four different countries who
nursed their children for different periods of time is shown in
Figure 5. This reveals a linear relationship in all 4 studies
between the two variables. The plateauing of the curves for Taiwan
suggests that the longer lactation lasted, the less it added to the
average duration of amenorrhea., The maximum duration of amenorrhea
observed was about 15 months in the Taiwan study for women nursing
between 30 and 36 months.

This Taiwan study also showed the influence of age on the
relationship between lactation and amenorrhea. Periods of amenor-
rhea were in general shorter for women below 30 than for those who
were 30 or older. Duration of amenorrhea levelled off for women
below 30 at about 12 to 13 months for periods of lactation lasting
21 months or more (25).

Figure 6 shows cumulative percentages of nursing women resum-
ing menstruation at various intervals after delivery. Comparison
of the five groups of women who were nursing at the time of resump-
tion of menses indicates that menstruation resumed faster for women
in India, Taiwan and South Korea than for women in Bangladesh and
Zaire. Comparison of these five groups of nursing women with the
non-nursing group of women makes it clear that menstruation resumed
much faster in the latter group than in the former groups. An
important point to consider here is the variability of resumption
of menses. Although the median duration of amenorrhea was about
12 months in India, Taiwan and South Korea, a considerable propor-
tion of the nursing women experienced resumption of menstruation
much earlier or much later than that average. The surveys in
India, Taiwan and South Korea, for instance, show that among breast-
feeding women 14 to 19 percent had resumed menstruation within 3
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months after delivery.

Figures 5 and 6 indicated that lactation does not postpone
amenorrhea indefinitely; the longer breastfeeding is practiced the
more likely it is for menstruation to return and variability of
resumption of menstruation is considerable. This is very likely
due to the fact that women change from full to partial lactation
at different intervals after birth. Perez, et al. and Chen, et al.
found that menstruation (and ovulation) returned much sooner in
women who gave supplementary foods to their infants than in women
who were providing breast milk only (26,15). These changes from
full to partial lactation probably explain why resumption of lac-
tation can return quite early after birth. During partial lacta-
tion the amount of suckling by the child is much less intensive
than during full breastfeeding, leading to hormonal changes which
initiate the resumption of the menstrual cycle. The topic of
changes from full to partial breastfeeding and its impact on return
of menses should receive more attention in future surveys,

CONCLUSIONS

The effect of prolonged breastfeeding on birth and pregnancy
intervals in low income countries can be substantial. In surveys
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undertaken in the rural areas of some developing countries, it was
found that lactational amenorrhea increased birth intervals by

more than 15 months. An increase in birth intervals of 15 months
accounts for about 40 percent of the average birth interval, imply-
ing a considerable impact on fertility. In most countries, the
effect of breastfeeding is smaller. It is estimated that in most
countries, lactation increases birth intervals from 5 to 20 percent.

. 1
— .+ —+ — Bangladesh (lactating)
--------- zaire (lactating)
_____ India (1a<:tating)3

. 4
xxxxxxxx S. Korea (lactating)

0 - . . .5
! — . Taiwan (Lactating)
o Taiwan (Non-Lactating _

80

£ 60

o

&

«

3

1%

o

7]

2

g

80

£ 40

5

w

0

-

5e
20

Months since birth
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The incidence and duration of lactation in developing countries
have decreased during the last two or three decades. In particular,
in urban areas, it has been replaced to a considerable extent by
bottle feeding. A consequence of this decrease in breastfeeding
practices is that many more women are exposed to longer periods of
risk of pregnancy. This means shorter birth intervals (which has
probably happened in some countries) unless use of contraception
increases at the same time.

Lactational amenorrhea, while highly effective as a fertility
control measure at the population level, suffers from a lack of
reliability at the individual level for two reasons. First, vari-
ability in resumption of menstruation is considerable. Although
average duration of amenorrhea can be relatively long - for instance,
one year - menstruation returns much sooner (or later) than this
average for a considerable proportion of women. This is probably
strongly related to the change from full to partial breastfeeding
on return of ovulation and on resumption of the menstrual cycle.
Second, from 3 to 7 percent of nursing women are likely to become
pregnant during lactation amenorrhea since ovulation will precede
the first menstruation in most cases.

Prolonged breastfeeding is thus by no means a perfect contra-
ceptive method and women should - ideally speaking - initiate use
of contraception at the beginning of the first ovulatory cycle
after birth and not after return of first menses. Practical ovula-
tion prediction methods do not exist, however, which leaves post-
partum women who are interested in fertility control with the
choice to initiate use of contraception immediately postpartum, at
a certain point in time after birth, say 3 or 6 months, after
changing from full to partial breastfeeding or after return of
menstruation. Various cultural, health, nutritional and program-
matic factors should be taken into account when making recommenda-
tions concerning use of contraception during lactation and the
most appropriate time for its introduction. These have been
discussed elsewhere (1,5,13,28,29).
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MATERNAL NUTRITION, BREAST-FEEDING AND INFANT SURVIVAL
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INTRODUCTION

As important as breastfeeding may be to human survival - more
so today in some places, of course, than in others - there is much
that is not well understood, and much to be learned. A number of
studies have been carried out to explore various aspects of the
relation, but they vary widely in the problem addressed, in the
variables examined - or omitted - in the methods used, in the pop-
ulation samples studied, and in the conditions under which they
were conducted. Thus, if conclusions are to be reached, some of
them will necessarily be tentative, if not downright speculative -
and probably biased, In this presentation, I will address three
questions:

1) Does maternal nutrition affect lactation?
2) Does lactation affect infant survival?
3) Do maternal nutrition and lactation affect fertility?

DOES MATERNAL NUTRITION AFFECT LACTATION?

An awareness of the importance of maternal nutrition in lacta-
tion must have been present in ancient times. Wickes, in his
extensive review of the history of infant feeding (1), provides
repeated references to the importance of health, and implicitly the
nutritional status, as a critical criterion in the selection of
wet-nurses. Such references go back to the time of Galen and
appear in the Roman, Byzantine, and Arabic medical literature and
can almost be said to dominate the Renaissance literature pertain-
ing to child health.
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In more recent times there has been a widespread notion that
not only is the growing fetus nourished at the expense of the
mother, but so indeed is the nursing infant. It is assumed that
nutrients necessary for human milk production are mobilized from
the mother's own tissues whether or not her diet is adequate.

This seems to make "biologic sense." Given that the newborn is so
dependent on the mother's capacity to produce milk, it should not
be surprising that human mammals, like other mammals, have the
capacity to produce the nutrients necessary for survival of their
offspring.

If we examine the attempts to study the association between
maternal nutrition and lactation, we find a modest number of useful
studies. However, a failure to define, or to distinguish clearly
between, maternal nutritional status and the nutritional adequacy
of the mother's current diet is characteristic of the literature
reviewed here, and is a source of potential confusion. Habicht
et al. have asserted that the mother's nutrition during her own
childhood and her pre-pregnancy nutritional status are factors
which must be considered in evaluating the effects on birth weight
of maternal dietary intake during pregnancy (2). Miller's study
of Edinburgh mothers, in which he noted that women under 5 feet
tall (only 10 percent of the sample) '"were not as successful in
breastfeeding their infants as the taller women'" (3), suggests
that childhood and pre-pregnancy nutrition may also affect
lactation.

The problem is very relevant: in those populations where the
potential effects of maternal diet on lactation are of most concern,
the mothers have often been malnourished since childhood. Thus
differences in quality and quantity of breast milk found in popula-
tions where dietary intakes are inadequate may be due to the
mothers' current situation, their prior nutrition, or some combina-
tion. We could reasonably expect that the effects of acute nutri-
tional deprivation would be less marked in women with adequate
stores of body fat. Similarly, the effects of nutrition supple-
mentation could vary with the inadequacy or adequacy of the
mother's ordinary diet or with her basic nutritional status.

These study limitations must be kept in mind when we examine
the different ways in which nutrition affects lactation. The
areas I would like to focus on are: the effects of maternal nutri-
tion on the quality of the milk, on the quantity produced each day,
and on the duration of breastfeeding.

Quality of Breast Milk

Studies of the composition of breast milk are relatively
straighforward. Methods for quantitative analysis of the important
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nutrients are well known and can be carried out in many parts of
the world; samples of milk, sufficient for such analyses, are easy
enough to obtain. It is not surprising, therefore, that there are
far more studies of the composition of breast milk than there are
of any other aspect of lactation. Though many constituents of
human milk have been examined in such studies, this review concen-
trates mainly on proteins, fats and carbohydrates. There are a
number of studies by now which do show that there are significant
alterations in the composition of breast milk produced by women
who are themselves at the lower end of the nutritional scale.
Interestingly enough, fat, normally the source of over half the
calories in human milk, seems to be the component that varies
most, while protein and lactose levels are usually maintained at
more consistent levels. Studies of women in various tribal groups
in New Guinea (4) and women in India (5,6,7) and Pakistan (8),
where daily caloric intakes of lactating women are reported to be
1000-1500 calories per day below the recommended allowances, some-
times show quite low levels of fat in breast milk. In New Guinea
tribes, Balley found several in which the mother's milk contained
less than 3 grams/100 cc (4). In South India, Gopalan reported
fat levels at about 3.34 grams/100 cc (5), and Karmarkar found
similar levels around Baroda (6).

Hanafy and colleagues in Egypt have reported the only avail-
able direct comparison of milk production in well nourished and
malnourished women (9). Nutritional status of the women, who were
from "a moderate to poor economic standard," was determined on the
basis of arm circumference, weight for height, serum albumin and
urea/creatinine nitrogen ratios. Caloric intake of the women was
not reported, but all of the 17 malnourished women reported diets
low in protein, while 5 of the 24 considered well nourished gave
such histories. Protein, lactose and fat content were found to
be lower in the milk of malnourished women, but only the protein
levels were significantly different. Total calories per 100 ml,
however, were also statistically significantly less in that group.

\

Quantity of Breast Milk

Measurement of the volume of breast milk produced each day is
much more difficult than simply measuring the composition of a
sample of breast milk. There are two alternatives: (1) weigh the
baby carefully (and his/her diapers) before and after each and
every feeding, around the clock, or (2) mechanically empty a full
breast and then multiply the amount obtained by some factor to
estimate the daily quantity. Both of these approaches are fraught
with a great variety of possible errors. Most studies are based
on weighing the babies and the difficulties are obvious. The
simple technical problems of weighing are complicated by the fact
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that when a mother is brought into a hospital for the purpose of
determining milk output, the quantity she produces increases daily
for at least a week, with as much as a two-fold increase in output
(10). There are, of course, psychological and emotional factors
which probably affect this output. Older studies have shown that
output, at least as reflected by growth of the infant, is greater
on a demand schedule than it is on a fixed schedule; demand-fed
babies gain faster than clock-fed babies (11,12). Thus, if the
feeds are arranged at, say 4-hourly intervals, for the necessary
convenience of the staff, output is likely to be lower than it
might be if the baby were breastfed ad lib. Finally, Egli et al.
have shown that output also varies with frequency of feeds. They
found, for example, that when the number of feedings per day were
reduced from 6 to 5, output fell (13).

For these and other reasons, the number of reliable studies
of the quantity of breast milk produced are few. A scrutiny of
the literature, however, suggests that there may well be signific-
ant variation with maternal nutrition. It appears from studies in
Africa (10,14) that where the caloric intake of the mother is
adequate, the volume of milk produced is on the order of 700 to
800 cc/day, a level approximately equal to that of mothers in
Europe or North America (15). Where caloric intake is 2000 calor-
ies per day, or less, as observed in Mexico (16) and India (5,6)
or New Guinea (4), the volume tends to range from around 400 to
600 cc/day. In Egypt (9) the volume produced by malnourished
mothers (in a small sample) actually exceeded that of well nour-
ished mothers in the 3rd and 4th months. Throughout the remainder
of the first year, however, their production fell far behind that
of the well nourished mothers. Studies by Chavez et al. in Mexico
(16) and by Gopalan in India (5) showed that when the diets of
these women is supplemented, the volume of milk produced increases
moderately, but there is little or no change in the composition of
the milk. What is especially interesting in Gopalan's study is
that he found that among hospitalized women on a daily diet pro-
viding 2900 calories, milk production increased about 100 cc per
day when protein intake was increased from 61 gm to 99 gm per day.
In Africa, where the mothers were receiving 3000 calories per day
and producing 700 or 800 cc/day, Edozian was able to provoke
increases on the order of 200 cc/day by increasing the daily
protein intake from 25 grams to 100 grams with diets that were
carefully isocaloric (1l4). It is obvious that much more informa-
tion is needed in order to clarify and quantify the relative
effects of calorie versus protein deficiencies on human milk pro-
duction, but clearly improvement of the maternal diet can increase
milk output.
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Duration of Breastfeeding

Determining the relation between maternal nutrition and the
duration of breastfeeding is immensely complicated by the fact
that what determines the length of time a mother chooses to breast
feed her infant depends on a variety of external factors, not the
least uncommon of which is her next pregnancy. Whether or not she
must return to work, the availability of other alternatives in
feeding, advertising pressure, medical advice, and many other
factors may also be involved. Add to those complications the nec-
essity to follow, carefully, a sizable group of women over a
period of many months, and it is by no means surprising that there
are almost no studies which speak reliably to this issue.

In point of fact, I have been able to find only one such study,
which was carried out at INCAP in Guatemala a few years ago (17,18).
There, in conjunction with a longitudinal study of the effects of
malnutrition on mental development in children, a population of
mothers was followed over a period encompassing both pregnancy and
lactation. In the population under study, it is the custom to
breast feed as long as possible; the women are neither under
pressure to return to work, nor is there any advertising or other
pressure to persuade them to change to bottle feeding. Thus, each
mother tends to nurse her infant until her milk production ceases.

Women were grouped according to the duration of lactation and
mean values of the weight gains and losses were plotted for each
group; results are shown in Figure 1. The mothers who were able
to breast feed their babies only 9 months or less gained relatively
less weight during their pregnancy, lost more weight in the post-
partum period, and remained below pre-pregnancy weight levels until
their milk "dried up." Those mothers who were able to breast feed
for 21 months or more gained substantially more weight during their
pregnancy, their postpartum weight loss was much less, and their
body weights generally stayed well above pre-pregnancy levels
throughout the period of lactation. Women who breast fed for
periods intermediate between 9 months and 21 months gained pro-
portionally more weight during pregnancy and lost less during
lactation. These findings strongly suggest that maternal nutrition
may be associated with duration of lactation in those situations
where no other factors intervene.

The INCAP study is unique. There is other evidence which may
be relevant, however. There are a number of places where, though
breastfeeding is the cultural norm, the duration of lactation
varies widely. In South India, Rao, et al. (7) found that "In
spite of the general desire on the part of the mothers to continue
suckling, nearly 40 percent had to wean their babies fully by the
end of one year..." As shown in Table 1, in 29 percent of these
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Table 1
Womens' Reasons for Discontinuing Breastfeeding

in the First Year of Life, as Reported in
Three Countries: India, Jamaica, Colombia *

Percent Reporting

Reasons India Jamaica Colombia
Milk stopped 29.1 43 34.8
New pregnancy 46.8 - 21.1
Maternal illness or death 19.6 9 7.4
Working - 13 4,2
Advertising - 14 -
Miscellaneous 4,5 10 4.5

* Sources: References 19,20,21.
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cases, milk production had stopped. No quantitative data concern-
ing nutritional status or dietary intake in these women is provided,
but we know from other studies (5,19) that the caloric intake among
women in that part of India may be well below 2000 per day. Are
the mothers whose milk "dried up" those at the lower end of the
scale? Cessation of lactation is frequently reported where mothers
are likely to be undernourished - some of them severely so.
Examples of these are included in Table 1 - all from populations
where other factors also are surely operating (20,21). These find-
ings are consistent with those of Habicht and his colleagues at
INCAP,

Conclusions

This brief review suggests some of the pieces of what I think
is a fascinating puzzle. The evidence reviewed seems to suggest
that the quality of breast milk is affected only when the diet of
the mothers is grossly inadequate. The quantity of milk produced
seems to decrease with less severe dietary inadequacy. Finally,
the evidence available suggests that the effects of maternal nutri-
tion on duration of lactation produce wide variation. In Figure 2

I have tried to summarize these possibilities graphically to
sketch the whole puzzle. The quality of breast milk seems to be
fairly consistent through a wide range of maternal dietary intake
and suffers only at the lower end of the maternal nutritional
scale where changes in composition (a decrease in fat content)
produce at least a 10 percent fall in caloric content. The quantity
of milk produced, as well as the duration of lactation, seem to be
more sensitive to maternal intake and vary more widely. When mat-
ernal caloric intake is extremely low, daily volume appears to
decrease by 40 to 50 percent; the Guatemalan findings suggest that
duration of lactation decreases by as much as 60 percent. Thus,

a maternal diet that is adequate for producing milk of normal
quality may not support maximum output.

This phenomenon, if true, is biologically consistent with
what we see in malnourished infants and young children. It is
well known that over an extremely wide range of dietary intake the
infant or child is able to maintain the composition of body tissues
and the levels of serum constituents within quite normal limits,
Many of us have seen infants with severe marasmus, who nevertheless
had normal serum protein levels, The malnourished infant clearly
adapts to dietary deprivation by maintaining biochemical integrity
at the expense of growth, preferring, if you will, quality to
quantity. Translated into breast milk production, the human
mammary gland seems to adapt to dietary deprivation by maintaining
compositional quality at the expense of quantity and duration.
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Are these differences significant? 1If breast milk contains
only 3.5 grams of fat per 100 cc rather than the 4.5 grams that
might be expected in the milk of a well nourished mother, the dif-
ference might seem small when considered on a short term perspec-
tive. One less gram of fat per 100 cc means 10 calories less per
100 cc. If consumption averages 500 cc per day, there will be a
decrease of over 18,000 calories per year. Eighteen thousand
calories per year would have a protein sparing effect of approxim-
ately 4.5 kilos of protein needed for growth; this may not sound
like much, but it is the equivalent of 12 grams per day - a
significant amount for a growing infant.

Looked at another way, a mother producing 500 cc/day of 65-
calorie milk rather than the 800 cc of 75-calorie milk that a well
nourished woman can produce, will, in effect, produce 50 percent
fewer calories and equivalent deficits of other nutrients. Such a
mother can meet the nutritional needs of her growing infant for a
much shorter period of time than the well nourished mother. It is
likely that it is the average daily volume of breast milk that
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determines the timing of growth faltering which inevitably occurs
in exclusively breast fed infants. We know that breast fed infants
grow according to European norms for the first six months of life
in many cultures (and among the elite in most); we also know that
in other cultures such growth persists for only three or four
months and then begins to fall behind. With data from careful
studies of different breast-feeding cultures, we might well be
able to predict the daily caloric intakes of the average mother
simply by knowing the age at which the growth of the average

infant begins to falter.

We have had to revise our concepts concerning the effects of
maternal nutrition on birth weights opposed to those of racial
factors; it may be time to reconsider our concepts about such
effects on lactation. My review of the literature suggests a sort
of taken-for-granted assumption that differences in breast milk
volume have a genetic or racial basis. The evidence reviewed
here, however, strongly suggests to me that where we find popula-
tions with a low average daily volume of milk, or poor quality,
we should look for poor maternal diets before assuming that racial
factors are responsible.

Thomson and Black recently prepared an extensive review of the
nutritional aspects of human lactation for the WHO (15) and con-
cluded that breast milk volume and composition "are little influ-
enced by the nature and amount of the maternal diet within a
remarkably wide range of intakes...'", a conclusion that Thomson and
other colleagues had reached some years earlier (22). The evidence
reviewed here suggests to me that there are threshold levels of
maternal dietary intake which breast milk quality, quantity, and
probably duration, are affected. This is a potentially serious
issue: there are millions of women who fall below such levels. We
need to know much more than we do gbout the extent to which milk
production can be improved by better maternal nutrition, especially
in chronically malnourished women. The nutritional value of "more
and better'" breast milk to millions of infants in poor countries
surely justifies further study.

We also cannot ignore the economic importance of breastfeeding.
Berg (23) calculated that hundreds of millions of dollars are saved
nationally when babies are breast fed rather than bottle fed.
More specifically, Habicht et al. (18) showed that in Guatemala
the cost of adequate bottle feeding is ten times greater than that
of extra food required by a mother for lactation. Similarly,
Reutlinger and Selowsky of the World Bank showed that a poor
mother in Calcutta who works must spend half her earnings to pro-
vide an adequate substitute for breast milk (24). For the world's
"poorest billion," breast-feeding is the only economically feasible
option.
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DOES LACTATION AFFECT INFANT SURVIVAL?

Ancient testimony to the importance of human milk for infant
survival comes, again, from historical references to wet-nurses.
When a mother could not nurse her infant, the only reliable alter-
native was the milk of another woman. The biblical story of Moses
provides the best known early example (though it was, in fact, his
own mother who was hired as a wet-nurse) (25). According to myths,
of course, Romulus and Remus survived because of a generous she-
wolf, but details concerning the use of animal milk as an alterna-
tive to human milk in ancient times are simply unknown. Feeding
vessels for infants found in graves dating back to 2000 B.C. suggest
early use of animal milk, but Wickes found no reference to such in
his review of the ancient literature (1), and Jamal Harfouche
suggests in her review (11) that the use of animal milk was limited.

Wet-nurses began to be hired as social conveniences for the
elite, rather than desperately needed alternative providers of the
biologic mothers' milk, as early as Greek and Roman times. The
practice continued and was widespread in Europe until well into the
19th century, and advice regarding wet-nurses is found in United
States textbooks as late as 1920 (26). By the 17th century, how-
ever, sending babies to wet-nurses who did not, in fact, nurse
them was a well documented European form of infanticide (1)
(although by Langer's accounts, simple abandonment in the streets
or garbage dumps was as common in many places through the 18th
century and into the 19th) (27,28). Thus, like every other prac-
tice known to humankind, breastfeeding can be abused.

Breast-versus Bottle-feeding in the Western World:
Historical View

Alternatives to the use of wet-nurses in feeding babies were
certainly available in the 19th century, and perhaps as early as
the 15th (29,30). These usually consisted either of animal milks
or of cereal paps. It has been reported for example that during
the siege of Paris in 1870-71, when food supplies were cut off,
the general mortality rate doubled, but the infant mortality rate
fell from 330 to 170 per thousand live births. The reason offered
was that the women had no other food to give their babies and
therefore had to nurse them (31). A similar fall in the infant
mortality rate was seen "during the Lancastershire cotton famine
when mothers were not at work in the mills" (32). The practice of
providing a cereal pap was widely used in some parts of Europe,
especially in Bavaria and bordering districts of Austria (29).
Infant mortality rates between 300 and 400 per thousand live births
in districts where breastfeeding had been abandoned, in contrast to
rates well below 200 in neighboring districts where breastfeeding
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was the usual practice, provoked widespread concern on the part of
German physicians and led to the systematic collection of a great
deal of data concerning the relation between infant feeding and
mortality. The results of some of these studies were published by
Groth and Habhn in 1910 (33). Their data were re-analyzed by
Greenwood and Brown in 1912 (34) and again by Knodel and van der
Walle (29). Their findings are summarized in graphic form in
Figure 3; it is clearly apparent that there is a marked negative
correlation between infant mortality rates and the proportion of
babies in a given district who were breast fed for at least six
months. Breast-feeding nearly doubled an infant's chances of
survival,

Evidence collected from the turn of the century onwards sug-
gests that the odds in favor of postneonatal survival among the
breastfed babies were even better. Studies carried out in Paris
in 1900 (35), in Derby, England, from 1900 to 1903 (36), in
Amsterdam (37) and Liverpool (38) in 1904, and in Boston in 1911 (39)
all showed a substantial excess of mortality among artificially fed
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infants compared with those who were breast fed. Still later
studies were carried out in which the feeding of large numbers of
infants, and the mortality among them, were followed carefully dur-
ing the first year of life: 22,422 infants in eight U.S. cities®,
carried out by the Children's Bureau, U.S. Department of Labor in
the early 1920s (40); 20,061 infants followed in Infant Welfare
Stations in Chicago from 1924 to 1929 (41,42), and in Liverpool
again from 1936 to 1942 (43). The differences in mortality found
‘in earlier studies persisted. Not until the late 1940s and early
1950s did they become insignificant in these affluent countries
(44,45,46), As late as 1946-47 in Great Britain, Douglas found
almost a two-fold difference (44). Mortality rates between the
ages of 8 weeks and 2 years in infants born in Great Britain during
March of 1946 and weighing between 6.5 and 9.5 pounds were 9.5 per
1000 in those breast fed more than 8 weeks and 17.1 per 1000 in
those breast fed 8 weeks or less.

The findings of these studies are summarized in Table 2.
Comparative mortality rates among partially breast fed infants are
also included when they were obtained. The survival-enhancing
value of breastfeeding is clearly apparent.

Several of the authors cited above did far more than simply
compare the mortality rates among breast fed and artificially fed
infants. Howarth (36) for example, in his study carried out in
Derby, investigated differential death rates from various disease
groups, according to method of feeding. As shown in Table 3,
modified from his data, death rates were higher among what he
called "hand-fed infants" in every diagnostic group. He also
examined mortality rates according to the kind of artificial feed-
ing used. His findings are summarized in Table 4. He found that
there were substantial differences in mortality rates, depending
on the type of preparation used to feed the infant. Grulee, and
his colleagues in Chicago (41,42), and Robinson in Liverpool (43)
recorded episodes of morbidity as well as mortality in the infants
being followed and analyzed their findings both by type of feeding
and by diagnostic category. The findings for Chicago are summar-
ized in Table 5 and those for Liverpool in Table 6. Again it is
apparent that death rates are higher among bottle fed infants in
all diagnostic categories. Differences in morbidity rates, by
type of feeding, are by no means so great, either in Liverpool or
Chicago. What the data seem to suggest, in other words, is that
breast-feeding protects the infant not so much against infection
as against severe or fatal infectionm.

% The cities were: Akron, Ohio; Baltimore, Maryland; Brockton,
Massachusetts; Johnstown, Pennsylvania; Manchester, New Hampshire;
New Bedford, Massachusetts; Saginaw, Michigan; and Waterbury,
Connecticut.
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Table 3

Mortality Rates per Thousand Live Births by Diagnosis
Derby, England, 1900-1903*

Mortality Rates per Thousand

Diseases "Breast-fed" "Mixed" "Hand-fed"
"Bronchitis and pneumonia" 14.4 12.6 26.5
"Diarrhoea and

zymotic enteritis" 10.0 25.1 57.9
"Marasmus, atrophy

and debility" 12.6 18.9 39.4
"Convulsions" 15.0 20.9 25.9
All other diseases 18.4 21.7 48.3
Total 69.8 98.7 197.5

* Source: Howarth (36 ). Adapted from Table 2.

In the Children's Bureau study of infant mortality by feeding
practice in 8 American cities (38) the type of feeding provided the
infant at each month during the first year of life was recorded.
Woodbury analyzed the data in a number of ways, and among other
things produced the findings that are shown in Figure 4.

Cumulative monthly death rates among infants exclusively breast fed
throughout the first year of life may be compared with the monthly
death rates among the infants in whom artificial feeding began dur-
ing succeeding months of the first year. As Woodbury pointed out,
there is a cumulative effect of artificial feeding. For example,
death rates in the fifth month among infants artificially fed

from the first month are substantially higher than among infants
artificially fed from the third month. Also relevant is that

death rates among infants in whom exclusive artificial feeding did
not begin until late in the first year of life are not significantly
different from the death rates among infants who were breast fed
exclusively throughout the first year. In fact, the death rates
among infants weaned in the very latter part of the first year of
life are somewhat lower than those among breast fed infants.

I have summarized the findings of these studies in graphic
form, as shown in Figure 5, in order to show the trends in death
rates among breast- and bottle-fed babies in Western countries
over the past 100 years or so. Rates fell markedly in both groups
but, as the trends show clearly, breast fed babies had a distinct
advantage over bottle fed babies until rather recently, and this
advantage seems to have increased several-fold for a while during
the 1920s and '30s. Eventually, the bottle fed babies caught up.



MATERNAL NUTRITION, BREAST-FEEDING AND INFANT SURVIVAL 21
Table 4

Number of Infants, Deaths, and Mortality Rates per Thousand
by Type of Feeding, Derby, England, 1900-1903%

Type of Feeding Number Fed Deaths Rate/1000
Breast Milk 5278 368 69.8
"Hand-fed", total 1626 321 197.5
Diluted cow's milk only 895 158 177
Condensed milk only 149 38 255

"Bread, rusks, oatmeal,

arrowroot, cornflour,

sago, tapioca, and

mixed foods" 159 40 252
"Patent foods" 482 85 202

* Source: Howarth (36). Adapted from Tables 1 and 3.

How can we account for the differences as well as for the
changes? The mortality differences are usually attributed to the
fact that breast milk is nutritionally ideal for the infant, pro-
vides some immunity, and is clean; artificial feedings, on the
other hand, are subject to contamination, sometimes grossly so,
and are often overly diluted. The fact, however, that mortality
fell so dramatically in breast fed infants, even though the fall
in artificially fed infants was greater in absolute terms, sug-
gests that other factors must have been at work - the usually
recognized attributes of breast milk could not completely account
for the changes in mortality.

The mechanisms by which breastfeeding provides protection
against infection have been a matter of concern for decades. In
the early 1890s, Paul Ehrlich demonstrated with mice that mammary
secretion of antibodies was greater than trans-placental passage
(47). Such experiments could not be carried out in humans, of
course, and the issue remained in doubt for many years. As recent-
ly as 1958, an eminent European pediatrician reviewed the litera-
ture (48) and concluded that most of the immunity of the newborn
was obtained trans-placentally and not by breast milk.

By now, as noted in several recent reviews (49,50,51,52), it
is well known that a variety of immunoglobulins are secreted in
breast milk and are indeed able to protect the infant from a
variety of pathogenic viral and bacterial organisms. The studies
reviewed here, however, reflect an almost total concentration on
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Table 5

Morbidity and Mortality Rates per 1000 Infants, Age 1 to 9 Months
and Fatality per 100 Cases, by Diagnosis and Type of Feeding
Chicago, U.S.A., 1924-1929%

Partially

] Breast Breast Artifici- Ratios
Diagnosis Fed Fed ally Fed Breast:Bottle
Respiratory

Morbidity 279.9 339.9 389.6 1:1.4

Mortality 4 5.1 53.9 1:134.7

Case fatality .15 1.5 13.8 1:92
Gastro-intestinal

Morbidity 51.8 120.4 158.8 1:3.1

Mortality .2 .7 8.2 1:41.0

Case fatality 4 .6 5.2 1:13.0
"Unclassified"

Morbidity 33.0 59.9 81.4 1:2.5

Mortality .7 2.9 19.3 1:27.6

Case fatality 2.2 4.9 23.7 1:10.8
Infants at Risk 9,749 8,605 1,707

*Source. Grulee et al. (41,42). Adapted from Tables 1 and 2.

the fact that breast fed infants are less subject to gastrointes-
tinal diseases. Yet, it is clear that breastfeeding protects
infants from a variety of diseases. Although contaminated bottles
or feeds may indeed produce diarrheal diseases, the comnection
between such contamination and respiratory infections, otitis
media, and other diseases is obscure.

How is it that death rates from a variety of infectious dis-
cases were (and are still in developing countries) so much higher
in bottle fed than in breast fed infants while morbidity rates
were by no means so different? Breastfeeding, we noted, seems to
protect infants not so much from infection, but from dying. How
does this happen? If we attribute the decline in mortality among
breast fed infants in the West to some array of envirommental
improvements, how do we account for the fact that mortality declines
in bottle fed infants eventually fell as far? Was that simply
envirommental improvement also?
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Table 6

Morbidity and Mortality Rates per 1000 Infants Age 1 to 7 Months
and Fatality per 100 Cases, by Diagnosis and Type of Feeding
Liverpool, England, 1936-1942%

Partially
Breast  Breast Bottle Ratios

Diagnosis Fed Fed Fed Breast:Bottle
Respiratory infections

Morbidity 102.9 167.9 170.9 1:1.7

Mortality 8.2 15.9 31.6 1:3.9

Case fatality 8.0 9.5 18.4 1:2.3
Gastro-enteritis

Morbidity 6.1 38.8 78.4 1:12.9

Mortality - 2.0 7.0

Case fatality - 5.3 8.9
Other infections#*¥*

Morbidity 110.1 254.6 320.7 1:2.9

Mortality - 4.7 5.7

Case fatality - 1.9 1.8
Infants at risk 971 1441 854

*% Includes: Otitis media, "infectious fevers', "unclassified
infections."

* Source: Robinson (43). Adapted from Table 2.

The answer to these questions, I believe, is that bottle feeds
were, and are still in places, often profoundly deficient in
nutrients. We know that such feeds are not only contaminated, but
highly diluted; somehow we ignore the latter. We tend to forget,
in short, the fact that bottle fed babies were and are often grossly
undernoutished. If we consider the role of good nutrition in
general resistance to disease (53,54) and of the well demonstrated
association between malnutrition and diarrheal disease in pre-
school children in contemporary poor countries (55,56,57), then
nutrition, per se, must be accepted as a factor as powerful as all
the others in affecting mortality. Figure 6, for example, shows
the proportion of deaths from all causes and from three specific
causes in which malnutrition was found to be an associated cause
of death in 6 Latin American cities (58). I am prepared to assert
that in the West bottle fed infants caught up (or down) with
breast fed infants because, along with envirommental improvements
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and better food hygiene, the nutritional quality of the bottle
contents improved.

It is sobering to note that Dr. William Howarth, writing in
The Lancet in 1905, had reached basically the same conclusion:

"It is not easy to associate an increase of 12 per 1000,

or nearly 100 percent, in the mortality from bronchitis and
pneumonia with the manner of feeding...the probable reason is
to be found in the production of children suffering from what
might be termed 'lessened powers of resistence' or 'dimin-
ished vitality.' That these conditions are not the result

of marked differences in social position is shown...[by the
fact that, if anything] the hand-fed children are better
housed than the breast-fed and perhaps it is justified to
assume they are of at least equal social position. It is
more probable that these enfeebled constitutions are the
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direct result of improper feeding, for when food constitu-

ents are not given

to a child in their proper proportions,

or the substances...are unsuitable, it requires very little

imagination to suggest the evolution of a child who will

show...diminished resistence to attacks of the common

zymotic ailments" (36) (emphasis added).

Breast- versus

bottle-feeding in the Third World:
Contemporary View

In many ways the so-called developing countries are following

the pattern set by the affluent countries of the West,

Having seéen

the changing patterns of mortality associated with infant feeding

practices in the West,

in the so-called developing countries?

what do we know about the current situation
Unfortunately, there are

by no means as many studies available, and none that are comparable

in scope or in sample size to some of those from the West. There
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are a few, however, which provide some indication of the current
situation.

The limited data available show that the situation is similar
to that which prevailed 50 to 100 years ago in the Western world.
Almost 40 years ago, in fact, Cicely Williams pointed out that
mortality rates of bottle fed infants were twice as high as those
of breast fed infants in the coolie-laborers' families. Among the
infants of shopkeepers rates were only moderately higher in bottle
fed babies, and there were no differences in the infants of the
upper classes (59). In the Khanna study, carried out in the Punjab
from 1955 to 1959, Gordon, Wyon, and colleagues found that 19 of
20 infants artificially fed from birth died in the first year of
life while the infant mortality rate among breast fed babies was
120 per thousand live births (55). In 1973, Plank and Milanesi
reported much less marked, but nevertheless highly significant,
differences in mortality in the first 9 months of life among
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Figure 6. Percentage of deaths in children under 5 years, with
malnutrition as associated cause, various underlying
causes, Latin American cities, 1970,

Source: Redrawn from Puffer and Serrano (58).
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breast- and artificially fed infants in Chile (60), as shown in
Figure 7.

In the early 1970s, the PAHO study of infant and early child-
hood mortality in the Western hemisphere, reported by Puffer and
Serrano (58), showed that large proportions of the infants dying
of diarrheal diseases between the 6th and 1lth month of life had
been artificially fed. Unfortunately, their report does not
include data concerning the breastfeeding practices among live
infants in their study populations, but such information is avail-
able for four populations from which they had mortality data.
Using the PAHO data showing the proportion breast fed six months or
longer among infants dying at 6-11 months of age, and the propor-
tions in the total populations breast fed more than six months, it
is possible to calculate comparative mortality rates for four of
the PAHO study areas: rural El Salvador (61), Kingston, Jamaica
(20), Medellin, Colombia (21), and Sao Paolo, Brazil (62). The

D Breast-fed

- Porriaf?r
breast-fed
Bottle-fed

Deaths per 1000 infants

4 weeks 3 months 6 months

Figure 7. Mortality rates during the first year of life in breast-
fed, partially breast-fed, and bottle-fed infants, among
those surviving at 4 weeks, 3 and 6 months, rural Chile,
1969-1970.

Source: Data from Plank and Milanesi (60).
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Table 7

Percent of Infants Breast Fed Less Than 6 Months
or 6 Months and Longer in the Population,
and Among Infants Dying at 6-11 Months,
in 4 PAHO Study Areas, Around 1970,
and the Relative Risk of Dying
Among Short Breast Fed Infants

Percent Breast Fed Relative Risk
of Death for
Total Infant Infants Dying at Short Breast
Study Area Population 6-11 Months ( Feeding
<6 mos.>6 mos. <6 mos.>6 mos.
El Salvador (61) 20 80 78.0 22.0 14.2:1
Kingston,
Jamaica (20) 51 49 87.4 12.6 7.1:1
Medellin,
Colombia (21) 61.8 31,2 91.3 8.8 6.4:1
Sao Paolo,
Brazil (62) 77.2  22.8 95.9 4,1 6.8:1

* References are given in parentheses.

rates and ratios are shown in Table 7. These results, based on
combining data from different studies, are obviously not precise,
but they are probably close to the true differences that are found
in such situations. Today in developing countries, bottle feeding
produces a several-fold increase in mortality, just as it did in
the West forty or more years ago.

One other aspect of mortality and feeding practices is worth
noting: in the U.S. in the 1920s, Woodbury found that breast fed
infants had markedly lower mortality rates in the early months of
life, but that beyond seven or eight months infants receiving
supplements or artificially fed had slightly lower rates, as we
saw in Figure 4. Wyon and Gordon (63) found a similar situation
in the Punjab in India: breast-fed babies were much more likely to
survive the early months of life, but beyond 9 months and through
the second year, mortality was higher in exclusively breast-fed
infants than in those receiving supplements and the differences
increased markedly with advancing age. Thus, in poor countries
as elsewhere, breast-feeding is advantageous early, but is not
sufficient as the only source of nutrients beyond the sixth month
of life.
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Further insights concerning the value of breastfeeding in poor
countries are provided by studies in which the samples are too
small to provide mortality rates, but which show lower rates of
morbidity and better growth in breast fed infants. Such studies
have been carried out, for example, among Alaskan (64) and Canadian
(65) Eskimos, in the Caribbean (20,66), Colombia (56), Nigeria
(67), and Thailand (68). In our studies in Thailand (68), we
found that in rural villages, where mothers are well nourished and
babies are routinely successfully breast fed, severe malnutrition
in the first six months of life is rare; average heights and
weights approximate North American norms throughout that period.

In Bangkok slums, in contrast, where modernization has brought the
bottle and many nothers must work outside their homes, severe
malnutrition or marasmus was present in as many as one-sixth of the
infants under 6 months of age, as shown in Figure 8.

Although the evidence shows clearly exclusive breastfeeding is
insufficient beyond the sixth month, it is noteworthy that two of
the studies (56,66) showed better growth of children when breast-
feeding is prolonged with other foods.

Conclusions

The evidence that lactation affects survival in infants is far
less equivocal than that relating maternal nutrition to lactation.
More alarming is the fact that the evidence shows that the situa-
tion today in poor countries is very similar to that in Western
countries 50 to 75 years ago. In poor countries now, as in Western
countries then, the bottle feeding problem is mainly an urban one.
The massive rural-urban migration that has occurred in poor
countries during the past 25 years, and continues, bodes no good
for babies.

DO MATERNAL NUTRITION AND LACTATION AFFECT FERTILITY?

From ancient times there were '"old wives tales'" to the effect
that a nursing mother did not get pregnant. Such tales implied
what has now been well substantiated. Lactation does indeed affect
ovulation, and thus fertility. The question here is whether or not
the effects of maternal nutrition on lactation have any effects,
in turn, on ovulation.

The basic relationship between lactation and the duration of
amenorrhea or the resumption of ovulation, is now well accepted
and has been well reviewed (69,70-73). A growing literature, rang-
ing from careful historical studies (29) on the one hand, to pros-
pective clinical studies of the actual timing of ovulation (74)
leave no doubt as to the basic phenomenon. These observations, of
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course, have been borne out by a number of empirical studies in
which it has been observed that the duration of amenorrhea is

approximately 12 months longer in lactating women than it is in
non-lactating women.

The question here is whether or not maternal nutrition makes
a difference and the evidence is a bit confusing. Figure 9 from
Thomson and Hytten (70) shows the proportion of females who have
resumed menstruation by duration of lactation, as reported in
studies from several countries. Clearly, the pattern varies
greatly from place to place. In none of these studies was maternal
nutrition carefully examined, of course, but it might be assumed
that since lactating mothers in affluent countries are presumably
better nourished and, as shown in this figure, resume menstruation
more quickly while lactating, that better nutrition tends to
shorten the period of amenorrhea. This seems an unlikely explana-
tion, however, for the differences in the same figure between
women in Calcutta and Taiwan. Given what we know about the general
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Figure 8. Prevalence of malnutrition among rural and urban
children by age and severity, Thailand, 1872.
Source: Data from Khanjanasthi and Wray (68).
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situation in Calcutta and Taiwan, it would seem reasonable to
assume that the Taiwanese women were better nourished than those
from Calcutta, although the Calcutta women might have been from
the upper classes and well fed.

One study, that reported by Chavez and his colleagues, seems
to support the idea that well nourished lactating mothers resume
ovulation more quickly. Chavez et al. were interested primarily
in the effects of maternal dietary supplementation on the growth
of nursing infants and followed two small groups of women longi-
tudinally, providing a generous supplement to one group of nursing
mothers and not to the other. They observed in these two groups
that the duration of amenorrhea in supplemented women was only
approximately 7 months, while that in non-supplemented women was
approximately 14 months. On the basis of this finding, they
considered that improving nutrition in the Mexican women shortened
the period of amenorrhea significantly.
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However, in the paper in which they reported that finding
(16) they did not mention the fact described in a report of other
aspects of the study (75), namely, that as soon as the growth of
the nursing infant of the supplemented mother faltered, they began
to supply the infants with generous supplements. Now we know that
under the best of circumstances, breast milk alone will sustain
normal growth only about 6 months at most. We also know, from a
careful work of Egli (13), for example, that if an infant is
supplemented and therefore sucks less vigorously or frequently,
milk production will decrease. This is indeed what seems to have
happened in the Mexican study. Their data show clearly that milk
production began to fall off in the supplemented mothers not long
after their infants began to receive supplementation. This sug-
gests then that maternal nutrition is not the only variable that
could have affected the resumption of menstruation; perhaps it was
the nursing pattern of the infant.

This is the conclusion reached on clinical grounds alone by
Van Balen and Ntabomoura (76) who proposed that it may be the
vigor of the suckling, when what they called "natural lactation'
occurs, that inhibits ovulation. This is strongly suggested in
Figure 10, from the study of women in Rwanda by Bonte and her
colleagues (77), showing the conception rate among non-lactating
urban and rural females on the left, and among lactating urban and
rural females on the right. If there were significant differences
in the nutritional status of urban and rural women and nutritional
status differences affected the duration of amenorrhea, such effects

should be apparent in the non-lactating mothers and clearly there
are none. On the other hand, there are very clear differences
between the urban and rural lactating mothers. Bonte and her
colleagues report that there are differences between rural and
urban women in their nursing practices. Rural mothers keep their
babies constantly on their backs, and nurse them frequently, day
and night, for prolonged periods of time. Urban mothers do not
keep their babies on their backs, nurse them less frequently,
initiate supplementary feeds earlier., Similar differences in nurs-
ing patterns have been reported among urban and rural mothers of
the | Kung people, and similar changes in postpartum conception
patterns were observed (78).

If then, some of the variation in duration of postpartum
amenorrhea is explained by infant sucking patterns, what about
maternal nutrition? In the INCAP study mentioned earlier the
women who were able to breastfeed longest seemed to be those who
were better nourished, as indicated by their weights. Bearing in
mind that this is a culture in which women have traditionally
tended to nurse their babies just as long as they had sufficient
milk, it does seem that nutrition affected the duration of lacta-
tion. Habicht reports that duration of amenorrhea in these women
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was also prolonged (17). This was contradicted by other data from
the same report, which showed that the duration of amenorrhea in
lactating mothers receiving supplementation was slightly less than
in unsupplemented mothers.

Conclusion

The evidence seems to suggest that improved maternal nutrition
by its potential to prolong lactation may decrease fertility,
although it is obvious that many other factors are operating to
shorten lactation and to affect ovulation., There is at least
a possibility that those women who wean their infants early
because of cessation of lactation could nurse longer if they were
better nourished and thereby delay pregnancy. There are surely
many such women in the world, but obviously we need to know far
more than we do about the many interactions involved.
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ECONOMIC ASPECTS OF BREAST-FEEDING

William Butz
The Rand Corporation

Santa Monica, California

INTRODUCTION

For thousands of years, the popularity of breast-feeding among
women of different cultures has fluctuated widely (1,2,3,4). The
longest known trend in this history has occurred in Western Europe
and North America during the last century, when increasing propor-
tions of women have failed to nurse their infants at all. The mean
length of both full and partial breast-feeding of those who nursed
has also steadily declined during this period (5,6,7,8,9,10). More
recently, a pervasive decline in breast-feeding activity is also
underway in urban areas of many less developed countries, with

similar tendencies suggested in some rural areas as well (11,12,
13,14).

Concern about this most recent phenomenon is acute among many
public health researchers and officials because of accumulating
evidence that inadequate and contaminated food consumption is con-
tributing to the death, disease, or poor physical development of
many non-nursing infants in poor areas (15,16,17,18,19,20,21,22).
Concern is also growing in light of strong clinical and field
evidence that something about the lactation process inhibits the
return of a woman's postpartum ovulations (23,24,25,26,27,28,29,
30). Hence, reduced lactation activity may induce shorter preg-
nancy intervals causing detrimental effects on child and maternal
health and leading to faster population growth and larger families.
Some have expressed concern, in addition, about an unnecessary
strain on family and national resources when mothers substitute
other infant foods for their own milk (31,32,33,34).

23

W. H. Mosley (ed.), Nutrition and Human Reproduction
© Plenum Press, New York 1978



232 W.BUTZ

Scientific evidence concerning these results of declining
breastfeeding activity, incomplete as many feel it to be, is con-
siderably stronger than evidence concerning the causes. Most lack-
ing are empirically supported prescriptions of: 1) what can be
done to slow or stop the emerging breastfeeding trends, and 2) how
to lessen their undesirable biomedical and demographic effects.

The important aspects of the first question, in my opinion,
are:

. What are the characteristics of populations most
at risk of declining breastfeeding activity?

. What factors are responsible for the declines?

° What factors might be altered by public policy to
prevent or arrest the declines (these need not be
the same factors that are directly responsible).

For each alternative set of policies (if there are alterna-
tives) that might be pursued,

° What is the aggregate effect on breastfeeding activity
that can be expected to result?

] What is the cost of the policy?
° What are the policy's significant side effects?

Concerning the second question - how to lessen undesirable
effects of declining breastfeeding - one would like to know:

° What populations are at risk of breastfeeding
declines and subject to deleterious effects on
infants and birth spacing?

° For these populations, how can policy increase the
supply of effective substitutes for breastfeeding
in its functions as contraceptive and contributor
to infant su<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>