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Preface 

This summary report presents dihe principal findings, conclusions, and rec(Im
mendations of a more comprehensive vtolume* that synthesizes and documents 
the role of nutition in human reproduction. The larger work contain the 
full reports of several working groups and an assembly of invited review pa
pers. An annotated bibliography has been prepared andiis available separately 
from the Maternal and Child Ilealth Service of the Department of Ilealth, 
Education, and Welfare. 

Chapter 2 of this summary repori reflects in its six subsections the high
lights of comparably titled sections in the main document. The last two 
chapters comment on the implications of the substance of the najor volume 
for dietary management during pregnancy and summarize in somewhat dif
ferent form ai;d sequence the recomnneridations contained in that work. 

ThQ study here summarized grew out of concern about the relatively high

neonutal and infant mortality rates in the United States, rates that have per
sisted at levels well above those of many countries of' the western world. It
 
was organized by the Food and Nutrition Board of the National Research 
Council through a Committee on Maternal Nutrition in order to provide an 
authoritative review of available information ard practical guidelines that 
would assist professionals in the health field, professional associations, edu
cational institutions, and health ager ies in their efforts to improve nutrition 
services for pregnant women and their families. It sought also to identify 
areas and problems requiring further study and evaluation and to develop 

*Committee on Maternal Nutrition, Food .nd Nutritiorn Board, National Research 
Council. 1970. Aaternal A'utrition and the Course ofPrcgnanc,,National Academy of 
Sciences, Washington, D.C. 



practical reconmendations for improving the education of professionals 

participating in prenatal and child care. 

Th Conimil tee hopes that tileinformation sunimarized iere, and detailed 

in the full report, will he found appropriate to tle concepol umaternal care as 
described by tIle World I caltl Organization: 

The object of Ialerliity care is to cnoure that esery expectant and nutiring notther imain

lains care, has a normal delivery, anld hears tealthygood health, learms the art of child 
children. Maternity care tile sense consists in the care of the pregnanti) narimo' 
woman, her safe dtlivemy, her po tatal care and examinalion, the 'are of ther newly 
born inil'ant, and the maintenance of ltactation. In the w\ider sense, it hegins m111chearlier 

health and %\ell-meingOf thlie uting people X%110 

potential parents, and to el) thi'm to develop the right approach to family life and to 
in measures aimed lt) promote tile are 

.
 

the plac'e of the family illthe community. It should al:)include guidance in parent

craft and in protenms asso.ciated with infertility and family planning.* 

*World IHealth Organization. 1969. The Organization and AdministrationofMaternal and 

Child health Services, Fifth Report of the World Health Organization Expert Committee 
on Maternal and Child Care, WHO Tech. Rep. Ser. No. 428, Geneva. 
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J Introduction 

Over most of recorded history, special attention has been given to tie dietsof pregnant women. Some kinds of food have been restricted or prohibited.
Other kinds have been regarded as necessary to ward off catastrophe for themothers or their infants. Restrictions seem to have had strong appeal in ancienttimes, and they have had parallels in modern times, both in primitive and in)highly developed societies. Even today, some of' file views concern ing maternalnutrition have little more scientific basis than did the views o)f the ancienlts. 

During the past 40 years, several excellent reviews of the literatunre relatingto nutrition in pregnancy have appeared. Garry and Stiven ( 3 ) reviewed
over 300 animal and human studies, mostly porformed during the 1920's

and early I9 30's. In this paper 
they considered the evidence relating to iheroles of individual nutrients, anO compared it with accepted slandards for 
nonpregnait womien. 

A decade later, Garry and Wood (1946) evaluated Somle 400 cootributionsto the literature that had been published since the earlier review aind notedthat "in spite of the volumin)ous literature, the additions to scientific 
 factual
knowledge are somewhat meager." l IiMologi ofIluntan Stail'atljol, Keyset al (1950) reviewed the evidence then available concerning rclatioll ofnutrition to various aspects of pregnancy. A central conclusion was t hatwhen there is substantial ':aloric restriction in maternal diet, the size oif the 
newborn i,-. affected. 

The N RU bulletin ila/ertalNutritionand Cild lhealth (toverud ei a!.,1950) contained a complete review of' the litera ture. More recently, tie 1965report of the World I lealth Organization, Nutrition in I'regnanc., amd Lactation, provided a comprehensive review of evidence from epidemiological and 
laboratory sources. 
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I940's, a decade of enthusiasin about the importance of nutrition in 
The 


bringing about improvemflents in pregnancy outcome, were followed by a
 

period of disillusionment and disinterest after the publication of a series of 

reports during the 1950's whose chief conclusion., appeared to contradict 

ntil the late 1960's that interest was reawakened 
earlier concepts.-It was trot 

being given not only to 
and a period of teappraisal began. Attention is now 

of pregnancy but 
the immediate effects of nutritional deficits on the outcomne 

also to tie long-term effects on tile subsequent physical and mental develop

wlent of the child. Ali appreciation of the complexities of these relationships 

and the appl ication of improved techniques to the study of nutrition both in 

populations and in the laboratory give promise of providing fuller answers
 

to these inportant questions.
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2 Highlights of the Study 

EPIDEMIOLOGY OF HUMAN REPRODUCTIVE CASUALTIES 

The fertility rate in the United States has been declining in recent years: In 
1967, it stood at 87.8 per 1,000 women 15 to 44 years of age, as compared 
with 122.9 in 1957. The decline has been similar for white and nonwhite 
women, although the rate for nonwhite women has remained above tile rate 
for white women in each age group. The declining fertility rates have meant a 
decreasing number of live births in recent years. Neverthelcss, the lotal nuil
bers of pregnancies and live births will almost certainly rise in the near future 
as the large number of persons born after World War 1i themselves enter the 
childbearing age group. 

The maternal mortality rate has also declined sharply, reaching a figure of 
28 per 100,000 live births in 1967. Rates for whites are lower than for non
whites. Proportionately more nonwhite wome' bear children at less favorable 
ages and parities, but this fact does not completely account for the observed 
differences in mortality rates. In areas where mothers of both races receive 
equally good maternity care, the difference is minimized. 

When maternal mortality rates fall, fetal and infant mortality becomes a 
more sensitive indicator of reproductive efficiency. In addition to infant 
mortality, the proportion of low-birth-weight infants, the prevalence of peri
natal handicaps and injuries, and the number of infanits who fail to grow and 
develop normally are important measures of unfavorable outcomes of preg
nancy. Although by 1967 infant mortality in the United States reached a 
record low of 22.4 per 1,000 live births, this figure is higher than that prevail
ing in many countries. Among the 40 countries selected according to lhe 
criteria proposed by Chase (1969), the United States ranked 13th in infant 
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mortalit-y in 1966 and in the provisional ranking for 1967. The proportion of 

infants of low birth weight remains high; in 1965 it accounted for 8.3 percent 

of all live births, and this proportion seems to be increasing. 
The incidence of low-birth-weight infants, and the closely related neonatal 

mortality rates, isaffected by the socioeconomic status of the mother and by 

other factors, including biological immaturity (under 17 years of age), high 

parity, short stature, low prepregnancy weight for height, low gain in weight 

during piegnancy, poor nutritional status, smoking, certain infectious agents, 

chronic disease, complications of pregnancy, and a history of unsuccessful 

pregnancies. 
Research designed to assess the relative importance of individual factors, 

including poor nutrition, in pregnancy outcome has been difficult to carry 

out, and the results have been difficult to interpret. This situation arises be

cause a number of factors tend to affect the same woman or groups of women. 

The most vulnerable individuals are likely to have been born and brought up in 

poor homes and in large families having inadequate access to good medical 

care, food, and education for their children. Poor-quality crowded housing 

tends to favor the spread of infectious diseases, which are then too often nut 

properly treated. Immunizations and other preventive health services are not 

available, or are not utilized. Children in these environments often grow up 

with poor health and food habits. Under circumstances such as these, girls 

tend to bear children early and must ordinarily rear them in similar surround

ings. They often have not grown and developed in childhood to their fu!l 

genetic potential and thus enter pregnancy with suboptimal health and nutri

tional status. 
While poverty appears to be central to the chain of circumstances just 

described, there are also women with adequate incomes who for other reasons, 

including the current fashion for slimness, arrive at childbearing age with poor 

health and nutritional status and inappropriate health habits. 

MATERNAL PHYSIOLOGICAL ADJUSTMENTS 

Much of what is known about the physiology of human pregnancy has been 

acquired recently. Many features typical of normal pregnancy resemble those 

characteristic of certain pathological states, e.g., reduced concentrations of 
hemoglobin in blood and of albumin in plasma, enlargement of the thyroid 
gland, changes in car.!iac function, spillage of amino acids in urine, and the 

frequent appearane of edema. Thus, clinical standards considered "normal" 
for the nonpregnant woman cannot be applied to pregnant women. A more 

appropriate concept isthat of an integrated maternal-fetal synergism 
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undergoing progressive physiological change to assure the growth of tile fetus, 
even undThr conditions of stress. 

Particular attention may be drawn to weight gain as it reflects the physio
logical consequences of pregnancy. Thomson and Billewicz (I 957) found an 
average gain in total weight of healthy pregnant women in Aberdeen, Scot
land, of 12.5 kg (27.5 Ib) and a gain of approximately one pound per week 
during the second half of pregnancy. This rate of gain was associated with the 
lowest overall incidence of pre-eclampsia and low birth weight in infants and 
with a relatively low perinatal mortality. By contrast, Tompkins (I1955), in 
Philadelphia, found the average total weight gain in healthy pregnant women 
to be 24 pounds. 

A conspicuous feature of weight gain in pregnancy is its variability. Young 
women tend to gain slightly more weight than older women, prim igravidas 
slightly more than multigravidas, and thin women slightly more than fat 
women. In western societies, housewives tend to be relatively sedcntar ; for 
them, tile total "energy cost" of pregnancy for a healthy woman approxi
mates 40,000 kcal, representing an additional daily requirement of about 
200 kcal. This is commensurate with a total weight gain of 25 lb. 

ANEMIAS COMPLICATING PREGNANCY AND THE 
PUERPERIUM 

Normal hematopoiesis requires a nutritionally adequate diet. For the produc
tion of hemoglobin, a complex molecule of protein and iron, there must be 
an ample supply of protein to furnish essential amino acids; sufficient calories 
to protect the protein from catbolic degradation; iron and other minerals, 
including copper and zinc; and folic acid and vitamin B 2, as well as several 
other vitamins that serve as ,ofactors in the synthesis of lieme and globin. 
During pregnancy, increased maternal erytiopoiesis occurs at the very time 
that appreciable nutritionAl demands are being create"l by the growing fetus. 
Anemia during pregnancy may thus be due to many factors, both acquired 
and hereditary. Attention here is focused primarily on iron-deficiency anemia 
and on megaloblastic anemia due to folate deficiency. Iron-deficiency anemia 
and anemia due to acute blood loss are the most common anemias of preg
nancy, and the two are often inimately related. 

Anemia is usually defined in terms of a significa:t reduction in the concen
tration of hemoglobin per 100 nJ of blood, in the number of erythrocytes per 
cubic millimeter of blood, or in the volume of packed red cells per 100 ml of 
blood (hematocrit). The hemoglobin concentration, hematocrit, erythrocyte 
count, and red cell indices of apparently healthy nonpregnant women have 
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been measured repeatedly with rather uniforin agrectent as to what repre

selits normnality. II erle study, tor example, the hemoglobin concentralion of 

-2 g and ranged frontiron-suflicieit healthy young women averaged 13.7 

12.0 to 15.4 gper I0(0 Ul of blood. I)ur ing norm alpregnancy, physio
blood volume that isaccompanied
i,'ical changes bring ibout allincrease ill 

total volume of circulating red cells andby i lelatively saille, icreas" ill 
the first trimrrester, leach ahicirloglolir liass. hhese changes begin late ill 


nraxilnurn abont the 34th week and diminrish toward term.
 
average of approximatelyI1lon is!eailv available to the hone iarrow,al 

will he ut ili.ed for augmented rIraternal erythiropoiesis during
0.5 g of iron 


Iron moving to the fl us and plaicehita, exclusive of

Ire course of piegriancy. 

tire Irater ,Al
hieicoglobiri in Ire placenta, amourts to about 0. '5 to 0.30 g. 

a single fetus arriunruts to about
Thus, iron Intilization during pregnancy with 


figure ishigher. Prorated over the seconld half
t0.8 g wili inrultiple fetuses tile 

practically all tie increases in iliatcrrial hre°iof pregnancy tire period when 

this amounts to 
glohill lirass arid placenta! tralsfer to tire felus take place 


be added tile 0.5 to I.0 rug of iron
niearly (Irg of iron per day. To this Mus1 


that islost tinouigh tie gut, the urinary tract, and the integurirenit each day.
 
tile following
The lion Ileeded during pregrnarncy rtrust be obtained fIloill 

souirces: 

lion !re seldori large erough to
SMaternal irn stores. stores of women 

ion stores of healthy youngiect the iron requiremeirts of pregnancy 

have been tounid to average about 0.3 g.
Anericar wormrenr 

* Diet. F,id rarely provides enough iron to perrnit absorption of' to 7 rng 

than 10 to, 20 percent of food iron is likely to be absorbeddaily, since ro mne 

ard utilized. Usual diets of pregniant wonlen in tire United States afford no
 

more than 12-15 rrrg daily.
 
* SurppIniuitationwith ferrous iroa. Iron supplenentation during tile 

latter part of' pegnancy, iii tihe fiorn of ferrous salts (sulfate, funaiate, or 

building arid protectiig mternal iron stores.gluconate) can be beneficial iln 
be coil-In genrera!, oral prepairatio1s are preferred whenever the patient can 

vinced of tile necessity of systeinatically taking tire supplerment. Since usual 

iot likely to afford iron in quantities sufficientdiets inthe United States are 
reeto mneet tile needs "pregnancy, the National Research Council report* 

receive 30 to 00 ng of iron as a daily supplem'entorrirmrerids that all wormen 
during te second and third tririesters. There is inadquiate evidence that addi

lives, such as asco-bic acid, increase cither the absorption or tire utilization 

Materlal Not rition, IFood and Nutrition Board, National Research
* ('orniittee on 

1970.Maternal Nutrition and the Course of Pregriancy, National Acadenry of
Council. 

Sciences, Washington, D.C.
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atio. Iof' pregllttI onle 

neaw ternm and who have receivCd supplemenltal iron has been repcatedly tond 

to average more than 12.0 g pet 100 lliit -pecti'e Of sociOCCorllrllc statuis. 

There is no evidence that oal oilo iti iupplerrierrtaIUarills iildl

of iron salts. The IIllroglohiri ConcenltrI who aIIe at oI 

ilte 


oetloid.cated above during successive pregnancies plrdunes delete lois ilo ,l 

Although inegalohlasric anelmia due to inlatelial olale defclclcn is Ieli

iIIthe t'ited ItIes, t does oCcl altd ri.St eCo1NsIdere.dlively n111C0tonlnori 
illthe differential diagnosis of'v il ancnia eC:ouuteLd dI Itn pLgnancy iland 

the puetperium. Considerable attCitil has been focuS.ed Oil the possibilIty of 

tile absclCe o anerial..maternal folatc deficiency ill ,f Ti:N Illest alose bec:rse 
late illbiochemical findings indicate that folate deficrency ilay he comirloil 

pregnancy, especially 1rrorilg pOr-tr NwolIC, arid nay be irilIcaled illscveral 

forms of pregnancy wastage. So tar, attenps to leduce prCgrnanlcy waslage lly 

means of folic acid supplementation have been ull ewlidig. Berie at tetnptilg 

large-scale or rliorwide pr ogranrs of' supplrnentat noi with fol.. acid eally Il 

pregnancy, or prior to pregnancy, tire sigilfican,,c of inlater lIal folatet deficiency 

persc in pregnancy wistage in this countiv should be established. 

Nevertheless, supplementation with folic acid is war ranted, especially ill 

instances where folate requrcinents ale high, such as Ill chronic hlrrloyltic 

anemia and multiple pregnancy. A daily supplement it 20)0 to 40(0 pg of folic 

acid should prevent deficiency in piegnant women. 

RELATION OF NUTRITION TO FETAL GROWTH AND 

DEVELOPMENT
 

Animal experiments have demronstrated that alterations iii itaternal diet '-in
 

hirth, grnwth
have profourid effects oil size of litter, survival rates, size at 


patterns, and hlhavio-r of the progeny. File sovei ity of dietary iest ictiori
 

used in most aninal Studies is greater than is co1nnrnrioly encounteted ill
 

ilay conhuman populations, although frot time to tilre individual woncn 

of tlre dietary
sume comnparably restricted diet:,. The timrting and duration 


restriction may well also influence the results.
 

are differences in fetal growth and developmnent attributable
Because there 

to species characteristics thenselves, anrillial
studies ctlaing to dietaly change 

found also that although memust be interpreted with caution. It has been 


stricting the inaternal diet during gestation affects tilecellular growth patternil
 

of the progeny, different organs resp)nd diferently. Furthc.1,tle data inlicate
 

nay result illpersistent inlotdithat. interference with cellular growth patterns 


ficatiori and datnnage bit that if the diet is corrected during tileruitrial pliod
 

of cell division, a deficiency in cell nutmber iia\ be nnininrized or even corlected. 

http:focuS.ed
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Uncertainties persist as to the relevance of tile results of animal studies to 

questions of humian reproduction. hi man, birth takes place at the steepest 

part of the growth curve of the conceptus, whereas in rodents, carnivores, 

and the pig, birth occurs before the growth curve reaches its maximum. Evi

dence indicates tlhat the growth of different organs and tissues, as measured 

by cell nuinber, varies from species to species. When the size of the young at 

birt h is compared with tile size of' the nother, marked species differences 

are again evident. This is true also with respect to tissue components. All this 

underscores the iced for caution in extrapolating the detailed results of 

aninal studies to tire human. Nevertheless, important basic knowledge has 

conic, and will continue to comie, fron anirial experimentation. 

Evidence that good nutrition is important to human reproductive efficiency 

is de ived mainly from studies of large populations. The experience in Great 

Britain during World War !1, when pregnant womenl were given special priority 

under tie food-rationiirg policy, was most draiatic l)uring this period the 

stillbirth rate fell front a previously rather stable figure of 38 per 1,000 live 

bir ils to 28, a fall of about 25 percent during a period whet' many aspects of 

the physical eivirtiuert were deteriorating. Although the relatively few 

small-scale feeding experirtents that have been undertaken to assess the ir-act 

of diet during pregirancy on reproductive performance have provided interest

ing data, thley have proven difficult to interpret in terms of a single variable 

such as nt ili io. 
One specific way in which diet during pregnancy affects the outcornle of 

pregnancy is setiliin lie relationship betweei i.aterial weight gain aid infant 

biil weight. A niumber of t idies have shown a strong positive association 

between the total weight gaill of the inother aid th birth weight of the infant. 

Sinlilauly, there k a stroig positive association bet vecri the prepregnancy 
weight of the mother and tire birth weight of the infant. 

[:valuation of' the rnutritional status of' pregnant wonlen ;s severely handi

capped because few physiological and biochcilical norns have been established. 

What conitrols the placenta's role in inatcral-fetal interchange is as yet 

poorly understood. There is no substantial proof that placental failure pet se 

linlits tile supply of' nutrients to tile fetts wheln the circulation on both Sides 

is intact aind Il, supply oft nutrienls is sufficient on the maiternal side. Severe 

pathological Conditions confinied to the place'ta are not often seen Iy ex

perienced pathologists. Thus the long-held view that placenta! insufficiency is 

the cause of aibiornial developnieit or growth retardation of the fetus imust 

be luestioined. Othe factors ii the iaternal organism riiay be 1nore important. 

Traditiorially, birth weight has becr used as all iipor-tant index of the 

quality of fetal development aind the welfare of tire nievborn. Whether retarda

tion of physical growt h in twero is followed by retardation (if later growth and 

deetopnieidt is open to question. Despite great interest, there has been little 
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investigation of the mental development of children whose growth in utero 
had been retarded. 

Although widely used, data on birth weights for gestational age provide
little information on growth and development of specific organ systems such 
as the brain and other neural tissue. One must be cautious in drawing conclu
sions from studies in which birth weight for gestational age is the only crite
rion used to estimate impact of maternal nutrition on normal fetal growth 
and development. 

RELATION OF NUTRITION TO PREGNANCY IN 
ADOLESCENCE 

The occurrence of pregnancy during adolescence presents both physical and 
psychological risks. Girls are at increased risk if pregnancy occurs before their 
own growth has been completed. The majority of girls attain physical maturity 
by 17 years of age, and pregnancy after this age has not been found to present 
special biological hazards. Thus, the c.jurse and outcome of pregnancy of girls
17 to 20 years of age resemble those of mature young women (20 to 24 years 
of age), whereas there is a sharp increase in inifant mortality fo r each year of 
age under 17. 

In the United States, as in a number of western countries, there has been a 
decline in the age of menarche during the past century. The mean age of rmen
arche is currently about 13 years. 

Sexual maturation occurs in an orderly sequence and is closely related to 
growth and skeletal maturation, althoUgh the timing and character of growth 
differ greatly among individuals. In early maturers, menarche is coincident 
with the peak velocity of adolescent gtwvth and at a time when skeletal rnatu
ration is less advanced than in late maturers. The girl who rma tures early may 
also be capable (if conceiving earlier than her average- and late-riaturing sisters 
and before her skeletal maturation, including pelvic capacity, is complete. 

The psychologicid impact of pregnancy on the adolescent girl may well be 
more detrimental to her lifetime well-being and :hat of her child than are the 
effects of biological immaturity. Society, because of its punitive attitudes 
towards early pregnancy, especially if it occurs out of wedlock, is prone to 
withhold the understanding and support that are so important under these 
circumstances. Restrictive practices may force the young pregnant girl to dis
continue her education, may make it difficult for Ier to obtain medical care, 
and in many states may even prevent her fromn, getting married. These social 
and psychological difficulties are superimposed on the emotional adaptations 
and problems characteristic of adolescence. 
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magnitude of the problem of pregnancy in adolescence may be gaugedie 

by considering statistical data relating to tihe trends and nunmbers of live births, 

birth weights, and mortality rates. ThIs, in tIe United States, live births to 

molhers 17 years of age and under have been increasing, bolh ill absolute nuni

hers and as a peicentage of ill live births. ()f the 190,372 live births to girls of 

I905, inore than 29,000 were born to mothers 15 years of 
this age group in 

age and under, over 50,000 to mothers 16 years of age and some 110,000 to 

notlers oA17 years. 
Young teel-:age tnrothel s have a dispoport ionate number of babies weighing 

less than 2,5(t) g at birth. 1: coltrast to an overall U S. value of' S.3 percent 

for all live biiths iin this category in 19)05, the percenlage for nonwhile mothers 

age it was 13.for white moders of the sameunLer 15 years of' age was 21 f 


Median bin th weights arc also lower for infants of young mothers.
 

Neonatal, postneonatal, and iolant mortality rates are much higher for 

infants horn to young mothers. These rates are greatest among young girls 

who have repeated pregnancies. 

Prior to age 17, nutrient requireurents reflect the special demands otl' growth 

and maturation, although individual requirements vary widely because of' varia

tions in the time and rate of maturation. Calorie reqluirements during adoles

curve. Since each individual has a unique p-.ittern of 
cence parallel the growth 


devclopmen, dietar'-' allowances must meet her individual needs at different
 

stages of' growth. It iust be stressed that an adequate diet, with special refer

ence to calories, protein, and calcium, is critical for growth. The young adoles

cent tolerates caloric restriction poorly, and pregnancy irimposes additional 

anabolic needs for calories and nutrients. The impact of a pregnancy occurring 

during adolescent grow"- upon the achievement of potential body stature re 

mains to be determined. 

Stch evidence as there is on the nutritional status and t'God habits of adoles

cent girls, pregriant or nonpregnant, suggests that dietary habits are often 

biz i re and that intakes of iron, calcium, vitarnin A, and ascorbic acid tend 

10 to 12 percent of 
to be particularly inadequate. It is estimated that some 

adolescents entering pregnancy are obese and a somewhat smaller proportion 

underweight. 

RELATION OF NUTRITION TO THE TOXEMIAS OF
 

PREGNANCY
 

The concept has pers;' , for years that nutrition is related in some way to 

jurse of toxemias of pregnancy, but little is known of the
the occurrence an .


relative importan-,: of tile many etiological factors considered important.
 



11 Highlights of the Study 

Toxemia has been called the disease of theories; measures fkOr prevention and 
treatment, including dietary procedures, have thus remained largely eru,'al 
The study of oxemia of' pregnancy has been handicapped by lack it' accepted 
criteria tor diagnosis and the absence of a suitable labolatory ilinial mIlodel. 

A variety of SymI)tom ,.'Omllplexes continue to be irIchIdetdd uilder ite gelelic 
term "toxenia.' TIhe toxetnias cOnsideted here were those Ihit could be 
diviued into "pre-eclanipsia'" and "'eclarupsia." The Io mier is delincd as an 
acute hypertensive disorder appearing aftcr abontt the 20h w eek of plegliaicy 
and accompanied by edelld of hand and Iace arid/or pioteiiuiia: tie litller is 

defined as being closely iclated to pre-eclampsia nd, if) Most cases, its end 
result. 

In the United States, there has been a decline ill tire mater ial itol lality late 
due to acte toxemia fron 52.2 per 100,0.0 live hirths ill I ( o) 1.2 ill It65. 
Mortality rates show wide variation among individual states, lanllging from one 
third or less of the national average ill sotme states to t'oir oir live times the ina
tional average in others. The most striking association of these differences is 
with per capita income; the lower a state's per capita incoriie, tie highel tie 
Inaternal riortality 'rron) tOxeInia, arrd vice versa. This sate relatio appears 
to hold with respect to inCiLencC o' tie disease. 

The relative irmportance of lutitilion ill fle etiology and cOtise o1 toxenlia 
during pregriancy has been tire subjecl of' cotrnovesy for mary years. )espite 
the dearth of specific evidence, opinions about diet have had : prrwet1i" inlu
ence otn medical practice. (;reatest interest has centered ott tie intake ot caIo
ries, protein, and salt. 

Tire concept that limiting weight g:rlr during pregnancy by caloric restric
lion protects against toxemia derived f'rot tie observed reduction in the irnci
dence of eclarnpsia in Europe during Wor (I War I. Because the war brought 
about a scarcity of food, prcgnat worien gained less, and it was concluded 
that the restricted diet was protective. During the 1920's and I )30"s, caloric 
restriction intended to limit weight gain during pregnancy was widely advo
cated in tire United States as a means of preventing toxeiia and rother compli
cations. The practice f'ound its way into textbooks of obstetrics and has been 
widely adopted by the medical profession, despite tile fact that it has been 
subjected to lit :ie scientific scrutiny. 

That caloric restrictions may not necessarily be beneficial is suggested by 
recent studies on a large group of women iii a single university hospital who 
gained iii excess of 30 pounds during pregnancy. Only () percent of these 
women developed toxemia. Confusion has iii part resulted from lailure to 
distinguish between weight gained as a result of edema and that due to deposi
tion of fat. There is no evidence that women with large total weight gain due 
to excessive accumulation of fat are irore likely to develop toxemia than 
women with lesser accumulation. 
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The quantity of protein consumed has been held by sone to influence 

both lite developiient of toxemia and tie effectiveness of measures designed 

to prevent it. For example, it has been widely suspected thtat changes in diet 

in Ile Uniled States, particuilatly iii protein intake, may have contributed to 

the decieased niational incidence of this complication. Although the propor

lion of total calm ies furnished by protein in the average diet in the United 

States has reirained fairly constant at I I to 1I percent, ant incleasing propor

tion has come font aninnal sources. [vidence bearing oil the influence of 

levels of plolei intake of individual women is insufficient to allow valid con

clusions concerning the influence of dietary protein levels per se on tile devel

opillent of toXellia or oil its prevention. 

Since edenia is one of the characteristic featnres of toxemia, iotine liniita

ion of salt intake diring pregnancy to avoid or reduce edenta has gained wide 

acceptance in practice. )iuret:cs are also commonly prescribed to accomplish 
the sante goil, often il colju:ction with salt restriction. Recent experimental 
studies on pregnant rats demonstrated deleterious effects of' salt depletion. 
The safety of routine salt restriction luist be questioned, as oust the use of 

dintelics in prenatal care. 
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3Implicationsfor Dietary Management 
dur'ing Pregnancy 

Knowledge of the influences that specific nutrients have oltileouicone of pregnancy is limited. Pa ticular emphasis is given here to those dietaly pi ill
ciples and practices that hate immnediate iiiplicalioiis Ioi curielw health se
vices, public health, and nutition practices. 

Al average weight gain diiiing pregnalcy of 24 lb (lange 20-25 1b) Iscoln-Imensurate with a hettel than average conise and ontcoilie ot pilegillcy. Iliswould be a gain of 1.5 to 3.0 11) dnlIig (lie iHIstItIc',Iel and a gaill of1,0."Sh
 per week during tileieil:Iiidcr o piegihiw fliCie is lH sci llifit
jt',Illlcit
-lion for routinle li talionls Ceit gll letdSil 

for a chart indicating expetcd 


( t %% ItolJ 1111illlIN. fSetO AlIpeldli\ A 
iilldLIInllg
Ile coin W (1pICglliCic ,l*idAIp)el.

dix 13for a table of staniidard weighl tI'miage anIIdl ICighI.)

The patllern of'tweiht gain is 
 t giealei iii Li itjoicihlllalllic totIe illlllll
 

a sudden, sharp increase aicIlahont 
 tie 2tth wcek o pieglialic.y Iay ilidialewater eJi titioi aiid Ile possible onsetl of p[e-.lclipjl+,i. I liei k tiievidellce
 
that tile total alnotlill te u 
 illing cgII,",])I .sI Ch:,,i.pc- iiSla i i a iioi i
ship to pi ccla inpsi.
 

Severe caloi ic lrstlictioll, which hi',been %ci 
 (milliii il iee l ieeii 'de. is
poteltIally h.1ilih 
to0 tiledeveLopilg t'e Si: t111L ItllieI :iIthu 1i1LIllllii iivi.
tably restricts othe Ilitlielits C,,itiAh il gowt hi piCe's,,es. \\'e.'igl-iedttlill
IegilleCS, if' ne Led e, sho ld hl iisntliIcd illV 11'It-1 pilcgnalicy 1:1h +iillh .Tie yiUlig alolCscctlll (i.e., iilidel.a io lge)L )i',, pcial prl tI 7 cmi ejiii,

during pregnancy. tr iHiowi illh
gnith eqic aimlsi cqilate diet, ', pallic.ilalreference to Calories, Ilt IClll i;liill,ail alld sleL toih lt'e, c:I ic Lc) ivalit1 
poorly. Thelefole, wkhil tihe 1lint itioiil liL- aiids ot prcglIiiieC dic llpel ii1i
po.'sed o lIhose f adolesceclle. (i1l e shl ld be liii0Sti nelll Cahiiic It ifIiCitioll.Even for the obese yotung adolescent, lmodest weighI gaill should he periit led 

13 

http:h:,,i.pc


14 Maternal Nutrition and the Course of Pregnancy: Summary Report 

during prplinlcy. anid ally attempt to reduce imaternal weight by caloric re
stritioii oMdrugs ,lhiild he Postpo ed until after delivery. "lhestandardized 

diets LI)iiiirlilyIlid II prenatal clinics are specially uns1uitCd to the special 

Illitliliolial lieeds I ilie .o unlg 1adole-celt. 

SIpCial afttrit I should he paid i the dietary intake and fod habits of 

W(IllIlel Wihi e'IL'I l)elaricy il ,a poor iiiitritiOiial Stat. Youlng adollescelllS, 

0Voaeal WhoCIive ben' onllslirijiiig regiiens, and those of low sociiccoiioinic 

slatus ale pall illillyvulcrahle to the iiietabOlic deiiands Oof1preCglialCy. 

Whenl ilimlificalo if the ctistoilialy diet is indicated during pregnancy, it 

shld he uiiltaken iri acc!i dace with the principles of g'o.d nutrition. The 

pliuiiuiug oi as-,es-,ieittl ( duets SlImhUld he guided by the Recommended Die

laiy Allhwa'iuces ot the Natii;al Research ('Concil (Appendix C). 

'lie widesplead praclice of rotlllely ,stricting Silt intake and at the same 

tiic piescrihiug diuuietics is of doubtful valne in preventing pre-eclampsia and 

is poltetially dLiu.t-cons. The i tine use of diietics without specific clinical 

indicat ions is unw.ise. 

Vitariniii aid mineral siippleiieits slould not be routinely instituted as a 

ieans fr coirtcling poor food habits. In considering the wisdomi if reconi

reticiding tlieiir, the elative cust, ,s cor pared to enhancing the nutrient intake 

with ttMids, shmldh. Ie taken into acLOUnnt, especially ill caring for pregnant 

wotme'n with iuadeqiate incomes. Except for iron tid folic acid, the rontine 

suppleinienatioiu of diets of pregnant women with vitamin and mineral prepa

ratiols is of uncertaiii value. When slpplenuentation isjudged iecessary, the 

quantilies fitiilt ieils snpl'lied shiund approximate the daily anounts sug
gCsled in lhe R,coiMuiendedIL)ielary Alloiwanices (Appendix ('). 

In view of the apparenl widespread iiicidence of intritional anemia and the 

increased iron ieulinliCleents of pregnancy, iou '-pplenientat ion is needed 

dillirig the seconld :1ud third it iiuesters ill aHiuolnits of 30 to 60 rig per day. 

A daulyv suipplcment of' t).2 to 0.4 ig of folate during pregnancy should be 
sufficient to picv,.t folic acid deficiency. 

In areas where tihe Soil and Wate: are deficieiit in iodiiie, the use of' iodized 
salt should be elacoliraged. 



4 Reconni endations 

Nutrition has an important role in reproductive performIance. lpiderirological 
data strongly suggest that good preparatito tor pregnancy is based )I good
health background and good nut ritional status. To be well nioi ished ton 
childhood and to maintain good diet during pregnancy would help to ensie 
safe, healthy pregnancies and heithy babies. 

To reach such an objective on anational scale has irplicatioris lo policies
that al'fect the availability of ftood, especially for fainil1C with inadequate f00d 
budgets; I'or public health and nutrition services and educatiolal plrgram's at 
the federal, state, aod local levels of government, for nuIt rtion education 
throughI schools and )ublic communication channels; and f'or the nutrition 
education of those in professions concerned with matei iity care. 

General 

As a result of deliberations on the sues considered in the conprehensive re
port, the following recommendation., evolved: 

1. There is need for emphasis on a single standard of highr-quality maternity 
care, including nutrition, for all pregniant woriren. 

2. It should be borne in mind by all 11fficials responsible for r 7rning and 
implementing food programs, especially for families with inadequate budgets,
that their physiological needs place infants, children, adolescents, and pregnant 
women in top priority. 

3. The curricula in medical schools should be greatly strengthened to pro
vide solid, .ientific education in nutrition and its relation to health. Medical 

15 



16 Maternal Nutrition and the Course of Pregnancy: Summary Report 

aware of the knowledge and skills of profes
students should also be made 

sional nutritionists and dietitians so that as physicians they may better utilize 

the services of these persons. 

4. The American College of Obstetricians and Gynecologists would be well 

advised to establish a (onnittee on Nutrition. National and state boards of 

medical examiners and the American Board of Obstetrics and Gynecology 

should includu ill their qualifying examinations questions on nutrition as it 

relates to the course and outcome of pregnancy. 

5. There should be many more qualified nutrition personnel in community 

mothers and children, to act as consultants ;od
health services that serve 

devise ways of increasing direct services to individuals. These ::ervices sh(ul'1 

include tile training of auxiliary personnel who could then assist families on 

food budgeting and purchasing, meal preparation, and family living. 

6. Persons responsible for planning the curricula of elementary and sec

ondary schools shMld provide for teaching basic facts of nutrition and should 

encourage childrcn and young people to develop good eat ing habits and to 

appreciate the value of a good diet. 

7. Public health agencies and the health professions should assume greater 

responsibility for disseniinating sound nutrition informnation, thus minimizing 

the influence of food faddists and charlatans. 

8. 	While the team approach to comprehensive maternity care is generally 
least

appropriate, when pregnant adolescents are involved, there should be at 

the team who is well versed in their special needs 
one professional person on 


and problems and can communicate effectively with them.
 

(). There must be no barriers to impede or prevent a young girl from ob

taining prenatal care and family-planning guidance -all attitudes, practices,
 

regulations, and laws that discourage teen-agers from utilizing existing medical 

services and obtaining information and advice about pregnancy should be 

examined and, where possible, changed. 

10. School personnel should be helped in their efforts to bridge the gap
 

between tile school health and guidance programs and the maternity care
 

facilities in tile community. 

II . Provision should be made for pregnant adolescents to continue their 

education and to receive instruction in personal and family living, nutrition, 

and child care. 

Research Emphases 

The overall aim should be to provide rational bases for medical, public health, 

and nutrition policies and practices. Research has been too much centered on 

problems and pathology of pregnancy and on clinic populations in which the 
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incidence of complications tends to be high; more emphasis should be placed 
on the study of tihe normal physiological adjustments that take place during 
pregnancy. Accordingly, it isrecommended that supp,.irt be sought from 
private foimdations and government agencies to establish and maintain one 
or more multidisciplinary research and training centers for tle study ot the
 
biology of human reproduction. The research most needed teqluiles continu
ing, long-term investigations carried out by teams of trained investigators
 
working in well-equipped institutions, in close affiliation with obstetrical 
facilities, with both out-patient and in-patient services, and with opportunities 
to study in depth the physiological changes that take place througlhout the 
reproductive cycle in women of varying levels of health and reproductive 
performance. Only from research of this kind can come definitive answers to 
questions about specific relationships between the nutritional status and diet 
of the m,ther during pregnancy an( the course and outcome of pregnancy. 
Such centers should also afford opportunities for the training of personnel
for research, teaching, and service. 

Because many effects of diet on human reproduction can be detected 
only by observations that extend over a long period of time and because 
others may require examination of large populations, there i,.need for epi
deniological studies to assess the influences of geographic, social, and eco
nomic factors, including food availability, food habits, and the availability 
and quality of medical care. There should be close cooperation between 
epidemiologists, laboratory investigators, and clinical research workers. 

New techniques should be developed to provide i;,ore precise information 
on the effects of undernutrition and nm.alnutrition during gestation. 

As for research with experimental animals, greater use should be made of 
primates, but if their full potential value is to be realized, breeding colonies 
of the best-suited species should be established to ensure an adequate supply
of animals of known genetic background and health history. 

In the following listing of research areas that need emphasis, no priorities 
are implied. What can be undertaken at a given institution will depend in 
large measure on the special interests of individual staff members arid on tile 
available money and personnel resources. 

The Pregnant Woman 

0 Physiological and biochemical norms, established on the basis of studies 
of healthy women experiencing a healthy pregnancy 

* Sodium requirements in pregnancy 
* The importance of individual differences in physiological adaptations 

during pregnancy to its course and outcome 
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lormonal changes in pregnancy ill relation to the supply of nutrients to* 
tile fetus 

* Changes in the absorption and retention of nutrients during pregnancy 

* '[ie mechanisl for mobilizing calcium from the skeletor, and from the 

the role of dietary calcium durirgdiet for transport to the fetus; studies on 

pregnancy 
* Changes that occur in the metabolism of protein during pregnancy and 

factors ,fflecting these changes 

* The relationship between maternal blood sugar levels and carbohydrate 

metabolisin of tlie fetus 
* The effects of caloric restriction during pregnancy on the growth and 

neurological development of the fetus 

* Circulatory factors in the mother that affect the transfer of nutrients to 

tihe fetus; data on blood pressure levels of normal women prior to p.egnanicy, 

possibly from neasurements that could be included in the routine health 

examination of high school and college girls 
of pregnancy for* The ielation of biood pressure levels to the outcome 

both 	mother and infant 
anld kind 0f protein* The relationship betweenI toxemia and the anmount 

consunmed, over both short and long periods 

* Effects of oral contraceptives oil the nutritional status of wonel and 

their tpreparalion for Pregnancy 
* Special problems and nutrient requirements of' multiple pregnancy 

* Longitudinal studies of girls fron all socioecononlic groups, beginning 

at age eight and continuing to the end of' the growth period to provide data ol: 

relation of patterns of postmenarchal growth to fertility 

effects of' pregnancy oil post mnenarchal growth 

the impact of early pregnancy on adult stature 

length of' the anovulatory period in early- and late-maturing girls 

to hazards encountered illdifferences between early aid late niaturers as 

pregnancy 
metabolic . ffects of lie imposition of pregnancy oil the growth process 

of the young girl and the cululative effects of these oil 	nutrient requirements 

effects of tile mothcr's biological immaturity on the fetus 

effects of oral cor.traceptives on postnienarchal growth and inductionon 

of metaboiic disorders
 

mnutritional requirelent2, at different stages of adolescent growth and
 

developmeit
 

criteiia and Methods for assessing the nutritional status of adolescents 

influence of tile long-term health aid nutritional status, and of dietary 

intakes duriing pregnancy, of' teen-age mothers on time course and outcome of 

pregnancy 



19 Recommendations 

--tilepsychologicai impact of early pregnancy on the young girl causation 
of temporary or pernanent developmental arrest, interlerence with her albility 
to become a competenlt mtother, differences illkind ioni those seen in mature 
wonell 

e The relation of, mlaternai lienatological status to tileCoIISe and OutCOIIe 
of pregnancy 

* Factors that modify the absorption of iron and its subsequent utilization 
during pregnancy 

diet or by supplenIentation* Effects of nutrients supplied by tile on 
hematological status 

* Effects of precottceptual and interconceptual care on hetiatologica! status 

The Fetus and Placenta 

* Mechanisms for transporting miutrients across the placenta, including 

placental clearance and turnover rates, and factors controlling these Itechanisims 
* Level of nutrients in maternal blood needed to promote optimal fetal 

growth 
* Relation of endocrine functions of the placenta to the supply of nutrients 

to tilefetus 
* Factors influencing the transport of nutrients across tile placenta in 

multiple pregnancies 
* Itproved methods to study tIle circulation in the placenta 
* Re-examination of the concept ot llacenlal insufficiency 
" Role of maternal infcc.ion during pregnancy to more clearly differentiate 

the effects in uh'ro of poor nutrition and infectious agents 
• Determination of fetal-uterine relationships a spe,:ific times during 

gestation by suchl new tech niques as sonar scanning 

The Newborn 

* Comparative studies of body composition of newborns having different 

characteristics, i.e., normal infants, infants with low birth weight for gestation 
age, and those prematurely born 

* The effects of maternal ketoniuria on tileneurological development of 

the offspring 
• Thee physical and intellectual development of infants and children of very 

young mothers in comparison to the children of older mothers with the saite 
social, economic, and ethnic characteristics 

0 Longitudinal studies in appropriate populations covering time period from 
early pregnancy, through birth, to middle childhood, to assess tihe lull impact 
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later growth and developof naternal undernutrition and malnutrition on tile 

bent of children 

Epidemioloqical and Field Studies 

o Th effects of the sociocconoiic milieu (e.g., the increasrapid changes ill 

ing iutulles of womenh employed Outside the hlome, the increasing range and 

availability f"convenience foods, teImoveelilit of faioilies to oew environ

inents)om the kinds ;iid Cuantitiesof foods purchased and oil tihe ntrient intaki 

S('hanges illsocial patterns that Imav indicate altered nieeds for mnedical, 

public health :and nutriin, w:oilier services 
w Studies of a population of women before, during, and after the pregnancy 

period to ciarify the relation hetwecn dic incidence of the toxmnias of preg

nallcy anid Varllus specific factors illtie homu and commiluity ,nvimoniient 

socioeco;iomic status, nutritioial status, r:1ce, dietary and other health habits, 

availahility and utiliz.Aion of' medical care 

0 Controlled studies illa population having a high incidence of toxemia to 

ehcidate the iole of sodium. (The studies should concentrate oil piniigravidas 

alrd should deal with groups large enough to lend statistical signilicance to data 

on pre-eclamnpsia. linl'orlation should be obtained on the aimotmnts of sodium 

ingested, retained, anld excrcted, and determinations imade of hlood(olume 

and plla l evels of sodiumn, potassium, amd elated hormones. Total hody 

Watler should he measteed and, if feaible, nmuscle hiopsies done to determine 

Ihow sodilml collellt might he affclted 1y dietary sodium1 Cstricioll.) 

van lolls socioec ol'ollic gloupilg. 

and in different geographical areas 
* The occi ience ol leen-age plegliancies ill 

* ('ollectioni of natality and mrtality Statistics, JeIlrOted by single years of 

age hi- girls under 20 
0 The role of dietary practices and nutrition tlnoughoul !ife on changes in 

ilie age of nienan the
 
0 Studies, onll or colitiltlilig basis, 0f gIotips of wom0en101
a recurrent With best 

and With pIOOrest re)nIOdnctive performance, to define the inost important risk 

factors, to include an evaluation of past nltlitiolal history as well as dietary 

intake during pregiiancy 
outcome for groups of women With vithont 

specific inltervenions tlhat affect nutrient intake suppletnentairy foods, 
* Studies of ptCgnialicy alild 

fhIarnliaceitical supplenllts, education illniutiitiol 

6 Studies to deteliumie educatio-'al niethods toinstill eadlog habits that will 

prolote adesirable nulitiolal Status ( to be undertaken in elcnentary and 

secondary schools as well as ill clinics and other ,;ettings where health services 

are )rovided for chiihei and adolescents, with partictla concein for the rela

tionship of socioeconomic status and cultural and ethnic backgrounds to tlre 

development of fuod habits) 



APPENDIX A GAIN IN WEIGHT GRID 

PRENATAL GAIN IN WEIGHT 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
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Pattern of normal prenatal gain in weight. Source: U.S. Department of Health, Education, 
and Welfare, Social and Rehabilitation Service, Children's Bjreau. (Reprinted with per
mission from Clinical Obstetrics, 1953, J. B. Lippincott and Co.) 
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APPENDIX B TABLE OF STANDARD WEIGHT FOR HEIGHTa 

Height without Shoes, 
Plus 1 Inch 

4'10" 

4'11" 

5' 0" 

5' 1" 

5' 2" 

5' 3" 

5' 4" 

5' 5" 

5' 6" 

5' 7" 

5' 8" 

5' 9" 

5'10" 

5'11" 

6' 0" 

Standard Weight 

104 

107 

110 

113 

116 

118 

123 

128 

132 

136 

140 

144 

148 

152 

156 

aThe above weights were taken from Metropolitan Life insurance Company, Actuarial 

Tables, 1959, and adjusted to comply with instructions appearing on the Gain in Weight 
Grid, namely: height in inches without shoes plus 1 incn to establish a standard for heels. 
Patients should be weighed with shoes as normally worn. The table above is for medium 
body build and, except for extreme body build deviations, these figures should be used. 

For example, a patient whose height, measured without shoes, is 5 feet 4 inches would 
have one inch added; therefore, her standard weight fur height would be 128 pounds. 

Ranges are not acceptable in estimating standard weight since this is an objective ob
servation and represents the midpolnt. This midpoint must be used for recording pur
poses. 

For patients under age 25, one pound should be deducted for each year. 
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APPENDIX C RECOMMENDED DAILY DIETARY ALLOW-
ANCES FOR GIRLS AND WOMEN AT VARIOUS AGES, WITH 
ADDED ALLOWANCES FOR PREGNANCY 

Recomnmended Daily Allow,inces for Nunpiyrani 
Women IlttM11111i tI Mir 

Di ly A Ilowaon es 

12-14" 14-1G" 16- 18 18-22' t 22- J5 Added loi 
years ol( yearsold yearsol( years old e, i old Prhgnn, :y 

Calories (kcal) 2,300 2,400 2,300 2,000 2,000 200 
Protein (g) 50 55 55 b5 55 10 
Vitamin A (IU) 5,000 5,000 5,000 b,000 5,000 1,000 
Vitamin D (IU) 400 400 400 400 0 
Vitamin E 0lU) 20 25 25 25 25 5 
Ascorbic acid (rOg) 45 50 50 55 55 10 
Folacin (rmg} 0.4 0.4 0.4 0.4 0.4 0.41' 
Niacin lmg equiv.) 15 16 15 13 13 2 
Riboflavin (my) 1.4 1.4 1.5 1.5 1.5 0.3 
Thiamin (mg) 1.2 1.2 1.2 1 0 1.0 0.1 
Vitaorin B6 (rg) 1.6 1 8 2.0 2.0 20 0.5 
Vitamin B 12 

( ;' g )  
5 5 5 5 5 3 

Calcium (g) 1.3 1.3 1.3 0.8 0.8 0.4 
Phosphorus (g) 1.3 1.3 1.3 0.8 0.8 0.4 
Iodine (.g) 115 120 115 100 100 25 
Iron (rg) 18 18 18 11 18 f 
Magnesium (mg) 350 350 350 350 300 150 

aBod), si/e, 44 kg, height, 154 cm.
 
bBody size, 52 kg; height, 157 cm.
 
CBody size, 54 kg; height, 160 cm.
 

dBody size, 58 kg; height, 163 cm.
 
eThe diet may be supplemented with 0.2-0.4 mg of folacin daily.
 

fit is recommended that the diet be supplemented with 30-60 mg of iron per day.
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