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ABSTRACT A qiantificaitionof aqe )atterns of reproductive risk, based 
on major researchstudies, shows that there is a reproductivematernal 
age of minininin risk. As a.e departs, either on the ylou nger or the older 
side, Jrom the optimalage, risk rises contin hotushj. Thus. tae patternsfor 
varions types of reproductive risk uisu ally takae the .['ormof U-, J-, or re­
verse i-shaped enru's. 1/use patferns are ilustratedfor inat ernal mnor­
bidity and mortality,,''tiltmortality, stillbirths, peri natal mortality, and 
infrnt mortalityp. Althougph the patt'rnof risk persists tt all levels of risk, 
absolute risk caries Irt'mentdousl! nee r space t nid timeat/ tielross income 
classes. A high re/ative risk at a pgive'ni age dots not necessaril lnean a 
high absolit' rt t(it that tit'. M/aternal mortality intipy he s inuiichi as tenl 
tiiiies hip/l'r tiilOiip 7V'oleli in the'ir.fortit's lhat tniion!] it11('1 in their 
twenties, but the r tam( ylitolder women in a lonmortalitp country 
may he lower thtin the rate (lliioip poiinp uoniei ini a hipgi morfttlitp 
countrp. 7hee observations snpport the hypotheses that biologicalpro­
cesses are the chit'f det erminants of tMe age patternof reprodlictiverisi 
attd tt social, culfi rtul, and J'tors'cononitie larpely deternine,the de­
gree of'risk, whtevt'r lit' mother's ape. 
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The question whether there are opti-
mal childbearing ages and birth in-
tervals has long commanded the 
attention of both the medical pro-
fession and the public at large. This 
is a dificult question to answer be-
cause pregnancy and its outcome 
are influenced by all the circum-
stances of life--cultural practices,1''~*'*zero 
genetic disposition, nutrition, health,
hygiene, housing, medical care, ma-
ternal conpetence-in short, by the 
total configuration of biologic, social, 
and economic circumstances of par-
ents and children. With so many 
forces operating, the mcasurement 
of the influence of any one factor is 
obviously a complex substantive and 
statistical pursuit. 

The rationale for trying to isolate 
the influence of parental age on 

pregnancy outcome is that age dif-
ferentials persist even as the level 
of risk introduced by other variables 
is reduced, and, in many societies, 
very early and late childbearing are 
correlated with reproduction Under 
unfavorable circumstances. Also, age 
per se offers an easily identifiable, 
readily available, and ethically ac-
ceptable handle for coming to grips 
with the factors in childbearing and 
pregnancy that are the chief' rleter-
minants of higher mortality, 

It is not well understood why re 
productive capacity declines with ad-
vancing age even when a woman 
contii, es to have regular menstrual 
periods and is in seemingly good 
health. However, biological factors 
appear to play all important role. 

relatively early in life.' In contrast 
to most animals, the human female 
thus has a long postreproductive 
period, amounting in the course of 
the normal female life span t:)as 
,nany ears as are spent i r 
tile state. (One is tempted to observe 
that the long postreproductive pc-
riod provides the human teMale with 
a lengthened op)portutiity to tras-
toit a cultural rather than genetic 
heritage to tile next generation, a 
point of view that suggests that ra-
tional fertility control is comlpatible 
with natural development. ) There is 
also evidence that the stock of 
oocytes may decrease in qu1ality a 
well as quantity as tile women nMears 
the end of her retproductive span. 
Early spontaneous abortion, often of 
a genetically defective fets, in-
creases with age of woman, lo1-
Inonal, morphological, and histo-
logical changes with age noted in 
the reproduLctive and related organs 
of ma'ny animids, including man, 
indicate a deterioration in reprodu,c-
tive capacity with age. And, al-
though tlem an male is capable of 
produlcing viable germ cells, that is, 
spermatogeliesis, for a much longer 
part of' his life splan, tle quantity 
and quality of spermatozoa deteri-
orate with advancing age (Bishop, 
1970). 

As ftrther evidence of' the sig-
nificance of biological factors in re-
productiv, capacity, age schedules 

I'This is not to say that oocytes arecompletely exhausted when the ability to
conceive ends. Statistical data on oocyte 

Certainly they are all-important ill stock at difIerent ages are scarce, but 
determining the end of the repro-
ductive period. Unlike the fenale 
of almost all other species, the 
human female is unique in that the 

stock of oocytes (immature eggs,
which are produced only dui-ing 

fetal life) is virtually exhausted 

to indicate order of magnitude, the few 
ovaries examined showed an average 
supply of 10,900 at ages 39-,15 compared'ith a stock of 733,000 at birth, with a 
supply at in-between ages to indicate an 
increasing attrition rate with increasing 
age. Thus, of the 34 million iminature 
eggs with which the human female is 
horn, only about -100, one or so a nioiithfor about 30 years, ripen for potential 
fertilization (Talbert, 1968, p. 462). 

of fertility of all human populations 
liai'e several common features. Ac­
cording to Coale, who has studied 
these extensively: 

All rise smoothly from zero at an 
age in the teens to a single peak 
in thle tw ties or thirties, and 

the ortiesousl to er
iinthle forties and to zero 
not tuco above age 50. The low­
e mean age of fertility I have 
found is a little less than 26 years 
(in recent years in lungary); the 
highest a little over 33 years (in 
nineteenth century Sweden). In 
all but a few fertility schedules, 
75; of total fertility occurs 
within a span of 16 years, and in 
every case I have examined within 
a span of 20 (1972, pp. 5--6). 

Parental age patterns of repro­
ductive risk (that is, risk of mor­
tality or morbidity to mother or 
cild) also show striking similari­
ties. Indeed it is common knowl­
edge that risk is high at the very 
yotinga childbearing years, drops to 
a miniulm usually sometime in the 
twen ties, and then rises continu­
ousl y to the end of the childbearing 
years. 'File inverse relationship be­
tween capacity to conceive, which is 
an inverted U with respect to mater­
nal age, and reproductive risk, which 
is U (or J) shaped with respect to 
maternal age, supports the a priori 
proposition that biological processes 
large;y determine the age pattern of 
reproductive risk. 

Onl the ither hland, the trenien­
dOclS variation in the rate of' risk, in 

space aid time and across different 
social classes, is strong testimony 
that social and econornic factors 
have a great deal to do with the abso-
IlIte levels of risk at any age. Age at 

marriage, proportions married, pre­
and extramarital inercourse, inci­

dence of divorce and widowhood, 
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practice of contraception and abor- been declining in the past century, by the distribution of mothers within 

tion, and in some cultures, proscrip- and in the United 'States, it is cur- the group. The general effect of ag­

tion of intercourse during religious rently at about 13 years (National gregating teenage pregnancies and 

holidays or for a period following Academy of Scieecs, 1970). At the births into one 15-19 age group is 

parturition strongly modify fecun- otler end, studies of diverse popu- to transform the age gradient risk 

dit. Because of these exogenous fac- lations at various times have shown pattern from what inight be a U- to 

tor , while the relative risk with age considerable proportions of women a ,J-shaped curve. 

scens to persist across different who had not at age 50 yet reached Similarly, curves representing 

classes, there is a wide variance in mcno'ause.2 - Ihts, births can and parity or social-class aggregates lay 

tile absolute level of risk. Maternal do OCCUr to wonlen before age 15 also be the resultant of rather differ­

mortality, for example, is often five and after age 44, but tile relatively en t Shapes for individual parities ) 

to ten times as great over age 40 as few such births (and pregnancies ) or cLasses. TIns, for trile age pat­

it is among womeni n their twenties, ave readily accomnnodated without terns to emerge, tle distorting el­

but illcountries of low mortality, significant statistical bias 1y dealing fects ofa heavy concentration inpar­

even anong older women the rates with them as though thex' had oc- ticulatr age-parity classes of either 

cannot be thought of as "high" in an corred to womlen aged 15 and -1-, higlh- or low-risk pregnancies should 

absolute sense and may even be respectively .:' be relnoved. To do this, tile age 

lower than among younger wolen The tendency itt published data gradient of' risk nlst relate to "1ho­

in high mortality countries. to aggregate teenage pregnancies inogencous popiulatiol ---that is, a 

Thus, we are led to hypothesize tuld births into ope composite 15-19- population as much alike as possi­

that (I ) biology poses a persistent year-old age group is unfortunate ble in all factors, except age, that 

U- or J-shaped irreducible minimul because biologically this grouping have an iltlort nt bearing on preg­

of reproductive risk with respect to tnay be atcomposite of both the poor- nancy outtconle. Ideally, therefore, 

age; and (2 ) the socioeconomic est and the best time to start child- lhe lata shotuld bc subdivided into 

background of tile parents is the bearing. That is, at age of menarche, socioeconomic sMbgroups, but cross­

chief determinant of the level of having yet to grow and mature classificationi requires a large sam­

risk. To the extet ' that poorer health, themselves, most girls are biologi- ple size for statistically significant 

lower income, at, .1inadequate medi- cally unprelared to provide ade- findings. 

cal care coexist vith reproduction at quate nourishment for a growing Of' tile many studies available 

the ve'y young and older parental fetus On the other hand, by age 18 on the relation between parental age 

ages - -as they do in most societies-- or 19, the human fenale may be at at birt atll reproductive outcome, 

tile age differentials of' risk are or close to her prime physical condi- almost all deal with maternal age 

sharpened. lion for reproduction. Thus, rates of because of fhe obviously critical role 

This review evaluates, objectively risk for the composite 15-19-year- of tile mothetr in the offspring's pre­

and quantitatively, the age gradient old age group are heavily influenced and perinatal period, although ge­

of relative risk. netically both parents contrilbute 

equally. Limitations of' the data, 
-'In the US health iterview survey of therefore, necessarily restrict tile 

NATURE, SOURCES, AND 1960-1962, for example, of the women analysis and quantification of' rela­
any operative meno-ORGANIZATION OF THE DATA who had not had 

pause, 11 percent of those aged 50-51 at tive risk to maternal age but soie 
Since vital data and research results the time of the survey reported they were in formation otn the paternal age risk 

not menopausal, but by age 55-56 the fig­
are usually aggiegated into 5-year ore was down to 4 percent (US lIEW, to the child is also available. 

age groups, for statistical purposes lI966c, pp. 5, 8). Because of the long-standing in­.'It should tie noted ratesthat corn­
the 30-year period front age 15 to puted with denominators of number of terest in thte optinal ages of child­
age 4-1 is generally accepted as the females aged 15-19, 40 t4, or 15-'4 are bearing, the literature ott tile subject 

lot adjusted for tilt'number of women 
human female reproductive age who reproduce outside the 15-44 age span. is rich almost to the point of being 
span. Individuals vary with respect towever, the tact that numerator (preg- inexhaustible. For this review, it has 

nancies or hirth., ) and denominator ( ouml­

to both the age of inenarche (when her of females per relevant age group) been combed, mostly in secondary 
tile menstrual cycle is first estab- may not be exactly matched does not sources published in English, for

aff,ct tie rates to any appreciable degree. 
lislied and with it the capacity to It should also he noted that in somin 

the age of' mreno- stidies, the upper and lower age groups .- ...­conceive) and 
are open ended, that is, literally under age Parity is a term that relates ") the 

pause (when tle capacity to col- 2. and aged 40 and over, while in other mother, representing number of previous 
ceive virtually terminates). The studies they are closed-ended, that is, aged births. Birth order is a term that relates to 

15-19, exclusive of ages under 15, and the child, representing the number that 
average reproductive age span also aged 10-14, exclusive of ages 4t5and over. the child is in relation to hirtlts to the 
varies arong countries and regions. The listing of allstudies as though these mother. The practice varies with regard 

age classes were identical is not considered to the inclusion or exclusion of'stillbirths 
In the West, age of menarche has to affect the findings significantly. and abortion. 
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studies considered sufficiently well 
designed and executed, and of large 
enough sample size, to yield sta-
tistically mU.Min gful findinigs oni 
age patterns of' pregnancy outcome, 
contiolled for birth order. Thib; rather 
rigorous statistical stanidlard ill tile 
choice A' materials was ri ;axed in 
two respects: (I) to in:lude some 
information on develonimng coun-
tries, and (2 ) to include infor'ma-
tion on childhood perfj ortoalice in 
relation to parental age. at birth, a 
topic on ! lichvery few data exist. 
It was J.o possible to include some 
innpo: tzat Unl)ublislhd(l(t; for ex-
aniplld, inloint lloitalit'' ill (le Uniited 
Sia, s by ,iiigle year ofl age aSta, s bllsingleor'latetiftagedamong 

nes as well a a w studis 

ltifibsiedil in other' languages. T h;us
IM11h.SlIC~i~ti 

tie ;tudies are of larte,, liolations, 
ba-,,Cl mainly on uiational or 'regional 
vii ,l soatistics record,, o' else they 
ar: nudical iimvestig.,u ions of mre 
1lifited scone but ci isiderod well 
Its-gii'd aid oftelil dilucted with 
('(lt ld 	 groupsa. 

A ';danlard techuiiqie was Use 
to (ftiMlifv tile Iinodings for studies 
rlting to a particular risk of' preg-
ancy otcole into a maternal a ge 

gradient. The iaterials were or-
ganized by risk, ;iiind the hypothesis 
was posed that the relative risk by 
age remains much tile same regard-
h.ss of' the aisolute fe'el of' risk. Ac-
cordingly, the age-specific rates bv 
',irth order '"or each study were the 
basic dala. For each birth order in-
doepidently, Ihe age-specific rates 
were cCoMvetCd into index nutimbers 
bVed oh al 11 uneighted average 
(alit;]:Iletic meil of a liroad age 
lias(- for that bilh order equal to 
100.' ( file range (J'age classes was 
such as 10 1 irimit, lor each risk, the 
inclusion of' all tile studi's listed. 
l'or each risk, by l;irth crder, the 

'C.Tietze suiggested its i index hase
the ii'weighted average instead of the 
overall a'eragc, whith is a crude rate in-
toencd 1hythe fIrequency of occurrenc' 

per ;,,e 	class. Althguoth the relative 
relationship remain-. the 'alne, the un-
weighteI average i- not affected by fie 
age distribution o, that findings from 
stu6v to study are nt;,e comparable. 

median age-speciiic index Itunber 
and tile range in index iinlbers 
o er the var'ious studies were then 
determined. A least squares para-
bola was fitted to the medians to 
portray tile hypothesized basic age 
gradient for that iirth order for the 
risk under discussion. This tech-
niqtno was ap)licable to all except 
tlie last two of the following cate-
gores into which thei materials are 
organized: 

I 

ffects on mother 
a. laterial mortality 
1. Maternal complicat 
c. Femac mortality 

- oss 
Stillbirth or late fetal deaths 

, 	 i l orialitv (stillbirths
death shortl afteriesanulive 

t)lUs deaths shortly a live 
irth, usually Within a week) 

5. Infant mortality and its con-
poents 

6 Congenital ilal 'formations 
7. Cfildhood eelilmelt and 

performance 
a Ph ysical handicaps 
c. Pn'gal perfo'anceh 

e 	 ns 
atterns 

The doccumentary evidence on tie 
relationship between maternal age 
and pregnancy outcome establishes 
that risk of' mortality or morbidity, 
to mother oi' child, is minimal when 
the mother is neither too young nor 
too old and wheit the child is of' 
moderate birth order, not exceeding, 
say, four. Th fewVe;tudies on pater-
mi:h1age suggest that results are best 
if' mother and father are not too 
dispuirate ili age, but as a causal fac-
tro, father's age may play a role only 
ill some coingeni tal conditions, 

It is not surprising that the re-
lationship betwec.n risk and ma-

ternal age is not r~indol, consider-
ling that aging atiid reprodtction are
related bp .hal 

elt iogical processes. The em-
pirical data show that there is a re-

productive materil age of mini-
num risk; as age departs, either ol 
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the older or younger side, from the 
optimal age, or age of minimum 
risk, risk rises continuously. 

This is not to imply that it is 
dangerous for women outside the 
optimal age range to bear children. 
As observed in the introduction, 
levels of' alsolute risk vary tremen­
dously over space and time and 
across income classes, indicating 
that social, cultural, and economic 
factors largely determine the degree 
of' absolute risk regardless of' the 
mother's age. Ilowever, U- and J­
shaped age risk curves persist at all 
levels of' absolute risk, supporting 
the a priori proposition that biologi­
cal processes are the chief deter­
minants of' the age pattern of repro­

ductive risk. 
terik 
What, then, is the age of mini­
iu risk---of maternal mortality, 

infant mortality, and other risks in 
eproduction -and how rapidly does 

risk increase as age departs from the 
optimal, when risk is lowest? The 
answers to these questions, gener­
alized from findings of' major stud­
ies covering 20-30 countries, on the 
relationship of maternal age and 
pregnancy outcome, are summarized 
in Table 1. 'File table gives the math­
ematical expression of the relation­
ship (a parabola, which was found 
to yield a good fit to the observa­
tions ) in a form such that tile value 
of' c in the equation, 1?= a -- b (x 

- c)" is the age of' minimum risk 
and the value of' a is the index of' 
risk at age ' compared to an aver­
age risk of' 100 for reproduction in 
the age span shown as the index 
base. For example, for maternal 
mortality, a woman reproducing at 
tile age of' linimu m risk runs one­
fourth (24,.7 percent) the average 
risk for women aged 15-44 in coun­
tries where tile mnaternal mortality 

level is low, one-third (33.3 per­
cent) in countries of moderate mor­

tality level, alnd a little less than 
half (47.3 percent) in countries of' 

1
high maternal io'tality. 'able 
also shows (on1 the basis of the 

mathematical expression ) how much 
greater tile risk is at 5 years, 10 



TABLE 1 Curve of Index o; risk (R) by maternal age, and percent by which risk is excess over least risk at 5, 10, and 15 years 
from age of least risk, for specified risks 

Age span 
of index 

Risk base 

Maternal mortality 
Low level 15-44 
Moderate level 15-44 
High level 15-44 

Fetal rnortaity 
All birth orders 20-34 
Birth orierI 20-34 

2 20-34 

3 20-34 

4 20-34 


!tillhirttlW
 
All hirt order; 20-39
Birth cocilet 20-39 

25-39 
25-39 
25-39 

Pernatal mortality
 
All birth orders 20-34
Birtb orcder1 20-34 

2 20-39 
3 and 4 20-39 

Neonatal mortality 
All birth o:ders 20-34
Birth ormerI 20-39 

2 25-39 

3 25-39 

4 25-39 


Infant mortality 
All birth orders 20-34
Birth order1 20-34 

2 20-39 

3 25-39 

4 25-39 


( ) ata ou tl i ll(th 15-4!.1 age spanll 

Fitted to tli llediallt s of itt ob tilrstioi s 
that w.\'re lgt-SIpeU1iC ralleS f thfli, ariotis 

sltldie , vXpressd its inldex lluln1hers hast'd oil 

the k ill%% L'(I aviv of ilh(' rote, Ill the agePlg4 le 

spalII Shol\ 11 inl ftht takl)h,. T'I l. ,1. lool of tilt(. 

parabolal is ill ifF i t j hat tillt- I'rtl(ih Vallle 

years, and 15 years, )1hts or ninus,1 

from the age vhen the risk is mini-

real. 

The increase in tle optifal 

childbearing age as birth order goes 

Up is striking. Of COLurSU, this was to 

be expected because it has long heen 
Sine-e the parabola is sytttteutrical 

with respec t to its llinilttniitl point, eqttal 
age distances, plus or itiitts, froIitltt itgt 
of tiinit risk give equal excess risk, 
Of coutrse, distatnes from tite ttptinial age 
that fall ittside tht rl)rdtlCtive age spa i, 
herein defined as ages 15-14, itvnh. 110 
meaning. 

R a , b(x c): 

(Least squares parabola, 

x in single years of age,
 

origin at 0)' 

i a.'ii! of 

a b least risk) 

247 053 21.9 
333 046 216 
473 040 22.9 

805 0.40 21.9 
637 038 180 

77 7 053 228 
873 057 25.0 
920 0.48 260 

71 3 0.33 225 
(462) 0 15 (12.4) 

595 044 23.7 
724 045 263 
728 043 25.5 

898 041 25.2 
840 0.18 18.1 

755 058 269 

847 0.51 29.0 

968 026 27.7 
82 1 0.25 236 

870 0.44 291 
893 050 31,5 
935 036 33.3 

972 023 286 
960 035 26 1 

834 053 316 
839 065 335 
861 055 310 

4~ies tllw ag e of lli illlt lll l'isk ,il the ai valhle 

is ditt lndex of risk it aigi , aslutl tt tilt' a\ tl-
agc (simph', tllil ihlted) risk of' the( age spikl 

slhowl 100. 
"TFll j) 'ab01l is LtWSHiVIred al good fit to 1he1V 

olhsvrvatills itfite \-' o" [lit, data1 is less thaill 

%.%\ %%fil~l [rtvt'lh\ _ hieh, 3 dt-L~lcvus ofI ll) t ohl­

knolvii that too I'trItitiit, closely 

spaced reprodoctitiot is correlated 

with higher risk. What is new is the 

p)inpointing, from the best enpirical 

evidence, of' the age when risk is 

nimfinal, specific for risk and birth 

order. As can he seenl i Table 1, 10l 
etal nlort alitV, eX riskfar terlple, 

w'as fttollld to he lowest at inaternal 
hainai 

ge a ft 
birth, etll)lidtfed with age 26 atm)ong 

avi it fot Ihitt. Cot-

responding inftant ntt)rtality figures 

6 

Percent of excess 
risk at ages 

\ of 

5 
years 

10 
years 

t15 
y ?ars 

data" froin age of least risk, 

28 54 216 1 "486 
1.9 34 137 308 
10 21 85 191 

0.1 12 50 113 

4.4 15 59 133 
0.5 17 69 155 
1.0 16 65 147 
1.0 13 52 118 

0.3 12 47 105 

2.4 8 33 67 
2.0 18 73 165 
3.0 16 63 141 
121 15 60 134 

0.3 11 45 102 

2.1 5 21 24 
1.0 19 76 171
 
3.2 15 61 136 

0.5 7 26 59 

1.9 7 30 67 
0.6 13 50 113 
1.1 14 55 125 
1.2 9 38 85 

0.6 6 23 52 

1.5 9 36 81 
36 16 63 112 
69 19 77 174 
1 2 16 61 1414 

st-1rvaiiOns less 3 for flilt- pallilleelt ) ec(lU as 

8 
' (Uolnpulted F'roml tilt least squt -sl': parahol. 

4 hi\ol\-(,s 2 degrives of' Frelee oin (5 ob~sel'\a­

ilolls less 3 For flit- parlailleters4) f'or whichl 

.6 0. 

are 26.1 years as tile optimum age 

for first births T 341.0 years for fourth 

births. 

;Age 26 as the optitnun for minimizing 
itfant mortality alottng first births de­
serves sotille e:ltiillelt. It seenms high, but 
to expianattry clue is to be fontld in the 

a plausiblTte ihyplthmeritsbeingfUrtheratresearch, 

having their first child itt their twenties 
are it litter socioeototic circutfatces 
or are better equipped thant teenagers to 
protect the child in its later monthis of 
nlfoancSitlaicy against inereasingly itnportant en­

vironniental -- as opposed to tiological­
hazards. 



The data in Table I also show 
that when the mother is five years 
older or younger than the age cor-
responding to the lowest risk, the 
excess risk ranges, from 5 percent 
(perinatal mortalidv, birth order 1 
to 19 percent ( ) l"inatal mortality, 
birtlh order 2 im(d infant mortality, 
birth order :3). Aj: ten years away 
from the optinial ge, the excess risk 
ranges froln 21 e,,ercent to 77 per-
cent, \:rying by sliecific risk and 
birth order. Finally, reproceing 15 
years earlie.r or later than tile age 
of' least risk generally mote thin 
dotbiles the roininntm risk, whatever 
its particular al)sotltte levei. 

Tht age litterHI 0i1' Miaternal 

il'ortalitv was a1al'Zed b grouping 
t.'Otllltti(,s ill th 'e morlalitv levels: 
lo\, modeat,' aitd high." lor A[ll 
thre roltps. tIre age of mitir 
risk is aliot the saine. 2-2 or 23 
years tall lirtl otrdlet's coorfilted. 
Of' interest is the widelling of the 
age diffetetiials as the level off I1(1r-
tality is TO tenr'edUed'I'. illurstrate, 
years from the optinlal age, the Cx-
css risk is 85 percent for the high 
muortality countries, btt 21G petcent 
Ior tle low mortality coultries. The 
malor explanation prohlily is that, 
as niaternal mortality cones down, 
eonstitutional ratlier than obstetri-
call f'at('s Iecome itcreasiigly i r-
port:rt as a cause(tof'ileath. Other 
extlatiatiorts include the selectitng 
(iut of higher ord r hirths is a 'actor 
in the declirte ill titernial deaths 
'And tile Iossibilit' that at high mitr-
tality levels, oinly tltelthr'dy survive 
to relproduce later ill life. 

That certain conge? ital rnalt'or-

'Low mortality %wasdefined as under 
:15 deaths per 106,000 live birttis; mood-
erate as a rate betweei 35 and tOO; anI 
high as a rate over 100. Countries ii the 
low mortality group are Australia, Bel-
0iu1, Call'ida, Czeh't,-tovakia, Denmark, 
Frame, Ireland, Netherlands, New Zea­
land, Norway, Potand, Sweden, United 
Kingtdom, United Staes; in the moderate 
group, Auostria, Bulgaria, Ceylon, Germany,
Greece, Hutngary, Italy, Japan, Mauriti.is, 
Portugat, Puerro ttieo, Singaore, Spain, 
Switzerland, Vene,uela, Yugoslavia; and 
in the high group, Chile, Colombiia, Costa 
tiUea, D0lioniii RItetIott, E1 Salvador,Guateala, oMxic an nh, Elialdor,Gurateirata, Mexicou, Pairnia, ltiitppines;,Thailand, Trinidad and Tobago. 

rnations are positively associated 
with parental age has long been 
known. Except for chronmosonral de-
fects, however, the relationship is 
not usuallv stiatistically significant. 
Down', syldroll., also, known as 
mongolism, a genetic defect involv-
ilog the foinsix ) ht onmosine oum-
her 21, is definitely kno, 1n to in-
crease with matelal age,ZAnd Pen-
rose a leading investigaor of the 
subjeet, also imlplicated advaneinig 
paternal age iri(eliencert of Ina-
tertal age Down's sydr'ome was not 
irnclule(ld in Tabhle I hecaurse its rise 
with ma;ternal age is exponential 
rlrher that lparalbolie, so that the 
VOyllrger the age, tile lower the risk. 

'Thus, there is 11o sensifile age (if 
rriniuiti ii risk. (This aisO tlnS Otl* 
to lie the case fo' stillbirths of birth 

i order 1. ) 
Again, it is imiportant te stress 

that wid( age difft'eretials (10 not 
llecessariy rletman high alisolute 
levels 0f risk at a s of high relative 
risk. For example, among the stud-
ies cited, at ages -10 '1t1, rates of' 
ntalfornatiois of' all types found at 
birth range front 1.-I to 8.2 percent 
(or lt conglomeration ifvarious 
places aud birth orders, listed in 
Table 1lb, p. 41 ), and the incidence 
of Do\n's syndlrone among birtlts 
to wotren aged -1(0 -14 is generally 

less than I pereent. Clearly, in tile 
absence of a persorial history to the 
contraty, olde' wotnen run only a 
stoall risk of' producing a congeni-
tally malformed child, althoulgh 
their risk is mu.h higher thian that 
faced liy younir ger women, 

Studies relating parental age at 
birth with perforniance or physical 

condiinlillafter illfallcy are under-
standably limited in numer. A pri-

rltv irt the resea'ch he-
mary diffict 
sigrn Of' Sitch St tdies is to tccount for 
riousurvivirg children. Studies of' 

well-selected samples, with properly 

ri;.tched eit rl gr'otps, suggest that 
children who were horn of' difficult 
deliveries or wer'. of low birth weight 

or premature are more likely than 
t oiothers to show some handicap. Sincematernal age is related in U- and 
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J-shaped patterns to coinplication s of 
pregnancy and delivery, and teen­
age mothers have a much higher 
than average lrolportioln of' prenia­
ture and loV birth weight lhfies, 
age is ifpllilicited, if not etiologically, 
thell as an intermediate variable, in 
the risk of handicap. Ott the other 
hand, some evidence suggests that 
surviving children of oldj'r mothers 
may have higher than iverage in­
telligence. I lerte, howver, socioeco­
rionlic factors lay be olperating, 
since, controlled t'or birth order, tile 
O(lder thl(' rrother tile nore favorable 
tile parental hackg:round may be. In 
any ease, tilte evwidence is niixed and 
tie selctinlg out of (lead children 

from111(st child IlOrllatiori studies 
render's telntative the findings on re­
lationship litwe tt parental age and 
intellectual perfolinice. 

ri,fitest lires'riitiit lot' reduc­
ilg reliroductive niottalitV and 1110r­
bidity in tile world is to inllirove liv­
ing cOtllitions and access to compe­
tent medical care. Not only is this 
t tirne-consuuling process at best, 
hut it is ole over which the individ­
tial has little control. Ott the other 
hand, by voluntarily restricting the 
ages of childbearing and by spacing 
births, individual coilles can insure 
for themselves tire minimum risk 
prevalent in their societies during 

their childbearing years. 
A few calculations made along 

these lines indic:ite the orders of' 
magnitude by which mortality and 
morbidity could be reduced by re­
stricted rel)roduction. If'women had 
births only in the age interval 
20--34, maternal mortality would 
come down by 19 percent in Mex­

is:o, Thailand, Verieztela. and tile 
United States; by 23 percent in Co­
lonibia anI Frarce; ard by 25 per­

cent in the Philippines, Wright
( 1972) f'ound that if women in tile 

United States had their first child 

not iefore age 20 or after age 30, 
a second or third child only between 
ages 25 arid 34, and no further 

births, infant mortality would be re­

duced by 29 percent, llalevi (1967)
made the point that congenital mal­

http:Mauriti.is


formations, largely associated with 

late childbearing, have an impact 

not only on mortality, but also on 

health needs. Ile noted that in Israel 

in 1962, congenital malformation 

cases accounted for 195 per 10,000 
hospitalization (lays. A consideration 

of the demographic impact of' lim-

iting reproduction to maternal ages 

20-34 suggests that, for the short 

run at least, world population growth 

would decline from its present level 

of' 2 percent per year to about 1.2 

percent. Thc difference is that the 

population woul double in 58 years 

instead of 35. 

FIGURE 1 Maternal mortality: Index by maternal age, for selected countries, 1964-66 
(Index based on unweighted average rate 100) 

Index 

325 

Low mortality level I Moderate mortality level 

300 

275 
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-
50 

25 

0 I I J .1 . 
Under 20 20 21 25 29 3034 3539 4044 Under 20 20 24 2529 3034 3539 4044 

Maternal a(le 

Details of the studies are given 
in their respective sections, orga­

nized by risk, but Figures 1-7 depict 

graphically for each risk the range 

among the studies in age-specific 

index numbers, the median index, 

and the smooth curve. 

High mortality level 

I 1 1 _Ljfr 
Under 20 2024 2529 3034 35-39 40-44 

NOTE The balndrepresents the rantle, the dots th.,ediiin, and the line through the hand is the smooth pattern fitted to the median. Low 
mortality level ,shised on 14 countries with nedian usnwejibhtUl averale death rae of 40 per 100,000 livebirths. Moderate mortality level 

is based on 16 countries vitlh median urweiinlnted average death rite of 87 per 100,000 live births. High mortality level is base( on 11 

countries with miedian unweighted average death rate of 216 per 100,000 live births. 

souncE Table 2. 
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FIGURE 2 Fetal mortality: Index by maternal age, for selected birth orders, areas,
 
and years
 
(Index based on unweighted average rate of age groups in parentheses - 100)
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NOTE The band represents the range, the dots the median, and the line through the band is 
the smooth pattern fitted to the median. 

SOURCE Table 3. 



FIGURE 3 Stillbirth: Index by maternal age, for selected birth orders, areas, and years
(Index based on unweighted average rate of age groups in parentheses = 100) 
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NOTE: The band represents the range, the dots the median, and the line through the band is 
the smooth pattern fitted to the median. 

SOURCE: Table 4. 
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FIGURE 4 PerlnaI.al mortality: Index by maternal age, for selected birth orders, areas, and years
(Index based on urlAeiqhted average rate of age groups in parentheses- 100) 

Index 
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NOrr The hand represents the range, the dots the median, and the line through the band is the smooth pattern fitted to the median. 

souficE Table 5. 
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FIGURE 5 Infant mortality: Index by maternal age, for selected birth orders, areas,
 
and years
 
(Index based on unweighted average rate of age groups in parentheses = 100)
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NOTE. The band represents the range, the dots the median, and the line through the band is 
the smooth pattern fitted to the. median. 

SOURCE. Table 7. 
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FIGURE 6 Neonatal mortality: Index by maternal age, for selected birth orders, areas, FIGURE 7 Down's syndrome: Index 
and years by maternal age, for selected areas 
(Index based on unweighted average rate of age groups in parentheses - 100) and years 

(Index based onl unwcqiglted average rate 
Index of age groups 20-39 100) 
220 -_______ _____ 

Birth order 1 Birth order 2 Index 
(Age groups 20.39) (Age groups 25-39) (798) 
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 so5Cri3 Table I ta. 
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souiF- Table 8. 
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EFFECTS ON MOTHER 

Maternal Mortality 

Most causes of maternal mortality 
atnd morbidity are necessarily re­

lated to the changes a woman un­
tec epassagedergoes ding ,,tileCouseO'

niancy, delivery, and the puerp~eriumn 

in the older age greup, when vascu-
lar disease itself is more frequent. 

"rie causes of' hemorrhage are 
miscellaneus. Before delivery. it 

may result from placenta praevia, acondition characterized by a low 
situation of the )lacenta, obStructing 

of tile fettIS, or ftrorn so-
Ccalled lprrattrce separation of tile 

ntle IX~~diryrig~htthe petiod 

thority : 

alter childbirth.h ).normally situated placenta. After de-
livery, there nay be postpartum 

ater et'penrm 

hemorrhage from delayed or incom-
plete expulsion of tite placenta or 

Normal pregnancy is character- from failure of' tile uterus to colr-
ized by profound hemodynamic, tract firmly enoutgh, coditions prob-
metabolic, and honnonal changes ablyxtCore freqclent itt the older and 
and a substantial increase in more lparous woirati. Ili different 
body fluids. Whether preeclanp- cMtgories, but also imporant as
sia repr'esentcs air exaggeration ofcaeoishttaloiupranascarses of' henoorrhage, are abcrtion
changes normally incident to c 
prellalncy or depends ipoll some 
wholly new aberration is iloot. 
The causes of preeclarupsia, 
eclampsia, and essential hyper-
tension are unknown, despite 
decades of' intesive r'esearch, and 
theY relalill almOlg the most iira-
portant tunsolved problems in oh-
stetrics (Ilellma rn and Pritlchard, 
1971, p. 685). 

Major coilpl icatior is are gerer-
aliy divided itto two areas: ( I ) 
those that ar essentially obstetrical 
ill natuItV; and (2) those due to 
corstitctiottal illresses, which, al-
though p( haps exacerbated by the 
pregnancy, are in any case likely to 
l)r'odlce stress anrid hastern death. 
Obstetrical compiications are broadly 
classified in tillee large tgrn)tl)S: pre-
eclatnpsia and eclanpsia (toxemia ). 
hemorrhage, and sepsis or infection. 

It is still debatable whether the 
toxernias are a single entity or two 

and ectopic piregtnatIcy. 

Sepsis,. the third of the triad, re-
matls an imrnportant cause of' ia-
ternal mortality. The proximate 
c'a use is, of coirse, the introdUctioh 
of' pathogenic organisms, which are 
more likely rud(ler unsanitars r'-
roundings or with untrained or care-
less personnel. It is, however, pre-
disposed to by any cOril)ications 

that traumatize tissues. thI most 
importan' being prolonged adicf oh-
strutcted labor and damaging rnetl-
ods Of delivery. '[here is againt at spe-
cial gromup of' cases in which sepsis 
is associated with abortion. It is dif-
ficul tto relate age as a predisposing 
factor to the heterogerneocts causes 
of sepsis. 

The constitutional causes of corn-
plications in piregnancy consist of 
the total list of' illnesses to which a 
woman may be subject during the 
reproductive years of' life. With tile 

ot More related bitt tonidentical Ct1- excel)tiotn of tuberculosis and one 
tities. An urcomlplicated l)reeclanip-
sia may ap)ear suddenly late in 
pregnancy and disappear completely 
after delivery, a ty)e most conriotr 
in the l)rinligravida. li the other en-
tity, at preeclanipsia-l ike symplton-
complex, with an increased level of' 
blood p'esstt'e, albttinLtria, and 
edema, is superimposed on a pre-
existing hypertension. This type, as 

might be expected, is most crinlmon 

or two others, the majority of stIch 
complications are noi'e cfrequent in 
tile older age group. Of' these, the 
cardiovascular diseases are the most 
itliortant. As the specific complica-
tions of pregnancy are controlled 
through improved obstetricai care, 
the constitutional, nonobstetrical dis-
orders may emerge as the principal
causes of' maternal deaths. Under 

these circumstances, older women 
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are certainly at greater risk during 
pregnancy, although with good med­
ical care the absolute level of risk is 
considerably reduced.! 

In Figure 8, US 1967 rates illus­
trate the relation of age and mater­
ial mortality by cause of' death, 

among whites and nonwhites. For 
all age groups coti bined, the major 
triad --sepsis, toxemia, and henor­
rhage-'ccon ted for 46 )ercent of 
total deaths, with abortion providing
art additional 16 percent. (Ii the 

under 20 age groip, abortion ac­
counted for 2 1percent of all deaths. 
It may be worth noting that, except 
for ages under 20 for scpsis, the 
nonwhite rates exceed the white
rrwiertsexedtewie 
rates for all three conditions. With 
sepsis and hemorrhage, the difflren­

tial may be due to less or poorer care 
atnong nonwhites with toxemia, it 
is perhaps related to a higher 'Ire­
quency of' hypertension among non­
whites. 

Of the major triad of' causes of' 
death, the risk of' hemorrhage rises 
sharply with age the toxemias are 
a greater risk tinder age 20 than in 

the twenties, after' which decade the 
risk rises rapidly and the risk of' 
sepsis i; . shal)ed among whites. 
zig-zag but upward by age among 
nonwhites. For all causes combined, 
the increase of' death rates with age 
is clearly ident, at a very tiiform 

average I. . of 12 percent per year' 
among whites from their low point 
at ages 20-24 and 10 percent per 
year among nonwhites from their 
lowest level found in the under 20 
age group t ' (see Table 2 for age­
specific index nirrmrbers). 

Control of' hemorrhage and sep­
sis in Western countries in (le past 
generation has contributed to dra­
rnatic declines in maternal deaths at 
all ages. Indeed, the o'der of magni­
tlde of the decline can give the il­

11. C. Taylor, personaf nemorandum, 
n.d. 

"' Computed by fitting a linear least 
squares line to the logarithm of the US 

rates depicted in Figure 8. 



FIGURE 8 Maternal mortality: Rate per 100,000 live births by maternal age, for specified cause of death, by race,
 
United States, 1967
 
(Logarithrnmc scale)
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SOURCE US HEW, 1967d, Vol. 2, Part A. 

lusion that maternal mortality has live births is a decline of 94 percent 37.1 (US HEW, 1967d, Table 1-16; 
all but been conquered. In the United from the 1940 rate of 376, of 71 per- 1973b, p. 4).
 
States, for example, the 1972 rate cent from the 1950 rate of 83.3, and In the underdeveloped countries,
 
of 24 maternal deaths pee 100,000 of 35 percent from the 1960 rate of on the other hand, where home de­
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TABLE 2 Maternal mortality: Rate per 100,000 live births, and Index number by maternal age,
 
for selected areas, years, and birth orders
 
(Index based on unweighted average rate of age groups enclosed in rectangle 100)
 

Average rate Index number formaternal age group 

Area, ye irs, 
and birthorder 

1964-66-
Low mortality level 
(14 countries) 

Median 
Range (trimmed)' 

Moderate mortality level 
(16 countries) 

Median 
....:- ,I 


High mortality level
 
(11coLuntries)
 
Median 

rnne triiiimnli" 


United States. 1967 
White 

Other 


Latin American cities,
 
1962-64
 
Cali 

Caracas 

Lima 
Santiago 


New York State (except NYC), 
USA.1936-38 


Birth order
 
1 

2 

3 

4 and 5 

6 and 7 

8 and over 


Un- Under 20- 25- 30- 35- 40-
Weighted weightsd 20 24 29 34 39 44 

26 40 33 31 39 77 162 248 
13-34 22-53 24-55 20-40 27-55 60-95 136-215 192-274 

55 87 39 39 47 81 156 230 
38-96 52-150 19-53 23-58 26-79 61-99 127-184 169-319
 

156 216 62 42 55 89 134 201
 
105-219 135-316 48-96 34-59 49-64 84-101 120-157 155-236
 

20 37 40 29 40 83 130 278
 
69 118 35 41 47 96 162 219
 

138 223 .---- 30- - 51 .. 219-----..... 
52 71 -32- 93-----175 

135 194 -- 33- - -. . 195 -..72---

150 204 . 34 - . ... 

269 354 44 47 


282 598 28 36 

198 292 38 41 

185 229 - 24 
297 299 - 62 
379 340 - ­
551 500 - ­

"'Te data exclude abortion for %hich rates Czechoslovakia, Denmark, France, Ireland, 
were computed by deliating age-specific rates Netherlands, New Zealand, Norway, Poad, 
for all causes (World Ileath Organization, Sweden, United Kingdom, United States; in 
1969, Table 3) by the proportion of absolute the moderate group, Austria, Bulgaria, Ceylon, 
deaths due to abortion to absolite deatlis due Germany, Greece, Ilungary, Italy, Japan, 
to all causes (World IHealth Organization, Mauritius, Portugal, Puerto Rico, Singapore, 
1969, Table 2). Low mortality was defitied as Spain, Switzerland, Venezuela, Yugoslavia; 
under 35 dleaths per 100,000 live iirths; rod- and in the high group, Chile, Cotmnibia, Costa 
crate as a rate between 35 and 100; and hiighRtica,Dominican Republic,E.Salvador,Guate-

as a rate over 100. Countries in the lowvtmor-
tality group are Australia, Belgiuin, Canada, 

liveries attended by untrained mid-
wives are common, hemorrhage and 
sepsis still take a high toll. World-
wide differentials are thus sharp, 
exceeding a factor of 20, ranging 
from over 300 maternal deaths per 
100,000 live births at the upper ex-
tremet down to under 15 in Den-
mark and Sweden, for examl)le. 

Important as it is to reduce death 
rates everywhere to their biological 

Rates of* 700 deaths per 100,000 livebirths are not unknown in certain lo-
calities. 

truala, Nexico, Panama, Philippines, Thailand, 
Trinidad and "robago. 

minimum, our concern here is to in-
vestigate the differences and simi-
larities in the age pattern at various 
mortality levels. Maternal mortality 
statistics, by age, parity, or cause, 
are quite readily available for many 
countries (but rarely cross-classi-
lied), probably because the event is 
of' universal interest, highly visible, 
quite clear regarding immediate 
cause of' death, and, in Western so­
cietics, almost always noted by a 
medical attendant.12 

A listinglationthe Worl Health 
Organization (1969) of maternal 

71 .... 195 

66 93 141 211
 

45 95 160 292
 
69 107 124 107
 

102 90 108 195
 
53 75 172 324
 
99 71 130 231
 
96 85 119 126
 

IThe range shown excludes the extreme 
value at each end. 

sOUriRC:s:
 
19(.1-6: World Ilealth Organization, 1969,
 

Tables 2, 3. 
United States: US IIE\V, 19157d. 
Latin America: Puffer and Gri lini, 1967, p. 

172.
 
New York State: Yerushainy, Palmer, and
 

Kramer, 1910. 

death rates, by age, in 38 countries 
during 1964- 1966 provides suitable 
data for an age pattern analysis at 
various mortality levels. The coun­
tries were subdivided into three mor­
tality groups of almost equal size by 
defining low mortality as under 35 
deaths (excluding abortion) per 
100,000 live births, moderate as a 

'This is not to say that data are of 
universally high ouality. The birth data 
necessary for denominators in the calcu­

of maternal mortality rates are

ofteby aity developingoftin of poor qualit 

areas. 
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rate between 35 and 100, and high FIGURE 9 Maternal mortality: Index by maternal age, for selected birth orders,
New York State (excluding NYC), 1936-38 as a rate inexcess of 100. (The lat-
 (Index based on unweighted average rate 100) (Logarithmic scale) 

ter category consisted mainly of
 
Latin American countries, the other Index
 

700 
two, mainly Western. ) 

600 

In accordance with the technique 500 - Birth 
adopted for the analysis, age-specific
 
rates per country were converted 400 ­

into index numbers (based on the 300 ­
unweighted average equals 100). Birth orders
 
At each mortality level-high, me- /
 
dium, and low --the chain of'median 200 - 2 4 and 5
 

index num1ber 'sper age class of thecountries in the group is hypothe- 6 and 7l o
 
sized to represent the age pattern of 100 
 -
maternal mortality. These medians to0 8and over 

and the tipper and lower bounds of so
 
the range to which thev relate are 70 /
 

giv\en and depicted in Table 2 and 60
 

Figure I.1 The .- shaped pattern is 50/ 

abundantly cleat', the stem rising 40 
steeply (exponentially ).The similar- 30 II 
ity in age patterns amn(ng COLntries Under 20 2024 2529 3034 35-39 4044 Under 20 2024 2529 30-34 35-39 40-44 
is indicated by the narrow range (at Maternal age 
most ages) within each mortality 
grolup and )\vthe shape of tile 's u Yerushalm, Palmer, and Kramer, 1940, pp. 11951220. 
among the three mortality groups. 

At all three levels, rates tend to 
be higher before age 20 than in the 
early twenties, after which age the their early twenties where maternal by other potentially important fac­
rate shoots 01), more sharply the mortality is low and three times tors, birth order, for example, are not 
lower the mortality level. That is, greater, where mortality is high. readily available, perhaps because 
as the mortality level declines, the Within a country, a cross-sec- few women now die from the corn­
age differentials become more pro- tional examination of maternal mor- plications of pregnancy and delivery 
nounced. The major explanation for tality by race in the United States in countries with good vital statis­
this differential decline by age is in 1967 reveals a shocking disparity tics. If the age pattern is relatively 
probably that, as rates come down, between whites and other races, by independent of level, however, re­
constitutional rather than obstetri- a factor of three or four, age for age. cericy of data is not important. 
cal causes of' pregnancy complica- This is a major social problem, but lence, the study, which controlled 
tions become increasingly important. as far as the age pattern is con- for birth order, based on all births 
Other explanations may lie in the cerned, as can be seen in Table 2, in New York State (outside New 
selecting out of' higher order births both groups show the typical pattern York City) in 1936-1938 is rele­
as a factor in the death rate decline of' increasing rates with advancing vant (Yerushalny, Palmer, and 
and in the possibility that at high age. Kramer, 1940). As can be seen in 
mortality levels, poor risks are The same pattern emerges in the Figure 9, maternal mortality rises 
weeded out earlier in their reproduc- urban survey of maternal deaths in with age for each birth order, and 
tive careers, leaving a hardier co- four Latin American cities in 1962- strikingly so for birth order 1. It is 
hort to reproduce later in life. What- 1964. Although the overall rate in to be noted that with increasing birth 
ever the reasons, the data suggest Caracas was about one-third the order, the age group with the lowest 
that older women face a risk six level in Cali, Lima, and Santiago, maternal mortality shifts to a higher 
times greater than that of women in all four exhibited similar age pat- age group [from thL. under 20 age 

terns, the typical J-shaped curve group't for orders I and 2 to the 
(see Table 2).

The figure also shows the smooth Current data c In 1936-1938, the incidence of ille­
curve (parabola, the equation of which is crossclassifying gitimacy, with its high adverse effects,
given in Table I ) fided to the medians. age-specific maternal mortality rates was considerably lower than today. 
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20-24 age group for order 3, the 
25-29 age group for orders 4 and 5 
(combined), and the 30-34 age 
group for the higher orders], at-
testing to the importance of ade-
quate spacing between births. From 
the lowest rate for each birth 
order, the increase with increasing 
age is steel), and yet we have reason 
to believe from the previous discus-
sion that, since 1936-1938, the age 
differentials in maternal mortality 
have widened, not narrowed. From 
this it can be inferred that the 
change in pattern of maternal mor-
tality rates by age, with birth order 
constant, between 1936- 1938 and 
the present was in the direction of' 
an even more startling age differen-
tial than is depicted in Figure 9. 

A calculation made for several 
countries by applying their 1964-
1966 age-specific mortality rates'' , 

to the dist'iHbtion of' births by ma-
ternal age"! showed that if' births 
occurred to women only in the age 
interval 20-34, maternal mortality 
would be reduced by 19 percent in 
Mexico, Thailand, Venezuela, and 
the United States; 23 percent in Co-
loibia and France; and 25 percent 
in the Philippines. This is not to say 
that the absolute savings of' lives 
would be large or that the absolute 
risk of' dying from childbirth in the 
early or late childbearing years is 
high. With access to competent red-
ical care, under modern medicinc, 
the probability of' surviving is good 
at all ages, especially in the devel-
oped countries, but it is best in the 
age span around 20-34. 

Maternal Complications 

Incontrast to the wealth of material 
on maternal mortality, few large-
scale studies are available on mater-
nal complications by age. The most 
comprehensive, perhaps, is the medi-
cally supervised US Obstetrical Sta-

"Given in the World Health Organiza-
tion report (1969) on which the index 
numbers in Table 2 are based, 

'Based on United Nations, 1971,
Table 14. 

tistical Cooperative study, in which 
cooperating hospitals in major estab-
lishments throughout the United 
States reported on almost half a 
million pregnancies and deliveries 
handled during 1960-1969. The 
complication rates,'7 standardized 
within each age and parity cate-
gory for color, education of the 
woman, and private versus ward 
service (as an economic measure), 
are presented in Figure 10, parts 
A-E, each part representing a differ-
ent complication, 

Complications. of course, are 
produced by the same factors that, 
in dire outcome, lead to death. Based 
on the US compilation, the increase 
in the proportion of women with 
coinplications as age increases is 
particularly striking for toxemia 
(Figure 1OA ) and, for parities 0 and 
l , for both pregnancy complications 
excltding toxemia and anemia (Fig-
utre IOC ),and delivery complications 
(Figute 10D). For toxemia, rates 
among older women are two to three 
times greater than among younger 
women, depending upon parity, with 
a range in absolute level of' 3.1 per-
cent for women aged 20-24, parity 
2, to 13.5 percent for women aged 
40-44, parity 3, and 14 percent for 
women aged 35-39, parity 0.1 
Anemia (Figure 10B) is more a haz-
ard for younger mothers, teenagers 
particularly-a finding perhaps of 
even greater significance in develop-
ing than developed countries. Older 
women, regardless of parity, are sub-
ject to higher risk of complications 
at delivery (Figure 10D). The rela-
tion of age to risk of complications 
during the puerperium is rather flat 
except for the increase with age at 
para 0 (Figure 10E). 

A special tabulation was prepared for 

the Population Council from the records 
maintained at the Downstate Medical 
Center,Brooklyn, New York.

" If these rates semin high in an abso. 
lute sense, it must be realized that these 
maternities were medically attended in 
sonic of the most sophisticated hospitals
in the world, where any complication was 
likely to be recognized and recorded in 
the study. 
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Placenta previa rates from the 
obstetrical cooperative also showed 
a marked increase with maternal 
age, from 1.9 to 7.0 per 100 births 
among primiparous women in age 
groups 15-24 and 35 or more, re­
spectively, and for multiparous 
women of the same two age groups, 
from 2.7 to 10.4, respectively. Ac­
cording to Hellman, "Women over 
the age of 35 are about three and a 
half times more likely to have pla­
centa previa than those under 25, 
regardless of parity" (Hellman and 
Pritchard, 1971, pp. 611-612). 

Data on the incidence of pre­
eclampsia (elevated diastolic blood 
pressure) by maternal age are avail­
able from a remarkable study based 
on all births in Great Britain during 
the week of 3-9 March 1958. The 
original study was concerned with 
perinatal mortality, but the wealth 
of' information produced in this in­
vestigation of' a total population of 
births warranted analysis of other 
factors. Accordingly, a second report 
(Butler and Alberman, 1969) fol­
lowed the first (Butler and Bonham, 
1963). The second report found that 
"the incidence of preeclampsia of all 
degrees of severity increased with 
age despite the exclusion of moth.ers 
hnown to have had hypertension in 
the first half of pregnancy" (Butler 
and Alberman, 1969, p. 38, italics 
added by author). As shown in Fig­
ure 11, 28 percent of multiparous 
women aged 35 and over developed 
some degree of' preeclampsia com­
pared wit 17 percent of women 
under age 25. 

A comprehensive study of corn­
plications to the older primigravida 
was reported on by Kane (1967), 
based on 36,452 first-time pregnant 
women of age 25 or more, a sample 
culled from the over 700,000 births 
in US hospitals followed over several 
years. Except for anemia, complica­
tions of all types mentioned invari­
ably showed a marked increase in 
incidence with increasing age. For 

example, abnormal fetal presenta­
tion was 18 percent among women 

aged 25-29, but 31 percent among 



FIGURE 1, Complications of pregnancy or delivery: Rate per 100 women by maternal age, for selected parities and complications, 
Unite:d Gates, 1961-69 
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FIGURE 10 Complications of pregnancy or delivery: Rate per 100 women by maternal age, for selected parities and complications, 
United States, 1961-69 (continued) 
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FIGURE 10 Complications of pregnancy or delivery: Rate per 100 women by maternal age, for selected parities and complications,
United States, 1961-69 (contirned) 
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NOT[ The rates have been standardized for age, race, and private and ward service. The influence of these factors is therefore eliminated front the age and 
parity differentials. 

sutecL[ Unpublished tabulation of data from over 460,000 pregnancies and deliveries in US hospitals participating in the Obstetrical Statistical Cooperative. 

FIGURE 11 Percent of women giving birth with preeclampsia during pregnancy wotnen aged 40-44. Postpartum
by maternal age and parity, Great Britain, 3-9 March 1958 hemorrhage due to uterine inertia 

Percent rose from 2.7 percent to 6.2 percent 
60 for the same two age groups. Since 

Primiparas Multiparas these were presumably first preg­
50 nancies, not first live births, a his­

tory of difficult pregnancies did not 
40 - account for the increase in compli­

cations with age. No differentials 
30 - were found by socioeconomic status, 

based crudely on a four-celled classi­
20 - fication by race (white or other) and 

private or ward service. 
.0 -/ -- Some data are available from de­

77- 7 veloping countries but they must be 

L 2534 viewed with caution, first because of 
Under 25 25-34 35 and over Under 25 25.34 35 and over international differences in diag-

Maternal age Maternal age nosing, and more important, per­
3,540' 2,305" 232" 2,264' 6,318" 1,882" haps, because recorded medically at­

tended cases are not likely to be 
Mild [ Moderate Severe representative of' pregnant women 

in general in developing countries, 
NOTE Preeclampsia was defioed as follows: Two studies of adequate sample size 
Degree Maximum diastolic blood pressure to warrant citation are Perkin 
Severe 110 millimeters or more or 90 or more with proteinuria (1969 ) and Llewellyn-jones (1965). 
Moderate 100 109 millimeters ant no record of proteinuria 
Mild 90-99 millimeters and no record of the proteinuria Perkin (1969), Studying 18,000 

"Total number giving birth in each age and parity category, excluding those witfh known hypertension deliveries at Women's Hospital in
 
in first half of pregnancy. Bangkok, Thailand, in 1964, found
 

SOURCE Butler and Alberman, 1969, Table 3.3. the expected J-shaped gradient by
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age in comnplicated deliveries, from 

13.3 percent among women aged 
15-19, dropping to 11.2 percent at 

ages 20-2-t, and increasing to 23.4 
and 21.3 percent among women 
aged 40-44 and 45 and over, re-
spectively (1p. 60 ). 

Llewellyn-jones ( 1965) relOrted 
on 10,000 deliveries at the General 
lospital in Kuala Lunpotr, Malaysia. 

during the five-year period 1958-
1962. An interesting feature of' this 
study is that tie hospital had two 
sections in the obstetrics gynecology 
department: one for high, the other 
for low, social class. For both socio-
eccnomic groljS, toxemia of' preg-
nancy and prolotiged labor ( detfiecdl 
as efective contractions fot'r nore 
thanl 2-1 hours) increased markedly 
with increasi4ig maternal age. 

Net tra ( 1973 ) repo'ted on 220 
eclamt)tic patients in Cali. Colomtbia,
in a well-designed study using a 

random sample off 3-15 parturients 
froim the geieral population as a 
control group. 'Ibis latter study 

found that :among women uinder age 

20, priniparas had 6,84t times the 
eclampsia risk of those aged 25-29 
and multiparas had 3.99 times the 

risk; multiparas over age 35 had 
1.75 times the risk of' those aged 
25-29. (Primiparas over 35 were 

too few for a statistically significant 
finding.) 

Because of the few studies avail-
able and the diversity ofimaternal 
conditions reviewed, a generalized 
median age gradient is not feasible, 
lowever, the implication of' all the 

age evidence for the would-be 
mother is cleat'. 1ler chances of' a suc- 
cessf'ul, uncomplicated pregnancy 
are best if' she is younger rather than 
older but not so young that she her-
sell' has yet to matutre. On the other 
hand, it cannot be stressed too often 

that, if' other factors are favorable, 
age alone should not deter a woman 
who wants a child f'rom bearing one. 

Female Mortality 
An unusual statistic is an index of 
mortality, by number of children 

ever born, among ever-married, 
white women in the United States 
who died between May and August 

1960 (Kitagawa and Ilauser, 1971 ). 
It was compiled in a Un iversitv of 

Chicago study based on matched 
death and census records. Although 
this statistic is unrelated to materiial 
age at childbirth, it is indirectly rele-
vant to this review. The I-shaped 

gradient by numer of' children ever 
born among wornen aged -15-G4 at 
death sug9gests that childbearing 
in ay' he associated With subsequent 
felmalc mortality. Standardized for 
age and education, the indlex, based 
ott the av'erage for all white, ever-
mariried women etuals 100, was 107 
for woine n with no childt'en, 10- for 
wome with one child, and 9-1, 89, 
96, 105, and 113 for women with 

two, three, four, five or :ix, and 
seven )lus children, respectively. 

EFFECTS ON FETUS 
AND CHILD 
Fetal Loss 

During its growth and development, 
the fetus is subject to the vagaries 
of' its intrauterine environment as 
well as to its intrinsic genetic en-

dowment. Defective implantation 
(too deep or too shallow) of the fer-
tilized ovum into the placenta, chro-
mosom al errors, and, to a lesser ex-
tent, maternal infections that attack 
the fetus are the major factors that 
account for fetal loss (Reid, -1yan, 
and Benirschke, 1972). 

Liberalization of' abortion laws 
and sophisticated medical tech-
niques For early detection of' some 
types of defective fetuses are height-
ening interest in the question of' 
fetal loss. Pursuit of this subject 
with improved statistical and niedi-
cal procedures (to some extent la-
cilitated by earlier prenatal care ) 

has shown that the incidence of 
spontaneous abortion is considerably 
greater than had once been thought, 

As gestation progresses, the 
chance of fetal loss diminishes (ex-

cept, perhaps, for an increase in the 
very early weeks of pregnancy). 
Larly fetal loss, including tile point 
in time when the rate is probably at 
a m aXiitim, is difficult to detect be­

cause the woman is likely to think 
that her next menstrual period was 
merely delayed, not that she had an 
aborted pregnancy. By extrapolating 
backward from empirical observa­

tions of loss aniong recognized preg­
nancies of' reliable gestation age, it 
is possible to estim ate the proportion 
ofcuticeptuses that fail to eventuate 
into live births. Oi this basis, human 
pregnMncy wastage is thought to be 
of the order of 50 percent of' all fer­
tilized ova (lKerr, 1971, p. 236). 
,1amCs's analysis suggests that 35 
percent of' fertilized ova are lost be­
fore the first missed period and an­

other 1- percent lost between the 
first missed )eriod and delivery
(1970. 245). In their well-known 

follow-up study of' pregnancies on 
the island of' Kauai, Ilawaii, in 
1953-1956, French and Bierman 
calculated on a life-table basis that 

24 percent of' pregnancies reaching 
four weeks of' age terminate in fetal 
loss, 

As gestation progresses, the in­
fluence of biological and genetic fac­
tors diminishes while that of envi­

ronmental factors increases. Exam­
ination of' conceptuses aborted early 
in pregnancy indicates that losses 
are due mainly to genetically defec­
ti'e sperii or ova and to errors in 
fertilization and early cleavage di­
visions (Kerr, 1971 ). In later preg­
nancy, maternal and exogenous fac­
tors become dominant, with loss at­
tributable to such reasons as poor 
maternal nutrition and bodily build, 
ill incompatibility of mother and 

fetus, tran:lnission to tile fetus of 
communicable disease contracted by 
the mother, and abnormal position 
at delivery. 

In countries where most deliver­

ies occur in hospitals, vital records 
are kept of' fetal deaths, usually 
limited, for obvious reasons, to ges­
tation of' 20 or more weeks. Absolute 
rates are, therefore, influenced by 

22 



the proportion of' cases of fetal loss FIGURE 12 Fetal mortality: Rate per 1,000 pregnancies in a New York City prepaid 
that go unrecorded and by the prob- health plan, 1958-60 

lems of estimating gestation age, To Rate 

ilhlstrate tile effect of' more complete 150 V 
recording, efforts ill New York City Birth order 1 Birth orders 2 and 3 Birth orders 4 and over 

to improve fetal death registration 140
 

resulted in an increase in the num­
ber of recorded fetal deaths of all 130
 
gestational ages per thousand preg­
nancies from 69.3 in 1950 to 121.8
 

120 ­
in I9(i0 (Shapiro, Lev'ine, and 

Abranowicz, 1970 ). Comparison of 110­
rates amnig different populations,
 
eveli for tile sallt' gestation duration, 100 ­
are thetefore hazardols. )ut on the
 
asstum)tion that the problems of data 90 ­
collection affect all age gro;uls within
 
a population ablout eqfiually ill direc- 80
 
tion alld nagnitlde, the age patterns
 
of fetal loss ar, not significantly af- 70 ­
fected by incoinplete recordiig.
 

Both for the maternal age pat- 60 /
 
tern and Validity of' the absolute i /
 
rates at different gestation ages, ai 50 / /
 
outstanding study oil fetal wastage
 
was conducted by the I lealth Insur- 40
 

ance Plan iniNew York City, a pe- ."
 
)aid, comprehensive medical care 30 / ­

plan (Shapiro and Abraniowicz, / .
 
1969 ). The underlying basis for the 20 .
 
validity of the rates, besides technical
 
competence, is the fact that since the t0 I I I
 
medical care had been paid for in ad- 20.29 30.34 35 and 2029 30-34 35 acid 20-29 
 30-34 35 and 
,'alice, it is reasonable to suppose that over over over 

the women sought prenatal medical Maternal age 

care as soon as they thought they Gestation under 12 weeks 
were pregnant. The sample corn- Gestation 12-19 weeks 

prised 12,000 wonen whose last men- Gestation 20 weeks and over .... 

strual period had occurred between souice Shapiro and Abramowicz, 1969, p. 1633. 
1 March 1958 and 29 February 1960.
 

The findings, presented in Fig­
ire 12, show a clear association be­

tween maternal age and fetal deaths 
(per thousand pregnancies ) of' spec- orders 4 or more, the age differential the fact that the data relate to differ­
fied birth order and gestation dura- is very flat). ent population groups, different time 
tion. The chance of survival in- The studies for a generalized age periods, and different gestation ages. 
proves with duration of gestation, pattern, mostly government vital Nevertheless, the similarity in the 
suggesting that nature selects out its data, are listed in Table 3 with the age patterns is evident, typically J 
own, presumably genetic, mistakes. rates by age given as an index based shaped. This can be seen in Figure 2, 
The point of interest here, however. for each study oil the unweighted where the band represents the range 
is that, for any given gestation pe- av'erage of' age groups 20-34 equals in index numbers per age group, the 
tiod or birth order, the f'etus of a 100. The absolute average rates points surrounding the smooth curve 
younger woman has a much better (weighted or unweighted ) vary the medians, and the smooth curve 
chance of survival than that of the widely by a factor of more than 4, the parabola fitted to the medians. 
older woman (except that, at gesta- which is to be expected, considering To generalize from the studies 
tion period 12-19 weeks for birth the problems of data collection and listed, fetal loss is lowest at maternal 
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TABLE 3 Fetal mortality: Rate per 1,000 deliveries, and index number by maternal age, 
for selected birth orders, areas, and years 
(Index based on unweighted average rate of age groups enclosed inrectangle - 100) 

Average rate index number for maternal age group 

Birth order, area. 
and years Weighted 

Un-
weighted 

Under 
20 

20-
24 

25-
29 

30-
34 

35-
39 

40­
44 

All birthorder,-. 
Denmark. 1951-53 18.3 16 101 86 98 116 176 200 
Hawaii. USA. 1953 

Gestation 
Under 20 weeks 57.3 59 86 79 94 127 154 211 
20 or more weeks 25.9 23 161 93 110 97 136 362 

United States, 1960-61 
While 13.9 13 88 80 95 125 176 258 
Other 26.2 26 82 77 94 129 178 241 

United States, 1967 
Legitinate 

White 12.4 12 94 82 90 128 188 288 
Other 233 23 76 74 92 133 202 274 

Illegitimate 
White 19.7 27 57 70 91 139 173 178 
Other 25.7 31 71 74 86 140 178 212 

Pennsylvania, USA, 
1960-64 19.1 18 98 82 94 124 170 250 
North Caroiia. USA, 1969 
White 13.1 13 106 84 85 131 177 214 
Other 24.6 26 72 82 90 128 156 315 

New York City. USA, 1958-60, 
Health Insurance Plan 

Gestation 
20 or more weeks 20.9 19 - 89 88 123 -----­ 167­
12-19 weeks 51.2 47 78 83 96 121 -----­ 144-- -
Under 12 weeks 78.6 65 90 76 103 121 ---- 206 ... 

Median 23.3 23 87 82 94 127 176 254 
Range (trimmed) 13-57 13-59 71-106 74-89 86-103 116-139 144-202 211-315 

Birth order 1 
Denmark, 1951-53 20.9 25 71 70 91 139 227 252 
Hawaii. USA. 1953 14.9 20 71 64 86 150 235 344 
United States, 1960-61 

White 13.8 18 66 64 89 147 228 307 
Other 26.5 38 55 65 84 150 230 252 

New York City, USA, 1958-60, 
Health Insurance Plan 

Gestation 
20 or more weeks 21.2 21 -­ 87.... . 113 ---- -286 
1'.-19 weeks 38.9 40 -­ 86 ------ 113 ----­ 206----
Under 12 weeks 52.8 57 - 71----- 129 --------269----.. 

Median 21.2 25 68 70 88 139 230 279 
Range 14-53 18-57 55-71 64-87 84-91 113-150 206-286 252-344 

Birth order 2 
Denmark, 1951-53 13.4 13 80 80 95 125 199 355 
Hawaii, USA, 1953 10.8 11 110 81 90 129 190 250 
United States, 1960-61 
White 10.1 11 95 80 94 126 182 281 
Other 19.0 21 86 77 92 131 185 298 

Median 12.1 12 90 80 93 128 188 290 
Range 10-19 11-21 80-110 77-81 90-95 125-131 182-199 250-355 

Birth order 3 
Denmark, 1951-53 15.8 13 155 76 103 121 185 246 

Hawaii, USA, 1953 13.1 12 135 93 93 114 165 270 
United Statcs, 1960-61 
White 12.1 11 111 89 93 118 173 266 
Other 20.5 22 103 76 96 128 194 254 

Median 14.4 13 123 83 94 120 179 260 
Range 12-21 11-22 103-155 76-93 93-103 114-128 165-194 246-270 

(continued) 
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TABLE 3 Fetal mortality: Rate per 1,000 deliveries, and index number by maternal 
fur selected birth orders, areas, and years (contiied) 

(index based on unvveighted average rate ot age groups enclosed in rectangle - 100) 

age, 

Average rate Index number for maternal age group 

Birth order, area. 
and years Wcighted 

Un-
weighted 

Under 
20 

20-
24 

25-
29 

30-
34 

35-
39 

40­
44 

Birth order 4 

Denmark, 1951-53 19.2 
Hawaii, USA, 1953 15.9 
United States, 1960-61 

Wnie 	 14.7 
Other 	 23.3 


Median 175 

Range 15-23 


NO I E: Gestation period of 20 weeks or more 
unless otherwise specified. 

-The range shown excludes the extreme 
salue it eath end. 

SOSR,fS:

lDenmark: LUS IHEW, 1967c, p, 131. 

age 18 for first order births, rising to 
age 26 for fourth order births (see 
Table 1,p. 6). At five years, plus 
or minus, from the age of miniroum 
ris:, the exce, ,; risk is 13-17 per-
cent, dependin on birth order; ten 
years earlier or later, excess risk 
exceeds 50 per('ent, an 15 years 
from the optimal age, excess risk is 
more than 100 percent. ,tithought 
only a few studies cross-classify ma-
ternal age by birth order for fetal 
loss, the generalized age pattern 
seems warranted since those studies 
listed in Table 3 are large-scale, 

The conclusions of some of the 
investigators of' fetal loss are worth 
noting. In connectimo with their ret-
rospective survey in 1953 of all 
women under age 50 in Kauai 
Island, Hawaii (N = 6,039 with 
27,528 previous liVe l)irths and fetal 
deaths), Yerushalmny et al. staced 
"The fact that late fetal deaths [ges-
tation 20 or more weeks] are affected 
by the agF of mother mtuch -s early 
fetal deatls [under 20 weeks gesta-
tion] are affected by this factor 
points to possible Lio!gical influ-
ences of aging on repreductive wast-
ige" 19-56, p. 88). Helen Chase 
noted in her unpublished report 
based on single, white births in New 
York State (excluding New York 
City) in i9-50-1952, "with rega;'d to 
fetal mortality, advancing mother's 

15 - 82 101 117 167 284 
15 157 97 91 112 148 218 

13 131 95 95 110 153 221 
23 125 85 94 121 169 '17
 

15 131 90 94 114 160 220
 
13-23 125-157 82-97 91-101 110-121 148-169 217-284
 

Itawaii: Yerushalrmy et al.,1956, p. 88. 
United States, 1960-61: US 11EW, 1966a, 

p.79. 
United States, 1967: US HEW, 1967d, Table 

3.3 (34 reporting states). 

age is indicated to be more impor-
tant than declining socio-economic 
level [based on father's occupation]. 
From age 25 on, the trend is deft-
nitely upward, and the pitch of' the 
trend increases with advancing ma-
ternal age" (1962, pp. 33,47). 

Stillbirths or Late Fetal Death3 

Stillbirths are fetal deaths of late or 
mature gestation, generally defined 
as 28 weeks or more, at which time 
a fetus is considered old enough for 
a live birth. The factors that cause 
early fetal death continue to operate 
throughout pregnancy, but stillbirths 
are caused mainly by failure to make 
the many necessary physiologic ad-
justments of birth. The stillbirth con-
cept implies death before birth, but 
just as it is difficult to pinpoint pre-
cisely when a person has died, so it 
is lifficult to pinpoint precisely when 
a birth has occurred. Because it is 
thus often a matter of definition or 
chance whether an infant dies just 
before or shordy after delivery 
(Baird et al., 1954), the stillbirth 
concept has beei, giving way in re-
cent years to the perinatal mortality 
measure. The latter includes, in ad-
dition to stillbirths, live-born babies 
who die shortly (often defined as 
seven days) after birth. 

The landmark study of stillbirths 

Pennsylvania: Department of' Health, 1967, 
p. 	3. 

North Carolina: State Board of ilealth, 1969, 
p. 16. 

New York City: Shapiro and Atrainowicz, 
1969, p. 1633. 

is the British analysis of stillbirths 
among single, legitimate births that 
occurred in 1949-1950, noteworthy 
because it provided socioeconomic 
controls available from the wartime 
national register still in effect for the 
period covered. The other studies 
listed in Table 4, ott which the gen­
eralizecl age gradient is based, are 
the US birth cohorts for 1931-1935 
(Yerushahnm, 1939), New York 
State births in 1936 (Yerushalmy, 
1938 ), Scottish rates for several time 
periods, and national data for Can­
ada, Denmark, and Norway Re-
Course to primary vital statistics 
sources could enlarge this list, but 
the studies cited are considered suffi­
ciently comprehensive to warrant 
generalization of the age pattern. 

The J-shaped relationship be­
tween maternal age and stillbirth 
rates is evident in Figure 3, which 
depicts the range, median, and 
smooth curve fitted to the age-spe­
cific median index numbers of the 
studies listed in Table 4. Again at­
tention is called to the narrow range, 
suggesting a more or less invariant 
age pattern at all absolute levels of 
risk. Except for birth order 1,risk is 
minimal when mother's age is in the 
twenties. The excess risk is 8 to 18 
percent (depending on birth order) 
at five years from the age of mini­
mum risk, 33 to 73 percent at ten 
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TABLE 4 Stillbirth:Rate per 1,000 deliveries, and index number by maternal age, for selected birth orders, areas, and years 
(Index based on unweighied average rate of age groups enclosed in rectangle - 100) 

Average rate Index number for maternal age group 

Birth order, area. Un- Under 20- 25- 30- 35- 40­
and years Weighted weighted 20 24 29 34 39 44 

Allbirthorders 
Cdiid,l, 1963 12.0 13 76 69 80 99 152 234 
Deimark. 1951-53 18.3 20 84 73 82 98 147 218 
England and Wales, 1949-50 21.4 22 78 73 81 104 142 210 

Socioeconomic class 
1(high) 
2 

15.9 
19.4 

15 
19 

-
95 

79 
75 

90 
81 

112 
108 

119 
136 

219 
207 

3 
,1 
5 (low) 

21.0 
22.9 
25.5 

22 
24 
26 

77 
71 
67 

73 
64 
69 

81 
84 
79 

102 
109 
107 

144 
143 
145 

204 
225 
195 

New York State 
(except NYC),
USA, 1936 27.6 29 84 67 85 105 143 235 
Norway

1936-40 
1946-50 
1956-60 

22.1 
17.1 
13.9 

21 
16 
14 

73 
76 
74 

64 
72 
74 

84 
85 
85 

111 
104 
104 

141 
139 
137 

198 
185 
202 

Scotland 
t939 
1950 
1960 

42 
27 
22 

43 
28 
22 

69 
84 

103 

71 
71 
79 

81 
84 
79 

105 
97 

105 

143 
148 
137 

169 
213 
216 

1961-63- 19.5 21 83 77 81 104 138 204 
Unilted States, 1931-35 35.7 35 109 86 85 99 130 171 

Median 21 22 78 73 82 104 142 207
Range (trimmned)" 14-36 14-35 69-103 64-79 79-85 98-111 130-148 171-234
 

B i r t h o rd e r 1 
Denmark 1951-53 20.9 32 55 53 69 106 172 192 
England and Wales, 1949-50 23.4 31 57 57 77 112 154 180
 

Socioeconomic class 
1 (high) 20.4 25 - 52 73 115 160 ­
3 23.1 31 57 57 76 113 154 180 
5 (low) 27.1 39 48 57 74 118 151 142
 

Norway

1936-40 25.7 32 48 48 
 71 112 169 225
 
1946-50 21.6 27 48 
 48 73 112 167 195
 
1956-60 15.5 20 
 53 63 76 118 143 175
 

Scotland 1961-63" 20.3 24 72 
 74 85 110 131 91
 
New York State 
(except NYC),
USA, 1936 30.3 39 64 61 87 123 129 252 

Median 22 31 55 57 75 112 154 180
Range (trimmed)' 20-27 24-39 48-64 48-63 71-85 110-118 131-169 142-225
 

Birth order 2 
De:rnark, 1951-53 13.4 18 58 57 68 89 143 243 
England and Wales, 1949-50 15.3 18 76 65 75 95 130 213
 

Socioeconomic class 
1 (high) 10.7 10 - - 90 101 109 ­
3 15.2 18 66 65 76 92 132 200

5 (low) 17.6 22 - 60 72 92 136 228 

Scotland, 1961-63; 14.1 17 78 70 73 98 129 229
 
New York State 
(except NYC), 
USA,1936 19.0 27 73 54 67 87 146 84
 

Median 
 15 18 73 62 73 92 132 220
 
Range 11-19 10-27 58-78 
 54-65 67-90 87-101 109-146 84-243
 

(continued) 

years, and 67 to 165 percent at 15 for social class, found an exponential ture considered paternal as well as 
years from the age of minimum risk increase in stillbirths with respect to maternal ages. Yerushalmy's anal­
(see Table 1, p. 6). mother's age (Baird and I-ytten, 

Another study, that of Scottish 1958).19 ' These were not included in Table 4 
because the published report provided onlybirths during 1950-1959 controlled Two studies found in the litera- the graph, not the figures. 
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TABLE 4 Stillbirth: Rate per 1,000 deliveries, and Index number by maternal age, for selected birth orders, areas,

and years (contfm/ed)
 
(Index based on unweighted average rate of age groups enclosed in rectangle - 100)
 

Average rate 	 Index number for maternal age group 

Birt" order, area. 
and rears 	 Weighted 

Birth order 3
 
Denmark, 1951-53 15.8 

England and Wales 1949-50 188 


Socioeconomic class
 
1 (high) 14,7 

3 18.9 
5 (low) 22.7 

Scotland, 1961-63" 17.5 
New York State
 
(except NYC),

USA, 1936 22.4 


Median 19 

Range 16-22" 


Birth order 4
 
Denmark 1951-53 19.2 

England and Wales, 1940-50 25.0 


Socioeconomic class
 
2 (high) 24.1 

3 24.5 
-1 27.7 
5 low) 25.3 

Scotliand, 1961-634 22.7 
New York State
 
(except NYC).
 
USA, 1936 267 


Median 25 

Range (trimmed)' 23-27 


Figures are for legitimate births only. 
"The range shown excludes the extreme 

value at each end. 
SOtn('LS: 
Canada; Dominion Bureau of Staitistics, 

1966, p. 258, 

ysis of stillbirths among the 1931-
1935 birth cohorts in the US regis-
tration area yielded U shapes by 
father's age with mother's age held 
constant and J shapes by mother's 
age with father's age constant, lead-
ing him to conclude that "the ages 
of the two parents are, therefore, 
shown to be independently corre-
lated with the stillbirth rate" (1939, 
p. 	349). 

The second was a study of cause 
of stillbirths in Arizona during 
1958-1961, using live births dur-
ing 1960 as a control. Cause of death 
was limited to those ascribable to 
fetal, that is, nonmaternal origin. 
Based on a covariance analysis of 
742 stillbirths, Woolf concluded, 
"The results demonstrate clearly that 
an association exists between still-
births in certain coded groups (un-

Un- Under 20- 25- 30- 35- 40­
weighted 20 24 29 34 39 44 

18 114 55 76 89 135 181 
20 - 67 78 92 130 189 

13 - - 84 108 108 309 
20 - 72 74 88 138 182 
26 - 65 75 95 130 185 
19 32 72 85 96 119 194 

24 132 61 76 103 121 290 

20 114 66 76 95 130 189 
18-241' 32-132 61-72 75-84", 89-1031" 119-135", 182-2901" 

19 - 66 79 91 130 223 
23 - 78 78 101 121 203 

21 - - 56 113 131 196 
23 - 75 83 99 118 202 
26 
26 

-
-

75 
77 

70 
74 

105 
94 

125 
132 

230 
189 

23 - 76 84 95 121 199 

28 - 56 72 100 128 254 

23 
21-26 

-
-

75 
66-77 

76 
70-83 

100 
94-105 

126 
121-131 

202 
196-230 

Denmark: US HEW, 1967c, p. 13. 
England and Wales: Heady and Heasman, 

1959, Table 5a. 
New York State: Yerushalmy, 1938, p. 263. 

specified and ill-defined) and in-
creased maternal and paternal age. 
However, any biologic or sociologic 
interpretation . . . is obscured by the 
etiologic heterogeneity .... Of in-
terest is the observation that in-
creased paternal age is of etiologic 
importance for stillbirths coded as 
ill-defined cause of death" (1965, 
p. 	7). 

To conclude this section, two 
noted investigations attributed the 
higher stillbirth rate directly to 
greater age and not to some other 
factor. Yerushalmy, in his study of' 
82,000 legitimatc births in New 
York State in 1936, stated that 
"birth order has very little effect on 
the stillbirth rates and almost the 
entire variation is due to the age of 
mother" (1938, p. 263). Tabah and 
Sutter (1948) also concluded that 

Norway: US HEW, 1967b. p. 15.
 
Scotland: US HEWN', 1966b, pp. 8, 24.
 
United States: Yerushalny, 1939, p. 348.
 

age of mother, not birth order, was 
the significant factor from their con­
sideration of stillbirth rates in 
France in 1943. By single year of 
maternal age, they found J-shaped 
rates which were minimal at age 23 
and which rose more than three-fold 
by age 45. 

Perinatal Mortality 

Perinatal mortality relates to the 
death of a child around the time of 
its birth. As already mentioned, it is 
a single measure of two compo­
nents: (1) babies of mature gesta­
tion age, usually at least 28 weeks, 
who show no sign of life after sepa­
ration from the mother (commonly 
called stillbirths); and (2) live-born 
babies who die shortly after birth, 
usually within seven days. The 
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former component overlaps with quired" (Baird et al., 1954, pp. 447, number of deaths in the three-month 

fetal deaths. already discussed, while 448). period divided by 13 times the num­

the latter (also known as early neo- The most analytic statistical ber of births in the control week, 

natal deaths) overlaps with neonatal study on tile subject is the British based on the reasonable supposition 

(first month and inf.nt mortality. Perinatal Mortality Survey based on that the population of births in thle 

The perinatal measure is useful be- 7117 deaths among single, legiti- three-month period was the same as 

cause it overcomes the problem of mate births in Great Britain in the (luring the control week. 
As previously mentioned, two re­distinguishing between a live and a three-month period March-Ma, 


stillbirth. 1958. To get denominators for the ports emanated from this survey,
 

A wealth of information exists calculation of rates, by maternal age Butler andlBonham ( 1963 ) and 

on perinatal mortality, partly he- per parity per social class ( measured Butler and Alberman (1969). Fig­

cause it is easier to comlpile than by husband's occupation ), these ire 13, prepared from the first re­

measures of fetal or child mortality characteristics were recorded on all port, shows that social class affects 

since death occurs around the time single, legitimate births that oc- the level of the rate (which is about 

of birth, and partly because tie de- curred during a control week 3-9 twice as high in the lowest corn" ed 

cline in perinatal mortality in the March 1958, a total of 16,9941. The with the highest class, even vhen 
modern era. although riot incon- rates were then computed as the controlled for parity) but not the age 

sequential. hasInot kept pace with 
tle decline in IImaternal and later 

FIGURE 13 Perinatal mortality: Index by maternal age, parity, and social class, 
thoi first week infant mortality. To for single, legitimate births, Great Britain, 1958 

the ]ll:4 dy-lwex 100)a large extent. illtie decline --se'iorn ('1l aqccs partles hnId C!aS;eCS (Loclarittvnic scale) 

can be attributed to the fact that 
I.-d(e X 

perinatal mortality. like fetal nor- e300
 

tality. is heavily weighted with bio- Classes 1and 2(high) Class 3
 

logical mistakes not very antenable
 
to sociological and medical control. 200 -


To illustrate, an analysis of the sUb- I , /
 

cause of periNata; mortality among ­

the infants of 26,116 patients who
 
100
had single deliveries at the Aberdeen 90 -_ 

Maternity I lospital. Scotland, in the 80 -
I5-year period 1938-1952, found 70 /
 

that in a death rate of 38.6 per thou- 60 ­
sand deliveries, 20 percent of the 50 ­

deaths were due to pretnaturity,
 
cause unknown: another 14 percent 40
 
were of mature infants, also cause 300
 

unknown in(] 16 percent were at- Class 4 Class 5flow),,
 

tributable to fetal deformity (Baird "
 

et al., 195-1, p). 136). The medical 200
 
details, cause of death by parity per /
/ / 
maternal age group, are too specific / /
 

for this review, but with regard to
 
ag~e, the auIsthors concluded that - ,,-. 


.... 90 -..the. ageing process, especially t9 
in pritnipat'ae, is associated with a 80 

decline in reproductive efficiency, 70 t 

and this causes a tendency for the 60 
obstetric (perinatal ) death rate to 50 

rise with age ....The lowest possible I I
obstetric death rate cannot be 40 I I I I 
2024 25-29 30.34 3539 4044 2024 25.29 30.34 35-39 4044 

achieved by good obstetric care alone. Maternal age
For this, :ahigher level of healhh_____

Para 0 - Para 1 - Paras 2 and 3 - Paras 4 and over .... 
among mothers and reproduction at
 
more favorable ages would be re- SOURCE Butler and Bonham, 1963, pp. 28,30.
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pattern. Within each social class and 
parity group, the increase with 
mother's age is unmistakable. In 
social class 3, for example, women 
in their thirties encountered about 

75 percent greater perinatal nor-
tality at p.,rity 0 than women in their 
twenties. At parity 1, the correspond-
ing excess was about 50 percent, 
and at parities 2 and 3, about 25 

percent. The increase with maternal 
age for the composite parities 4 and 
over is also evident, although dis-
aggregation of' the parities could 
yield more of' a U shape or a reverse 
J shape because higher risk is usu-
ally associated with short birth in-
tervals. 

The 13tIer! and Albermian report 
1969 ) provided data on the mater-

nal ag.e gradient of peinatal ruor-
tality by cause, parity, and social 
class. Cause was dichotomized into 
"obstetrical" and "environmental," 

the latter not in the sense of' being 
tunrelated to the biologic but in the 
sense of' being unrelated to the de-
livery. For obstetrical causes, rates 
by age tended to be j shaped, but 
they were somewhat mixed for en-
vironmental causes. Prematurity was 
U shaped for all parities and social 
classes; malformations decreased 
with age for parity 0 but increased 
for other parities. That risk was also 
U or , shaped with respect to age 
for the professional class is mean 
ingful because among them presum-
ably, with sociological factors opti-
mal, biological influences are least 
diluted, 

Another point of interest in the 
Butler and Alberman report (1969) 
was the differential in rates between 
smoking and nonsmoking mothers, 
by two maternal age groups, social 
class, and parity. The findings 
showed a differential in favor of the 
nonsmoking mother, but the point of' 
interest is that the mortality risk 
was greater for the nonsmoking 
mother aged 35 or over than for the 
smoking mother under age 35 of the 
same parity. 

Because of its uniqueness, the 
British study has been presented in 

some detail, but several additional 
studies of large scope are available 
for a generalized age pattern. These 
are the Aberdeen data already men-
tioned; a study by Fischler, Peritz, 

and Wingerd ( 1971) of NYC births, 
by race, in 1957-1959; vital data 
for two US states, New York for four 
time periods and North Carolina for 
1969; Scottish national data, 1961--

1962, by social class; data on births 
in Vancouver, Canada, 1963-1967: 
and finally, to include an under-
developed area, a prospective study 
in a Ilyderabad, India, maternity 
hospital of 3,792 deliveries in 1 12-
month period 1969-1970 (Karan 
et al., 1972). Although the unchar-
acteristically low rates of the latter 
study make them suspect, we are 
assuming that the age pattern is not 
Unduly affected. 

The I-shaped relationship be-
twcen maternal age and perinatal 

death rates is evident in Figure 4 
showing the age-specific index num-
hers of the studies listed in Table 5. 
Again, the generally narrow range 
at most ages is noteworthy, consider-
ing the wide differential in the abso-
lute level of' risk among the various 
studies and social classes. Based on 
the smooth curves fitted to the me-
dian index numbers of' the studies, 
risk is minimal at age 18 for birth 
order 1, at age 27 for birth order 2, 
and at age 29 for birth orders 3 and 
-4. For birth order 1, excess risk rises 
slowly with departure from age 18 
when risk is minimal, being only 24 
percent greater at age 33, 15 years 
later. Birth orders 2, 3, and 4, how-
ever, show substantial increases in 
risk as the childbearing age departs 
from the optimum, as is shown in 
Table I (1. 6). 

Some important studies not in-
eluded in the data f'or the general-
ized picture because of differences 
in category or emphasis also de­
serve mention. A major study is the 
ongoing US National Institute of 
Ilealth project on cerebral palsy. 
From this study, on the basis of 
22,201 unselected gravidas of a sin-
gle fetus each, Israel and Deutsch-

berger (1964) found higher perinatal 
mortality rates, by race, among off­
spring of women over age 30 than 
among offspring of younger women, 
particularly for nulliparous mothers. 
Donnelly et al., reporting on 22,126 
uniVersity hospital white births in 
North Carolina, United States, over 
a period of time starting in 1954, 
with data available by father's occu­
pation, mother's education, legiti­
macy, and hospital financial classi­
fication, stated, "Tile mothcr's age 
was found to ie a highly significant 
factor in perinatal mortality even 
when adjusted for race, age, and 
parity (and subjected to covariant 
analysis )" ( 1957, p. '253). 

Two other studies in India are 
noteworthy. In one, based on 6,101 
single live births among two social 
classes in a Gujarati community, 
the investigator concluded, "There 
is a significant difference in the 
mean maternal age of survivors 
(lived more than 7 lays after birth) 
and non-survivors (born dead or 
died within 7 clays), the non-survi­
vors having fmothers of] a higher 
mean maternal age. It would seem 
that maternal age represents an in­
dependent influence on survivorship 
... [the other factors being birth 
weight and sex of child]" (Jayant, 
1964, pp. 265, 266). The other, a 
study of 125 pregnant women at­
tending the clinics in Indore, showed 
3 perinatal deaths among 11 births 
to women under age 20 and 4 deaths 
out of 12 births among women aged 
30-34 compared with 4 deaths in 
67 births to women in their twenties 
(Mittal and Ketker, 1970). Although 
of small sample size and uncertain 
sampling quality, these studies are 
consistent with the generalized find­
ings of sophisticated surveys. 
Infant Mortality 

Infant mortality, long accepted as a 
sensitive barometer of a country's 
progress in controlling disease and 
warding off death, has always com­
manded great interest. A few coun­
tries, such as Denmark and Sweden, 
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TABLE 5 Perlnatal mortality: Rate per 1,000 deliveries, and Index number by maternal age, 
for selected birth orders, areas, and years 
(Index based on unweighted average rate of age orups enclosed in rectangle ..100) 

Average rate Index number for maternal age group 

Birth order, area. Un- Under 20- 25- 30- 35- 40­
and years Weighted weighted 20 24 29 34 39 44 

All birth orders 
Aberdeen, Scotland, 1938-52 38.6 37 94 89 97 114 -- 179 ------
England and Wales, 1958 38.2 36 115 93 92 115 146 218 

Socioeconomic class 
I and 2 (high) 29 23 119 119 102 79 193 208 
3 37 35 107 92 90 118 144 221
 
4 41 39 108 86 103 111 127 226
 
5 (low) 49 45 122 90 97 113 156 228
 

India. 1969-70 8.1 8 113 94 91 115 131 -

New York City, USA, 1957-59 
White 32.9 32 - 92 95 113 149 
Black 60,5 60 - 86 96 118 137 

New York State 
(except NYC), USA 

No previous child loss 
1936 - 38 123 91 92 117 154 224 
1951 - 27 148 102 92 106 143 231 
1958-59 - 24 164 100 95 105 139 191 
1965-66 - 23 173 102 94 104 135 181 

North Carolina, USA, 1969 
White 27.6 25 145 97 90 113 152 222 
Other 46.6 46 97 90 96 114 143 254 

Scotland, 1961--62 34.4 32 114 92 94 114 156 190 
Socioeconomic class 

I and 2 (high) 25.1 23 149 97 92 111 110 198 
3 33.9 32 114 92 95 113 177 192
 
4and 5 (low) 40.1 38 96 88 93 119 147 189
 

Vancouver, British Columbia,
 
Canada, 1963-67 23.1 23 93 105 90 105 149 134
 

Median 36 32 114 92 94 113 146 213 
Range (trimmed)" 23-49 23-46 94-164 86-105 90-102 104-118 127-179 181-231 

Birth order 1 
Aberdeen,Scotland, 1938-52 42.5 49 70 70 96 134 -- -183.. . 

England and Wales, 1958 41 42 97 89 91 120 152 190 
Socioeconomic class 
1and 2 (high) 32 33 90 96 93 111 106 140 
3 38 41 88 86 83 131 169 187 
4 46 52 77 70 118 112 174 174 
5(low) 50 48 115 101 107 92 63 251 

Malaysia, 1958-62 
Low status 21.4 30 71 65 72 163 -­ 153 

New York City, 1957-59 
White 27.5 29 - 82 94 124 188 -

Black 54.4 60 - 81 86 133 197 -
Scotland, 1961-62 35.8 38 95 83 93 124 149 122 

Socioeconomic class 
1 and 2 (high) 26.0 27 128 86 92 122 94 -
3 36.3 39 93 82 95 123 176 -

4 and 5 (low) 40.6 47 75 75 94 131 135 -
Vancouver, British Columbia, 
Canada, 1963-67 23.6 26 75 84 90 126 184 183 

Median 37 40 89 82 93 124 161 183
 
Range (trimmed)" 24-50 27-52 71-115 70-96 83-107 111-134 94-188 140-190
 

(continued) 

with present levels of under 15 number of demographic factors to rates. "It may be concluded, there­

deaths per thousand live births, may assess their possible statistical ef- fore, that differences in the maternal 

be close to the irreducible biological fects. She found that, adjusted for age and birth order distributions ac­

minimum, maternal age and birth order, the count for part but not all of the dif-

In her comparison of the US US neonatal (first month) mortality ference . . ." (US HIEW, 1967a, p. 

rates of infant mortality and its com- rate was 36 percent above that of 59). Pursuing this same line of in­

ponexits with those of six West Euro- the Netherlands compared with a 47 quiry, Wright (1972) recently found 

pean countries, Chase examined a percent excess in the unadjusted that if women had their first child 
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TABLE 5 Perinatal mortality: Rate per 1,000 deliveries, and index number by maternal age, 
for selected birth orders, areas, and years (Continued) 
(Index based on unweighted average rate of age grotLm enclosed in rectangle 100) 

Average rate Index number for maternal age group 

Birth order, area, Un- Under 20- 25- 30- 35- 40­
and years Weighted weighted 20 24 29 34 39 44 

Birth order 2
 
England and Wales, 1958 28 31 123 84 76 94 146 221 

Socioeconomic class 
1 and 2 (high) 24 29 - 74 60 86 180 226 
3 27 30 120 82 78 95 145 180 
.1 31 33 139 88 71 124 117 418 
5 (low) 37 37 118 90 101 93 116 307 

New York City 1957-59
 
Wnile 27.3 30 -- 92 82 102 124 -

Blak 48.5 57 - 81 76 97 146 -


Scotland 1961-62 26.1 27 126 92 87 104 117 180
 
Socioeconomic class
 

1 and 2 (high) 21.5 23 183 94 87 88 131 166
 
3 24.6 25 129 92 94 109 105 241 
-1 trid 5 (low) 32.1 37 96 78 75 114 133 109 

Medirin 27 30 124 88 78 97 131 221 
Range (tritnrned)" 24-37 25-37 118-139 78-92 71-94 88-114 116-146 166-307 

Birth orders 3 and 4
 
England ,and Wles, 1958" 40 38 387 80 94 108 118 197
 

Socioeconon': class
 
1arld 2 (high) 33 30 - 57 85 115 143 159
 
3 39 36 186 81 95 110 114 214
 
,l 40 38 118 93 105 103 99 157
 
5 (low) 45 48 - 67 77 96 160 187 

New York City. 1957-59,
 
Whilte 33.2 35 - 111 85 91 113 -

Black 56.4 62 - 85 81 110 124 -


New York City. 1957-59'1
 
While 40.2 41 - 113 95 94 98 -

Black 62.4 64 - 93 92 105 110 -


Scotland, 1961-62" 30.8 31 147 92 92 92 124 177
 
Socioeconomic class
 

I and 2 (nigh) 21.6 18 - 97 101 122 80 301
 
3 31.1 32 173 93 91 92 124 164
 
4 and 5 (low) 35.0 36 113 78 91 92 139 176 

Scotland, 1961-62'1 37.7 37 - 91 91 96 122 158
 
Socioeconomic class
 

1 and 2 (high) 30.4 32 - 136 76 95 93 156
 
3 36.9 35 - 77 99 96 128 195 
4 and 5(low) 41.3 43 - 91 81 97 131 112 

Median 38 36 160 91 91 96 122 176 
Range (trinrnedy" 30-56 30-62 118-186 67-113 77-101 92-115 93-143 156-214 

.The range shown excludes the extreme England and Vales: Butler and Bonham, Scotland: US IEW, 1966b, p. 30.
 
value at each end. 1963, pp. 3, 29. Malaysia: Llewellyn-jones, 1965.
 

Hlirtb orders 3 and ,4 comlined. India: Karan et al., 1972, p. 101. New York State: Schlesinger, Mazumdar, 
Ifirth order 3. New York City: Fischler, Peritz, and Win- and Logrillo, 1972, unpublished data corre­
lirth order 4I. gerd, 1971, p. 106. sponding to Figure 3, p. 261. 

SOt'Mt:s: North Carolina: State Board of Health, 1969, Vancouver, llritish Columbia, Canada: 
Aberdeen: Baird et al., 195,4, p. 433. p. 16 Tysoe, 1971. 

not before age 20 or after age 30, show a striking difference between births in the optimal age and birth 
and a second or third child only be- the United States and four low in- order categories. On the other hand, 
tween ages 25 and 34, and no fur- fant mortality countries in the pro- in the United States, where over half 
ther births, US infant mortality portion of births within and outside the births in 1968 were outside the 
would be reduced by 29 percent. low birth orders confined to ages 20- optimal age and birth order cate-

The positive correlation between 34. gories, reduction in infant mortal­
low infant mortality and a preponder- The inference from these data is ity from the 1968 level may involve 
ance of births in young age and low that despite its low level, infant mor- more restricted and better timing 
birth order categories is also sug- tality in Japan should be still lower, of births, as well as improvement 
gested by the data in Table 6, which considering the concentration of in medical care. 
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TABLE 6 Percent of total live births, and infant mortality per 1,000 live births, 
by maternal age and birth order, for selected countries and years-British 

Maternal age United States Denmark Sweden Netherlands Japan 
and birth order 1968 1966 1966 1968 1967 

.... 
Percent of total live births 

Ages 20-29, 
orders 1 arid 2 

Ages 30-34, 
42.9 51.0 58,1 55,3 68.6 

orders 2 and 3 4.6 7.9 114 10.8 14.8 
Ages 20-34, 

orders 1,2, and 3 47.5 58.9 695 66.1 83.4 
Balance of ages 

and orders 52.5 41.1 30.5 33.9 16.6 

Infant mortality per 1,000 live births 

All ages and orders 218 

sOURc:: 
United Nations, 19701, Table 17; 1971, 

Table 1; 

In the United States, infant mor-
tality declined substantially until 
about 1950, largely as a result of pre-
vention and cure of infectious dis-
eases. Between 1950 and 1965, how-
ever, the rate seemed to stagnate, 
declining by all average of only I 
percent per year, from a level of 
29.2 deaths per thousand live births 
in 1950 to 24.7 in 1965. Since this 
was a period of' great economic ex-
pansion and prosperity, failure of' 
the rate to drop more sharply, espe-
cially when rates were falling faster 
and to lower levels in some West 
European countries, provoked wide-
spread criticism that medical ma-
ternity care was inadequate in the 
United States, particularly among 
its low-income population. Recently, 
infant mortality has again been fall-
ing rapidly, by an annual average 
rate of 4 percent to a level of 18.5 
deaths per thousand live births in 
1972 (US IIEW, 1973b, p. 3). It 
has yet to be determined to what 
extent improved obstetrical services 
and other factors such as liberalized 
grounds for induced abortion and a 
changing age and birth order mix 
are responsible for the new decline, 
but there seems no question that 
better obstetrical care provides only 
a partial explanation. 

In spite of the wealth of infor-
mation on infant mortality and its 
components, relatively few studies 
provide rates by maternal age and 
birth order for the good reason that to 

169 126 13.6 149 

do so involves tile laborious process 
of matching death with birth cer-
tificates. Nevertheless, several birth 
cohort populations have been so 
analyzed. For control by socioeco-
nomic status, in additian to the 
classic analysis of' single, legitimate 
births inl England and Wales in 
1949-1950 ( already discussed under 
stillbirths), a recent publication 
gives US infant mortality rates by 
race, income, and mother's and 
father's education, derived from : 
national probability sample of 10,39., 
legitimate births and 2,160 deaths 
of legitimate infants in the three-
year period 1964-1966. The socio-
economic characteristics were ob-
tained from a mail questionnaire 
usually completed by the mother 
(US IEW, 1972c). The New York 
City study listed in Table 7 also pro-
vides some measure of socioeco-
nomic control since the rates are 
available by race. This study inves-
tigated 7,308 infant deaths among 
299,136 live births during 1966-
1967. Rates f'or the Indian popula-
tion of Arizona, obtained from a 
primary source, can also be con-
sidered controlled for socioeconomic 
status because of tle homogeneity 
of' the population, 

The Israel data shown in Fable 7 
were based on a longitudinal study 
ot' all births in Jerusalem during 
1964-1966 (Legg et al., 1969). 
Computer linkages of birth and 
death certificates provided the data 
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for the 305,091 children born in 
Colmbia. Canada, during 

calendar years 1952-1960 (New­

combe, 1965 ). The Taiwan rates are 
from the prospective Vital Deno­

graphic Survey sponsored jointly by 
the Taiwan Provincial Committee 

oil Family Planning and tile Aca­

demia Sinica in which 40,000 house­
holds totaling over 200,000 persons 
were visited eight times each over 
the period May 1966-February 1969 

(Sulli'an, 1972). 

Three other sets of' rates corn­
plete the data il Table 7 on which 
the generalized maternal age pat­
tern of infant mortality is based: 
Danish rates for 1954-1955; rates 
for the US 1960 birth cohort, by 
race; and, giving representation to 
an underdeveloped countrv, rates ob­
taimed in a continuing prospective 
study conducted by the Cholera Re­
search Laboratory in Matlas Thana, 
Bangladesh (Stoeckel and Chowd­
hury, 1972). The latter, considered 
an unusually reliable study of' births 
and deaths, covered a population of 
117,000 in 132 villages between 
May 1968 and April 1969. 

As can be seen in Figure 5 and 
Fable 7, on the basis of' tile above 
studies, infant mortality rates are 
typically .1 shaped with respect to 
maternal age. For all birth orders 
combined, the rate of' risk among 
infants of teenage mothers is 28 per­
cent above the average for offspring 
of mothers aged 20-34. Mothers in 
their twenties run the lowest risk of' 
losing their children in infancy; the 
rate of risk rises to 20 and 38 per­
cent above the 20-34 age base for 
mothers in their late thirties and 
forties, respectively. 

Disaggregated by birth order, the 
pattern shifts in the expected direc­
tion, from J to reverse J. Also, as 
birth order increases, the minimum 
risk shifts to a higher age group, 
f'rom 26.1 years f'or birth order I to 
31.6 years for birth order 2, 33.5 
years for birth order 3, and 34.0 
years f'or birth order 4 (see Table 1, 
p. 6). it' age 26 seems high for 
minimizing the risk of infant mor­



TABLE 7 Infant mortality: Rate per 1,000 live births. and Index number by maternal age, 
for selected birth orders, areas, and years 
(Index based on unweighted average rate of age groups enclosed in rectangle 100) 

Average rate Index number for maternal age group 

Birth order, area, 
and years Weighted 

Un-
wuighted 

Under 
20 

20-
24 

25-
29 

30-
34 

35-
39 

40­
44 

All birthorders 
ArizonA USA, 1967 

IfO:Iiiia1pplAtioi 35.5 32 49 83 82 135 160 259 
Bangludesh 1968-69 123.8 114 121 97 100 103 122 105 
British Columbia. Canad-t,
1952-60 22.4 21 135 107 93 100 103 133 
Denmoark. 1954-55 25.7 24 99 104 94 102 --­ 132 --

Birth weliHl 2.500 grams
and over 
Birth weight under 
2500 graINs 

(14.5) 

(215.2) 

(15) 

(213) 

(65) 

(92) 

(96) 

(97) 

(94) 

(107) 

(110) 

(96) 

.--­

----­

149---

(118)--­

-

Eni(jland and Wales, 19,19-50 
So:ioecononic class 

1 0high) 
2 

16.9 
19.9 

16 
18 

-
128 

10i 
102 

101 
95 

98 
103 

138 
137 

163 
173 

3 
4 
5 (low) 

26.2 
31.7 
36.0 

25 
30 
34 

143 
141 
122 

106 
105 
111 

96 
97 
97 

98 
98 
92 

110 
109 
111 

149 
139 
128 

Israel. 1964-66 20.2 19 149 94 98 108 140 149 
New York City, USA. 1966-67 

White 
Puerto Rican 
Other 

16.0 
23.9 
34.0 

15 
24 
32 

156 
103 
124 

94 
101 
107 

93 
97 
90 

113 
102 
103 

132 
100 
102 

138 
79 
91 

Taiwan. 1966-69 40.4 40 102 90 90 120 155 169 
United Stales, 1960 

White 
Other 

222 
41.2 

21 
39 

134 
128 

102 
104 

96 
97 

102 
99 

108 
106 

134 
116 

Unid States. 1964-C6 
White. by income (US$) 

o,,!,r '00 
(20.8) 
27.3 

(20) 
30 

(127) 
83 

(96) 
91 

(96) 
80 

(108) 
129 

--.--
. 

(126) 
147---­

--­

3000-4.999 
5000-6,999 

22.1 
17.8 

21 
17 

101 
127 

107 
85 

105 
111 

88 
104 .. 

-- 147­
120--­

7 000-9,999 
10(000 and over 

Black hv ircome (US$) 
Under 3,000 
3.000-4.999 

19.2 
19.4 
39.5 
42.5 
46.8 

19 
18 
36 
38 

-

-
-
153 
148 

82 
95 
95 
91 
-

95 
93 
116 
124 
-

123 
112 
89 
85 
-

---­

-
-

127­
111 
105­

-

-

5.000-6999 22.0 ....... 
7000-9.999 37.6 ....... 
10,000 and over - - - - - -

Median 
Range (trmrned),l 

26 
17-47 

24 
16-40 

128 
83-153 

101 
83-107 

96 
82-116 

102 
88-129 

120 
102-155 

138 
91-173 

Birth order 1 
British Columbia, Canada,
1952-60 19.8 19 131 94 89 117 153 
England and Wales, 1949-50 
Socioeconomic class 
1 (high) 
2 

17.3 
19.5 

16 
18 

-
112 

99 
91 

98 
94 

103 
115 

144 
170 

-
201 

3 
4 

24.8 
28.4 

24 
28 

14t 
142 

96 
94 

92 
95 

112 
11 

132 
131 

185 
142 

5 (low) 34.1 31 122 105 96 99 195 208 
Israel, 1964-66 18.2 21 127 78 76 146 124 -
New York City, USA,1966-67 

While 
Puerto Rican 

13.9 
20.5 

14 
22 

143 
88 

85 
100 

98 
99 

117 
101 

193 
-

239 
-

Other 31.0 32 102 88 80 132 147 -
United States, 1960 
White 
Other 

19.1 
36.4 

18 
34 

127 
115 

88 
87 

90 
89 

122 
124 

140 
140 

179 
114 

Median 
Range (trimmed') 

20 
17-34 

22 
16-32 

127 
102-143 

92 
85-100 

94 
80-98 

116 
101-132 

144 
131-193 

185 
142-208 

(continued) 
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TABLE 7 Infant mortality: Rate per 1,000 live births, and Index number by maternal age, 
for selected birth orders, areas, and years (continued) 
(Index based on unweighted average rate of age groups enclosed in rectangle = 100) 

Average rate Index number tormaternal age group 

Birth order, area, 
and years Weighted 

Un-
weighted 

Under 
20 

20-
24 

25-
29 

30-
34 

35-
39 

40­
44 

Birth order 2 
British Columbia, Canada, 
1952-60 21.1 19 208 123 86 90 101 176 

England and Wales, 1949-50 
Socioeconomic class 

1 (high) 
2 
3 
4 

14.9 
17.2 
23.4 
29.2 

15 
18 
23 
27 

-
-

179 
240 

94 
120 
126 
134 

94 
85 
88 
88 

99 
92 
84 
79 

113 
103 
102 
99 

-
155 
142 
103 

5 (low) 32.8 31 201 124 91 85 100 97 

Israel, 1964-661 20.4 19 187 94 106 110 90 192 

New York City, USA, 1966-67 
White 
Puerto Rican 
Other 

15.8 
24.1 
34.4 

15 
22 
27 

281 
170 
197 

110 
101 
127 

82 
90 
76 

111 
80 
111 

97 
129 
86 

141 
-
-

United States, 1960 
White 21.1 19 194 107 85 95 113 158 
Other 41.3 34 172 102 89 96 113 131 

Median 22 20 196 115 88 94 102 142 
Range (trimmed)" 16-34 15-31 172-240 94-127 82-94 84-111 90-113 103-176 

Birth order 3 
British Columbia, Canada, 
1952-60 21.7 19 315 144 96 98 106 124 

England and Wales, 1949-50 
Socioeconomic class 

1 (high) 
2 

17.8 
21.5 

19 
20 

-
-

-
144 

100 
101 

70 
87 

130 
112 

-
145 

3 28.9 26 - 157 113 94 93 117 
4 33.9 30 - 154 113 90 97 121 
5 (low) 38.8 34 - 168 105 90 105 127 

New York City, USA, 1966-67 
White 
Puerto Rican 
Other 

15.9 
26.2 
34.1 

15 
22 
26 

453 
138 
264 

129 
126 
157 

91 
108 
101 

98 
113 
79 

111 
79 

120 

96 
-
-

United States, 1960 
White 21.2 18 260 137 98 94 108 141 
Other 40.4 33 200 118 95 95 110 128 

Median 26 22 262 144 101 94 108 126 
Range (trimmed)" 18-39 18-33 200-315 126-157 95-113 79-98 93-120 117-141 

Birth order 4 

British Columbia, Canada, 
1952-60 23.1 20 - 164 114 98 88 125 

England and Wales, 1949-50 
Socioeconomic class 

1 (nigh) 
2 

19.1 
26.9 

-
25 

-
-

-
-

-
109 

-
72 

-
119 

-
127 

3 33.0 31 - 197 117 93 90 123 
4 
5 (low) 

38.8 
38.6 

35 
35 

-
-

174 
177 

115 
127 

88 
87 

97 
86 

119 
105 

Israel, 1964-661 17.7 18 - 129 72 90 138 168 
New York City, USA, 1966-67 

White 
Puerto Rican 

22.0 
25.0 

21 
26 

-
-

152 
97 

105 
103 

90 
90 

105 
107 

95 
-

Other 37.8 35 - 117 102 92 106 203 

United States, 1960 
White 22.7 20 262 161 105 96 99 116 
Other 40.4 34 220 132 98 102 100 110 

Median 26 26 241 156 105 90 100 121 
Range(trimmed)" 19-39 20-35 220-262 117-177 98-117 87-98 88-119 105-168 

( ) = Figures not included in the median or Bangladesh: Stoeckel and Chowdhury, F. Nelson, New York City Department of 
the range. 1972,p.118. Health). 

Taiwan: Sullivan, 1972.'The range shown excludes the extreme Denmark: US HEW, 1967c, pp. 11, 14. 
value at each end. England and Wales: Heady and Heasman, United States, 1960: US HEW, 1972a, p. 58. 

United States, 1964-66: US HEW,1972c,1959, Tables 2 Ciii, 5 Biii. 

Includes birth orders 5 and 6. Israel: Legg et a-1.,1969, p. 1110. Table 7.
Includes birth order 3. 

New York City: Erhardt etal., 1970 (sup- British Columbia: Newcombe, 1965, p. 93.
SOURCES: plemented by unpublished data provided by
Arizona: Department of Health, 1967. 
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TABLE 8 Neonatal mortality: Rate per 1,000 live births, and index number by maternal age,
for selected birth orders, areas, and years 
(Index based on unweighted average rate of age groups enclosed in rectangle --100) 

Average rate Index number for maternal age group 

Birth order, area, Un- Under 20- 25- 30- 35- 40­
and years Weiahted weighted 20 24 29 34 39 44 

All birth orders 
Baltimore, USA, 1960-64 20.4 19 128 100 92 108 -124 
England and Wales, 1949-50 

Socioeconomic class 
(16.2) (16) (143) (104) (94) (102) (127) (162) 

I (high) 12.2 11 - 99 98 103 155 150 
2 14.2 13 120 101 94 105 146 184 
3 
4 

15.9 
17.9 

15 
16 

137 
151 

101 
102 

95 
96 

104 
102 

122 
120 

168 
161 

5 (low) 19.1 18 130 111 92 97 133 139 
Hawaii, U',,,,1953 17.1 17 135 96 89 115 135 110 
New York State (except NYC), 
USA. 1936' 30.5 29 114 99 90 111 124 162 
North Carolina, USA, 1969 
White 14.8 13 197 110 96 94 126 235 
Other 22.6 20 126 99 103 98 126 181 

Taivvan, 1966-68 26.7 26 113 92 88 120 153 
United States, 1950 

White 
(12.0) 
18.9 

(19) 
18 

(128) 
124 

(101) 
101 

(93) 
94 

(106) 
105 

(125) 
126 

(144) 
145 

Othnr 26,7 26 108 95 94 111 115 134 
United States, 1960 

White 
(18.4) 

16.9 
(18) 
16 

(131)
126 

(99) 
99 

(96) 
96 

(105)
105 

(113) 
114 

(133) 
136 

Other 26.7 25 122 100 96 104 107 116 
Median 19 18 126 100 94 105 126 150 
Range (trimmed) 14-27 13-26 113-151 95-110 89-98 97-115 114-153 116-184 

Birth order 1 
England and Wales, 1949-50 

Socioeconomic class 
I (high) 13.4 15 - 80 76 96 148 -
2 
3 

15.2 
17.1 

17 
19 

71 
117 

70 
76 

78 
84 

99 
107 

153 
133 

188 
183 

4 18.6 22 172 73 85 110 132 -
5 (low) 20.8 25 88 77 75 81 167 166 

New York State (except NYC),
USA, 1936- 30.7 33 99 86 83 128 104 -

United States, 1950 
White 17.8 21 96 76 80 108 136 144 
Other 28.9 36 73 76 87 135 102 -

United States, 1960 
White 15.0 17 102 75 78 114 133 161 
Other 25.7 31 83 72 79 115 134 -

Median 18 22 96 76 80 109 134 166 
Range (trimmed)" 15-29 17-33 73-117 72-80 76-85 96-128 104-153 161-183 

Birth order 2 
England and Wales, 1049-50 

Socioeconomic class 
1 (high) 9.8 10 - - 87 94 119 -
2 11.7 12 - 111 83 100 117 178 
3 
4 

13.4 
15.5 

14 
15 

138 
233 

108 
118 

85 
89 

94 
89 

121 
122 

188 
156 

5 (low) 16.4 16 170 113 80 92 128 -
New York Siate (except NYC),
USA, 1936" 25.5 27 122 96 80 94 126 -
United States, 1950 

White 16.9 16 164 106 86 92 122 159 
Other 25.4 26 119 93 81 129 90 -

United States, 1960 
White 16.1 16 169 96 84 98 118 159 
Other 27.2 26 137 87 86 98 116 -

Median 16 16 151 106 84 94 120 159 
Range (trimmed)" 12-26 12-26 122-170 96-113 80-87 92-100 116-126 159-178 

(continued) 
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TABLE 8 Neonatal mortality: Rate per 1,000 live births, and index number by maternal age, 
for selected birth orders, areas, and years (continued) 
,Index based on unweighted average rate of age groups enclosed In rectan1!a- 100) 

Average rate 	 Index nuniher for maternal age group 

Birth oder, area, Un- Under 20- 25- 30- 35- 40­
and years Weighted iweighted 20 24 29 34 39 

Birtn order 3 
England and Wales, 1949-50 

Socioeconomic class 
1 (high) 11.7 13 - - 96 73 131 ­
2 	 14.7 14 - 138 97 85 118 152 
3 	 16.0 15 - 115 99 99 102 146 
4 17.8 17 - 124 100 90 110 149 
5 (low) 18.4 18 - 124 83 98 119 166 

New York State (except NYC),
 
USA, 1936- 26.6 26 191 104 97 96 107 108
 
United States, 1950 

White 19.3 18 230 125 96 94 110 142 
Othe, 22.3 21 138 100 116 92 92 -

United 	States, 1960 
White 15,9 15 217 121 94 94 112 145 
Other 	 25.8 24 158 98 91 95 114 136
 

Median 18 18 191 121 96 94 111 146 
Range (trimmed) 15-26 14-24 158-217 100-125 91-100 85-98 102-119 136-152 

Birth order 4 
England and Wales, 1949-50 

Socioeconomic class 
1 (high) 14.1 - - - -
2 17.6 16 - - 90 61 149 151 
3 17.8 17 - 164 105 93 102 157 
4 20.1 18 - 178 94 103 103 120 
5 (low) 18.9 18 - 149 110 83 107 -

New York State (except NYC), 
USA,1936" 29.1 29 - 90 98 94 108 144 
United States, 1950 

White 20.3 19 - 13$ 98 97 105 116 
Other 25.0 28 154 81 85 78 137 -

United States, 1960 
White 17.2 16 229 140 100 97 103 117 
Other 25.4 24 182 109 92 101 107 110 

Median 19 18 182 138 98 94 107 120 
Range 17-251) 16 ­2 8b 154-229 90- 164, 9 0-1051, 78 -10 1h 103 -13 7 " 116 -15 1 

I) Figures not included in median orrange. England and Wales: Ieady and Ileasinan, 	 Taiwan: Sullivan, 1972. 
United States: US IIEW, 19721b, Tables MFigures are for legitimate births only. 1959, Tables 5 lti, 2 Ci. 

"The range shown excludes the extreme tlawait, USA: Yerushatoy et at.,1956, p.88. and P,supplemented by absolute data on births 

value at each en&(. New York State: Yertishalny, 1938, p. 261. and rates in US ilEW Spectatl Ieports 47, 
North Carolina: State Board of Ileaith, 1969, no. 3,Tables I and 3. 

SOUtUES: 	 p. 16. 
ialtimore: Shah ianl Abtey, 1971, p.44, 

tality for first births, it may be spec- rates occurred when mother and from causes largely attributable to 

ulated that women bearing their first fathcr were in about the same age complications of delivery, prematur­

child at an older age are in better group. With mother's age constant, ity, and abnormal birth weight. In 

socioeconomic circumstances than death rates were 1 shaped with re- Chase's analysis of several Western 

younger women and that women in spect to father's age; but further countries (US HEW, 1967a), un­

their twenties are better equipped analysis, using father's education qualified prematurity (International 

than teenagers to protect the child from an independent source as a Standard Classification Code 776)20 

against increasingly important en- socioeconomic measure, suggested accounted for an average (Lin­
vironmental-as opposed to biologi- that, except for congenital malfor- weighted mean) of 22 percent of 
cal-hazards. tuations, variations in infant mor- neonatal and 15 percent of infant 

A study by Spiers (1972) inves- tality rates with father's age were deaths. With the addition of post­
tigated father's age and infant tnor- attributable to irregular social cir- natal asphyxia and atelectasis 

tality based on North Carolina vital cumstances. 
statistics data, with cause of death At least half, and in developed The International Standard Classi­

dichotomized into congenital malfor- countries about three-quarters, of in- fication Code is an internationally agreed 

mations and other causes. For both fant deaths occur in the first month upon method of classifying diseases, under 
the auspices of the World Health Or­

groups of causes, the lowest death of life, the so-called neonatal period, ganization. 
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(Code 762, lack of air in the lungs), 
which are associated with prema-
turity, these percentages were 43 
and 27, respectively. If congenital 
malformations, some highly corre­
lated with maternal age, are also 
considered (Code 750-759), more 
than halt the causes of' neonatal and 
infant mortality are accounted for 
(US HEW, 1967a. pp. 37, '12). 

The several studies of neonatal 
death cross-classified by maternal 
age are listed in Table 8, while Fig-
nre 6 depicts the age gradient sug­
gested hy the data Again the U- and 
,-shaped patterns are evident, the 
smoothed curves ( parabolas ) giving 
a minimum risk of neonatal death 
when mothers are age 23.6 for birth 
order 1, age 29.4 for birth order 2. 
age 31.5 for birth order 3Nand age 

33.3 for birth order 4 (see Table 1, 

p. 6). 
A rather striking fi,ilding is the 

degree of excess risk of' neonatal 
and infant mortality among off-
spring of teenage mothers compared 
with that antong offspring of moth-
e's in their twenties. At higher birth 
orders, a large differential is ex-
pected (because of' the importance 
of' birth spacing), but even at birth 
order 1, neonatal and infant deaths 
are over 25 percent higher ot'r babies 
of teenagers than for l)abies of' moth-
ers in their twenties, 

An unpublished tabulation of in-
fant mortality in the US 1960 birth 
cohort, by single year of age for 
mothers under age 20, sheds further 
light on this subject. As can be seen 
in Figure 14, not only the very 
young teenage mothers, but even 
the 18- and 19-year-old mothers 
were disadvantaged compared with 
mothers in their twenties or thirties. 
Moreover, this finding appears even 
more marked when the comparison 
is with first order births among the 
older women (a valid comparison 
on tie plausible assumption that 
most births to teenagers are first 
order births). 

Because abnormal birth weight 
is highly correlated with high risk 
of infant and even childhood mor-
tality and morbidity, it would be use-

FIGURE 14 Infant mortality: Rate per 1,000 live births, United States, 1960 
Rat 
60te 

so ­

40 

20 

10 , . 
Under 15 15 16 17 18 19 20-24 25.29 3034 35-39 40-44, 

Maternal age 

All birth orders Birth order 1 

OrE Rates are for deaths occurring within first year of life. 
SOUICES For single year of age, unpublished data obtained from US HEW, courtesy of


Frank Godley, Health Services and Mental Health Administration. Other data from
 

US HEW, 1973a, Table C. 

ful to document the well-known as-
sociation between abnormal birth 
weight and maternal age. To con-
trol for birth order, a special tabula-
tion was requested from the US Vital 
Statistics Division. The findings, 
based on a one per thousand sample 
of legitimate births in the 1964-
1966 national fertility survey, show 
clear U- and J-shaped age patterns 
by birth order. These are statistically 
significant at the 2 percent level for 
the 30 cells in Table 9 constituting 
birth orders 1-5 for each of the six 
quinquennial age groups (X2 = 
36.23, degrees of freedom = 20). 
For all birth orders combined (in-
cluding 6 and over), the relation-
ship was found to be statistically sig-
nificant at the I percent level (x 2 = 
48.45, degrees of freedom = 5). 
With this documentation of the re-
lationship between abnormal birth 
weight and maternal age, it is clear 
that over half the causes of infant 
and neonatal deaths are correlated 
in U- and J-shaped patterns with 
maternal age. 
Congenital Malformations 

It has long been known that certain 
congenital malformations are posi-

Lively associated with parental age. 
Some are more directly related to op­
erative deliveries, anesthetic efl'ects, 
or maternal infection, such as ro­
bella, in the early gestation period; 
but a few, notably chromosomal ab­
errations, are related unequivocally 
to age. According to the World 
lHealth Organization Scientific Group 
on Genetic Disorders, "very little is 
known about the factors that cause 
chromosomal disorders in man. The 
most important finding ia the asoei­
ation between increasing maternal 
age and Down's and Kinefelter's 
syndromes in particular. A decrease 
in the frequency of childbirth in 
older mothers could lead to a sig­
nificant reduction in the incidence 
of nondisjunctional aneuploidy" 
(World Health Organization, 1972, 
p. 16). One investigator has esti­
mated that a reduction (presumably 
in the United States) of five years 
in the childbearing pattern after age 
30 could decrease the incidence of 
trisomic children by 40 percent 
(Lenz, cited in Polani, 1967, p. 15). 
The extent to which such a reduc­
tion in chromosomal disorders 
would decrease human suffering 
and the burden of medical care is 

37
 



TABLE 9 Percent of live, legitimate births having abnormal birth weight serious deviant behavior. It includes 

by maternal age, by birth order and weight, United States, 1964-66 the well-known nonsterile genotypes 

All 
Birth order and weight ages Under 20 

All orders 164 15.1 
Under 2,500 grams 78 90 
Over 4,000 grams 8.6 6.1 
Total number abnormal 1,703 215 

Birth order 1 134 32 

Under 2,500 grams 72 7 7 
Over4,000 grams 62 55 
Total nurmber abnorrnal 404 131 

Birth order ? 141 179 
Under 2,500 grams 7 1 10.1 
Over 4,000 grams 73 75 

Total number abnorma! 378 59 

Birth order 3 163 252 
Under 2,500 grams 76 164 
Over 4,000 grams 87 88 

Total number abnormal 303 17 

Birth order 4 18.5 27 1 
Under 2.500 grans 76 27.1 
Over 4,000 grains 10.9 0 
Total nunhber abnormal 221 4 

Birth order 5 25 9 1000 
Under 2,500 grams 11 4 1000 
Over 4,000 grams 1,15 0 

Toial nurnber abnornal 184 1 

Birth order 6 and over 2t.2 _0 
Under 2,500 grams 9.3 0 
Over 4,000 grains 119 0 
Total number abnormal 213 0 

SoiM E: 

Special tabulation prepared at the request


of the Population Council by the US )epart-
merit of' EIEW,t)ivision of Vital Statistics, 
Statistical itesiources Section, Rockville, 

suggested by the finding among pa-
tients admitted to a pediatric hospi-
tal in Montreal, Canada, during 
1969-1970 that about one-third 
were suffering from genetic disor-
ders and congenital malformations 
(World Health Organization, 1972, 
p. 40). 

A brief explanation of the tech-
nical terms and conditions may be 
helpful. In the normal individual, 
chromosomes exist in 23 pairs, each 
parent having contributed one of 
each pair. Trisomy means the pres-
ence of a third chromosome in one 
of the pairs. This results when, in-
stead of receiving 23 chromosomes 
from each parent, the embryo re-
ceives 24 from one parent because 

Maternal age group XXX and XYY and the sterile geno­

type XXY (Klioefelter's syndiome). 
N'onosomy of the female sex chro­
mosome, XO (Turner's syndrome), 
also exists, tile affected females usu­
ally being severely malformed and 
almost always sterile. That no Yo 
individuals exist suggests that the 

X chromosome is indispensable to 

life. The normal female is XX, the 
normal male XY. 

Average life expectancy at birth 

("eo) with trisomic conditions is as 

follows (Polani, 1967, pp. 3, 4): 

Trisomy ', 

, 3/2 11nt0S 

#18 2l', IoIIth!; 
#21 10 years 
Olher auLosornal Pruiat~ily Lelnu 
Sex chromosomes 1ttleit any influence 

.. . 

Polani estimates the frequency 

of' chromosomal abnormalities to be 
1 in 250 pregnancies, with 88 per­
cent of the abnormalities terminated 
prenatally by spontaleots abortion. 

Theoretically, a great part of the re­
maining 12 percent could be ter­
ining 12 inerce dcold be ­

minated by induced abortion be­
cause it is now possible, by cytologi­
cal and biochemical analysis of the 
cells in the alnniotic fluid (obtained 
by transabdoninal aniocentesis) 

to diagnose genetic defects in the 
fetus. Although the method is con­
sidered practical and loollproof, it is 
still recognized as potentially dan­
gerous and should be used only 
when there is a substantial risk of 
severe fetal abnormality (Ferguson-
Smith, 1971). 

It is generally agreed that the 
association between maternal age 
and most chromosomal aberrations, 
Down's syndrome (mongolism) in 
particular, is unequivocal. The fre­
cjuency of' such aberrations is, there­
fore, a function of' tile proportion of' 
births occurring to older mothers. 
Penrose (1967, pp. 541-57), a pio­
neer in tile study of the incidence 
of Down's syndrome, noted that 
changes in the maternal age distri­
bution in England and Wales be­
tween 1939 and 1964 produced a 24 

20-24 25-29 30-34 35-39 

14.1 162 190 22.7 
7 1 69 77 11 2 
70 93 11 3 11 5 

530 430 289 182 
130 12-1 17 1 260 

62 74 77 233 
68 50 94 27 
186 50 20 11 

136 129 17 1 223 
69 53 76 1ve5 
67 76 95 78 

176 87 38 17 

148 169 151 165 
79 62 6.0 11 8 
69 107 91 47 

97 111 49 21 

178 162 200 188 
95 .16 72 86 
83 11 6 128 102 
43 77 62 31 

242 24 3 234 304 
138 13.4 92 74 
104 109 14 2 23 0 

21 58 53 40 

190 196 196 238 
108 8.1 8.1 115 
82 115 11 5 12.3 

7 47 67 62 
..... 

Ma3ryland (re 1 uest #549), based 

40 and over 

240 
103 
13.7 

57 
307 

30 7 
0 
3 

57 
0 

5.7 

1 

293 
11.0 
18.3 

8 

13.9 
35 

10.4 
1 

388 
188 
20.0 

11 

23.7 
95 

142 
30 

on 10,395
live, legitimate births representing a 1 per
1,000 sample in the 1964-66 National I'er-
tility Survey, 

one pair of chromosomes in the af-
fecting parent fails to disjunct. Tri-
somy of autosomal (nonsex) chro-
mosomes produces such severe 
abnormalities that it generally re-
sults in prenatal death. The only 
trisomic conditions observed in life, 
all of which are associated with se-
vere abnormalities, involve (a) 
three autosomal (nonsex) chromo-
somes: number 18 (Edward's syn-
drome), D, (probably number 13, 
yielding Patau's syndrome), and 
number 21 (Down' syndrome or 
mongolism); and (b) various com-
binations of the sex chromosomes 
(X for female, Y for male). 

Trisomy of the sex chromo-
somes, although nonfatal, produces 
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percent dechiue in its relative inci-
dence during this period. Recent fre-
CqUrncies and average (mean ) pa-
rental ages of i-fants with chroie,-, 
sonal anomalies are presented in 
Table 10. 

It is clert- from the data that, 
except for Timer's syndrome (XO), 
mean parental age of chroniomom-
ally abnornal iifanits is higher than 
average. (n the case of Dowi 's syn-
drorne, the assrociation betweon ma-
ternal age and th, condition is 
strong enout.gh fr age to Le consid-
ered the caus itlactor (although the 
mechanism of action r'emains spec-
ulative . The i,!chigan data in 
Table I ia show that birth arder 
makes no diti'e'ence--that for any 
order, at ages 35-39, the risk of' 
Down's syndrooiv is three to four 
times average, and beycnd age 40. 
over eii{ht timens average. For the 
Israel data, the rflationship was sta-
tistically signific:,nt at the I percent 
level. On the average (medians of 
the studies reviewed), cortiparcd 
with ti risk when women are in 
their early twenties, the risk of 
Down's syndrome among offspring 

is twice as great when women are in 
their early thirties, 6 times as great 
when women are in 	their late thir-
ties, and 19 times as great when 
women are over age 	40 (see Table 
1la and Figure 7). 

Whether or not increasing na-
ternal age also increases the risk of' 
the autosomal chromosomal abhor-
inality (trisomy 13-15) that gives 
rise to cleft palate and harelip seems 
controversial. Because the condition 
is visible at birth, it is generally re-
corded on the birth certificate and 
so is readily matched with maternal 
age. In a study of 5,838,855 birth 
records from 17 US state depart-
inents of vital statistics, anong 
whom 6,070 infants were identified 
with cleft lip andor palate, Dona-
hue (1965, 1967) found that 29.7 
percent of mothers of' babies with 
clefts were age 30 or over compared 
with 25.7 percent for a control group 
selected by arbitrarily taking the 
birth record of' every fifth case after 
the one on which a cleft was re-
ported. Of fathers of babies with 
clefts, 25.4 percent were age 35 or 
more compared with 24.6 percent 

TABLE 10 Chromosomal anomalies: Rate per 1,000 births and institutional 
population, and mean parental age, by specified sync rome 

Chromosome Sign- at 

Syndrome complemen, birth 


Sexchromoso-mal anomalies 
Turner 45/XO 	 Lymph angieclatic 

edema of hands 
arid feet 

Klinefeiter 471XXY None 
Triple X 47/XXX None 
Double ' 471XYY None 
A LjtOSgrnal chromosornal anomalies 
Down's 
trisomy, 21 47 Mongoloid facies, 

simian lineTrisomy,NeYokCtbitsi19895 

16-18 47 	 Finger flexion, 
low set ears. 
digital arches 

Trisomy, 

13-15 47 Cleft palate, harelip, 


Ra;e per 1,000 Mean age (years) 

Institutional 
Births population" Maternal Paternal 

0.4 - 27.5 30.3 

2.0 10-30 33.6 37.7 
0.6 4-7 32.5 35.8 

1.4-4 10-30" u U 

1.6 	 100 36.7 u 

Rare" 32.8 35.2 

Rare" u u 
eye defects, polydaclyly 

u - unavailable. McKusick (1969, p. 31) gives itfigure of I 
"Data refer to people with chromosomal in4,5100 live births for trisonmy 16-18, I i 

anomalies found in institutions such as mental 14',500 for trisomy 13-15. 
hospitals; they exclude people living at home. sOuhcE: 

Refers to penal institutions. I lellinan and Pritchard, 1971, p. 1068. 

among controls. Donahue (1965) 
considered these data inconclusive. 
Although they are statistically sig­
nificant, it may be that he consid­
ered the differences 	 trivial. 

Similarly in their study of clefts 
among live births in New York City 
during 1952-1962, Conway and 
Wagner (1966) found rates per 
thousand of' 1.0, 0.8, 0.7, 0.8, 1.0, 
and 1.4 per maternal quinquennial 
age group from under age 20 to age 
40 and over, respectively, a pattern 
that is J shaped; but the findings 
lacked statistical significance. 

As shown in Table 	 10, not all 
chromosomal aberrations are notice­
able at birth, and furthermore, de­
fective chromosomes are only one of 
many causes of congenital malfor­
inations. Since statistics on the inci­
dence of congenital 	 malformations 
are usually limited to those noted at 
birth, one study reported on here, 
the 	New York City study included in 
Tables Ila and Ilb, tried to get 
more complete coverage by looking 
into infant mortality attributed on 
the 	death certificate to a congenital 
cause that had not been noted on the 

infant's birth certificate. The inter­
esting statistic that turned up was 
that 	conditions missed at birth that 
were serious enough 	to cause death 
in 	the first year of life amounted to 

28 percent of thl 	 malformations 
noted on the death certificates. 2 1 

Th-is, the absolute rates of con­
genital malformations are gieatly 

influenced by the completeness of 
recognition and recording on birth 

certificates and subsequent fol­
low-up; but as in previous sections, 
it is reasonable to suppose that dle­
ficiencies in reporting and any selec­
tivity of maternities under scrutiny 

have no appreciable effect on age 
patterns. In addition to the study of 

New York City births 	in 1958-1959 

' Figures were as follows: Among 
344,542 births in New York City in 1958­
1959, 3,558 malformations were recorded 
on live-birth certificates, 450 on fetal­
death certificates, and another 1,144 on 
infant-death certificates without mention 
on the corresponding infant's live-birth 
certificate (Erhardt and Nelson, 1964, p. 
1490). 
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TABLE 11a Down's syndrome: Rate and index number per 1,000 births (coded B) or live births (coded LB) by maternal age, 

for specified population groups and years 

Aye group 

Average Under 20- 25- 30- 35- 40- Code 
Population group and years rate 20 24 29 34 39 44 base 

Weighted Rate 

Great Britain, 1940s 1.51 0 0.28 0.29 1.72 3.52 14.2 B 
Israel, 1959-60" 1.01 0.37 0.45 046 1.07 2.74 7.53 B 
Michigan, USA, 1950-64 

Crude (0.891) 0.432 0.428 0512 0866 2.64 8.59 LB 
Adjusted" (0.891) 0.313 0399 0.516 0.924 272 8.40 LB 
Birth order 

1 0.567 0469 0,26 0.533 1.03 2.71 8.51 LB 
2 0.685 0360 0471 0.513 101 2.99 7.54 LB 
3 0.814 - 0.402 0517 0841 2.42 8.37 LB 
4 1.144 - 0.393 0486 0877 3.00 940 LB 

New York City, USA, 1958-59" 0.438 0.1 02 03 03 08 29 LB 
Victoria, Australia, 1942-57 1.45 0.43 062 0.83 115 350 9.93 B 

Index number (lUnweilhled average 
Unweighted rate of age groups enclosed in rectangle 100) 

Gieat Britain. 1940s 1 0 21 21 119 239 971 B 
Israel, 1959-60" 1 30 39 39 91 231 636 B 
Michigan, USA, 1950-64 
Crude 1 38 38 -16 77 238 774 LB 
Adjusted 1 27 35 45 81 239 738 LB 
Birth order 

1 1 41 37 45 87 231 724 LB 
2 1 29 38 41 81 240 605 LB 
3 1 - 41 50 79 230 798 LB 
4 1 - 34 40 74 252 790 LB 

Victoria, Australia, 1942-57 2 29 42 54 75 229 646 B 

Median .91 29 38 45 81 238 738 
Range (trimrned)i 0.57-1.45 27-38 34-41 39-50 75-91 230-240 636-798 

Figures not incluLec in tie median or "The ralige shown excludes the extreme New York City: Eltrhardt and Nelson, 1964. 
the range. valte at each emd. StIpplenettedl by utriputbliishted tables supplied 

"Significant at 1 percelt level according to SOURCElS: by Nelson from the New York City Ilealth 
the investigator. (;reat ttritain: Carter and MacCarthy, 195 1, Department Itou'eaul of Recirdts and Statistics 

" Adjusted for irth order difFerences within p. 8-1. Retrospective survey by uail question- dated 20 Novelber I)192. An unutlSual feature 
age group. ttaire sent in 1940 to I2 maternity hospitals of this stutdy was the inclusiont ofinf'ant deaths 

Rates showun above by live-year age groups il (;reat Britain. Data ire based on returns attributed to congenital anomalies that were 
are not carried to adequate lvtitber of sig- relating to G6-3(ii itaternities. not recordedt oin live birth certificates. 
nitieant digits For calculation of' indlex. The Israel: Ilalevi, 1967, 1).67. Data tased oi Victoria, Australia: (ollinan and Stoller, 
index numbers shiwn for the two age grotps, congenital nialforniations noted during 19162, 1). 824. Birth and death certificates 
untder :30 and :0 and over, are based ott 'ale maternal postnatal Ihspitalization averaging were examined prospectively for all iniongoloid 

-7.3 in .Tie influence Of' seasont OFcoieption 1,t5days, aniong 90,792 birtlts in Israel during cases during 19, 12-957 ill Victoria, a small
 
ont obstetric problems and casualties," Ilealtli 1959- 1960. 

) 
southern state of Australia with ppulation


Services Administration, New York City De- Michigan: Stark anrid Mantel, 1966, . (92. of 2 million itt 19,12 a nd 2.7 million ill 1957.
 
partment of lealth and Medical and lealth Down's syndrome incidence rates based ott Aniong 780,168 birtlis, 1,13-1 incidences of
 
Research Association of New York City, Inc., birth ceritiicates of live birtlis itt lower Miict- Down's syndrome occurred,
 
June 1971 (iiteo.). tigan during 1)50-1964.
 

mentioned above, three other studies ing society); and unpublished (to genital malformation frequency at 
are presented in Table 1lb on ma- date) data from the almost 500,000 the upper extreme of the reproduc­
ternal age-specific rates and index births reviewed in the US Obstet- tive age span. The Chilean differen­
numbers for all types of tnalf'orna- rical Cooperative study (discussed tial is much sharper. 
tions combined: an analysis of in the maternal effects section). As for congenital malformations 
90,792 births in Israel during 1959- Median index numbers are not of nonchromosomal origin, the find­
1960, in which the investigator warranted on the basis of fot' stud- ings in relation to maternal age are 
(1lalevi, 1967) paid careful atten- ics, particularly since they relate to not usually statistically significant. 
tion to details on levels of' statistical different birth orders. Each study For example, in the Israel data, only 
significance; rates based on 19,529 shows an increase in total congenital a residual category of bone and joint 
live births in hospitals in Chile dor- malformations with increasing ma- malformations bore a statistically 
ing November 1968-October 1969 ternal age. The United States, the significant relation to maternal age 
(a study that turned up as a reward white New York City, and the Israel (at the 5 percent level) (Halevi, 
in the search through the medical data suggest, as a rough order of 1967, p. 69). Likewise, an analysis 
literature for a nonwestern, develop- magnitude, twice the average con- of developmental malformations of 
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TABLE 1lb Congenital malformations: Rate and index number per 1,000 births (coded B) or live births (coded LB) 

by maternal age, for specified population groups and years 

Population group and years 

Chile, 1968-69
 
Birth order


1 

2 and over 


Israel, 1959-60 

New York City, USA, 1958-59

White 

Puerto Rican 

Other 


United States, 1961-69
 
Birth order
 

I 
2 
3 

4 


Chile, 1968-69 
Birth order

1 
2 and over 


Israel, 1959-60 


New York City, USA, 1958-59
 
White 

Puerto Rican 

Other 


United States, 1961-69 
Birth order 
1 

2 

3 

4 


u1 unavailable. 

SOtURtES: 

Chile: Coke and Navarro, 1970, p. 711. Data 

based oit infant anomalies noted at birtih 
atnong 19,529 live births in Chilean hospitals 
during November 1968-October 1969. 

fetuses and newborn infants in Po-
land with particular reference to 
maternal age, based on six and a 
half years of observation of 31,857 
deliveries to the tenth day after 
birth, found a strict correlation be-
tween age and fetal malformation 
only for mongolism (Baron, Kuczyn-
ski, and Pydzik, 1966). 

Despite the inconclusive results 
(except for Down's syndrome), a 
higher incidence of most types of 
congenital malformations seems to 
go hand in hand with higher mater-
nal age. The data in Table 12 on 
specific congenital malformations 
among infants of mothers Linder and 
over age 30 who gave birth in New 
York City during 1960-1967 indi-
cate that for most conditions rates 

Maternal age group 

Average 
rate 

Under 
20 

20-
24 

25-
29 

30-
34 

35-
39 

40-
44 

Code 
base 

Weighted Rate 

10.4 
8.68 

13.2 

12.6 
9.1 

11.2 

8.6 
6.5 

11.6 

7.7 
6.7 

11.7 

7.2 
5,1 

14,8 

0 
9.6 

16.0 

81.6 
47.5 
22.1 

LB 
LB 
B 

14.6 
16.6 
16.9 

13.8 
15.1 
16.6 

13.9 
16.9 
16.0 

13.7 
15,9 
18.2 

15.0 
16.6 
16.1 

16.4 
19.6 
19.6 

26.2 
21.5 
13.6 

LB 
LB 
LB 

u 
u 
u 
u 

44.2 
38.7 

-
-

46.0 
40.3 
41.8 
37.9 

48.7 
42.0 
37.0 
39.8 

53.3 
44.7 
39.3 
42.8 

620 
50.6 
49.2 
473 

-
-
-

65.8 

B 
B 
B 
B 

Unweighted 
Index number (unweighted average rate of age 

groups enclosed in rectangle 100) 

6 
7 


14 


15 

17 
17 

52 
44 

42 

42 


213 147 130 
131 93 97 
83 86 86 

94 94 93 
88 98 92 
95 92 104 

84 87 93 
87 91 94 

- 100 88 
- 90 95 

Israel: lialevi, 1967, p. 67. See source, 
Table I Ia for nature of survey. 

New York City: E rhardt and Nelson, 196-1. 
See source, Table I la For nature of survey. 

United States: Unlithllished tabulation from 
thie US Obstetrical Cooperative, Downstate 

tend to be higher among the infants 
of older mothers. 

Because of its high correlation 
with maternal age, it is difficult to 
establish whether paternal age is im-
plicated with congenital abnormal-
ities. Mongolism and clefts have re-
ceived the most attention in this 
regard. The same inconclusiveness 
in the relation between clefts and 
maternal age also al)plies to paternal 
age. As for Down's syndrome, Sigler 
et al. found "no positive statistical 
association of paternal age" in 
their study of 288 mongoloid chil-

dren among Baltimore births dur-
ing 19,16-1962, compared with a 
matched control group (1965, p. 
641). Penrose, however, perhaps the 
foremost investigator of mongolism 

123 0 1,385 LB 
73 137 681 LB
 

110 118 162 B
 

102 111 178 LB
 
96 114 125 LB
 
93 111 78 LB 

102 118 - B 
100 115 - B 
94 118 - B 

102 113 157 B 

Medical Center, Brooklyn,New York, prepared 
at tle request of the Population Cou neil. Data 
are based on almost half a million births dur­
ing 1961-1969 occurring in participating US 
hospitals, which include almost all the major 
maternity centers iii tile country. 

and parental age, concluded that 
'mongols with somatic fusion of the 
21:22 type form a special group in 
which advancing paternal age, and 
not maternal age, is a highly signifi­
cant aetiological factor" (1962, p. 
1101). 

To estimate the proportion by 
which congenital malformations 
would be reduced anywhere or ev­
erywhere in the world if childbear­
ing were restricted to the maternal 
ages of 20-34 is too speculative an 
exercise to consider. This section, 
therefore, concludes by noting the 
point made by llalevi (1967), the 
investigator in the Israel study, that 
the impact of congenital malforma­
tions is not alone on mortality, but 
also on health needs. To illustrate 
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this point, he reported that, in 1962, TABLE 12 Congenital malformatcns: Rate per 100,000 deliveries of 17 or more 
weeks of gestation, and Index number by maternal age, by type of malformation, 

cases of congenital malformation in New York City, 1960-67
 
Israel comprised 159 per 10,000 hos-

pitalizations and 195 per 10,000 

hospitalization days. 

Childhood Development 
and Performance 

The older the child, the less the as-

sociation between its physical or 


mental health and the circum-

stances surrounding its birth. This 

is attributable partly to the selecting 
out by early death (or removal from 
the population at large by instiu-

tionalization) of those seriously 
damaged by pre- and postnatal fac-
tors and partly to the increasing im-

portance of environmental versus 
biological factors as a child matures. 

Nevertheless, early influences, good 
or bad, leave their mark throughout 
life. 

The number of studies relating 
parental age at birth with perform-
ance or physical condition of child 
after infancy is understandably lim-

ited. In addition to the usual diffi-
culty of linking records of subjects 
and controls to their birth certifi-
cates, a difficulty compounded with 
increasing age of the child, are prob-
lems of definition and measurement 
of the variable under scrutiny and 
of proper selection of subjects and 
controls. Three major techniques 
characterize the research design and 
sample selection of the studies listed 

in Tables 13 and 14 relating paren-
tal age (or a surrogate, notably 
birth weight and/or prematurity)22 
to child condition or performance. 

1. Pursuit of a birth cohort, ret-
rospectively or prospectively, to as-
certain the incidence of a condition 
(proportion manifesting it) by pa-
rental age; 

2. Identification of a sample 
population through a register of per-
sons with a prescribed condition 
(good or bad), and comparison of 

2 1Birth weight is a justifiable surro-
gate for maternal age on the basis of the 
high U-shaped correlation between the two 
shown in Table 9. 

Type 

Neoplasms 
Hemolytic disease of newborn 
Other diseases of blood and 

blood-forming organs 
Down's syndrome
Anencephalus 
Spina bit ida 
Hydrocephalus
Congenital eye anomalies 
Other nervous system

anomalies 
Respiratory anomalies 
Ear, face, and neck 

anom alies
Heart anomalies 
Other circulatory anomalies 
Cleft lip and/or palate
Other digestive anomalies 
Hernia of abdominal cavity 
Rectal and anal canal 

anomalies 
Genital organ anomalies 
Hypospadias 
Urinary system anomalies 
L'mb anomalies
Polydactyly
Musculoskeletal anomalies 
Congenital hip dislocation 
Skin, hair. nails, pigmented 
nevus 


Monstrosity 
Other types 
All types 

sot, ucE: 


New York City Department of 


Weighted 

37.8 
61.1 

15.3 
43.8 
57.0 
70.1 
63.3 

8.8 

12.8 
11.5 

39.2 
138.1 
28.9 
79.9 
57.8 
76.9 

18.1 
54.8 
61.4 
12.2 

235.7 
150.5 

71.4 
4.5 

48.1 
5.9 

131.5 
1572.6 

lealth and 

the parental age at birth distribution 
of these subjects with a set of con-
trols matched on other than parental 
age variables; and 

3. Testing of a large population 
(school children, for example) for 
the variable, and comparing the dis-
tribution by parental age at birth of 

normal (average) versus poor or 
high performers. 

It is clear that only the first pro-
cedure takes account of institution-
alized or dead children. The second 
may or may not include children 
who failed to survive to the survey 
date. In the third procedure, any re­
lationship of the variable with pa-

rental age is likely to be attenuated 
by the exclusion of children who, for 
whatever reason, are not part of the 

testing population. 
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(Index based on unweighted average rate - 100) 

Index number for maternal 
Average rate age group 

Unweighted Under 30 


37.1 104 

73.4 65 


15.8 92 

61 5 40 

57.8 97 

73.8 89 

65.0 95 

9.8 80 


12.8 101 

11.4 103 


40.9 92 

147.0 87 


30.4 90 

85.0 87 

57.0 103 

76.4 101 


18.2 98 

55.0 99 

64.5 90 

11.9 106 


233.2 102 

143.8 110 


73.3 94 

45 106 


49.5 94 

6.2 89 


139.0 88 

1654.0 93 


30 and over 

96
 
135
 

108
 
160
 
103
 
111
 
105
 
120
 

99
 
97
 

108
 
113
 
110
 
113
 
97
 
99
 

102
 
101
 
110
 
94
 
98
 
90
 

106
 
94
 

106
 
111
 
112
 
107
 

Medical and Health Research Association of 
New York City, Inc., 1971, Table 7.3. 

For purposes of discussion, the 
performance variables are consid­
ered in three categories: (1) physi­

cal handicaps; (2) mental function­
ing, usually measured by reading, 
verbal, and IQ scores; and (3) ab­
normal psychological or behavior 
patterns. To facilitate presentation 

of the findings of the 13 studies re­
lating to these variables, it was un­
fortunately necessary to cut across 
these categories in the design of Ta­
bles 13 and 14, but the reader 
should have no difficulty in identify­
ing the study under discussion. 

PHYSICAL HANDICAPS 

Three of the 13 studies listed in Ta­
bles 13 and 14 deal with physical 

handicaps. A fourth, of childhood 



mortality at ages 1-4 in Hawaii (see 
Table 13), yielded a rate of 41 per-
cent above average among children 
of teenage mothers, with a rapid 
decline as age of mother increased. 
Since accidents are an important 
cause of childhood deaths, the impli-
cation is that teenagers are too im-
mature to make responsible moth-
ers. 

A New York State study (see 
Table 13) compared the distribution 
by maternal age at delivery of 553 
children registered as blind among 
the live births of 1948-1959 with 
the distribution of' a 2 per thousand 
sample of all births during the same 
period. "While there was little dif-
ference between the observed [sub-
jects] and expected distribution for 
New York City mnothers, the differ-
ence for upstate New York was sta-
tistically significant ( P < 0.05) .... 
For upstate, the ratio of observed to 
expected number of mothers in the 
combined under 20 and 35 or over 
age groups was 1.38" (Goldberg et 
al., 1967, pp. 521, 522). The pat-
tern for New York City whites, al-

though riot statistically significant 
at the 0.05 level, was similar to the 
pattern for upstate New York, with 
an observed to expected ratio for 
mothers under age 20 and aged 35 
or over combined of 1.20 (Goldberg 
et al., 1967). 

The study of L ,iiweight among 
children born in Baltimore diag-
nosed as having strabismus (a 
squint that inhibits binocular fixa-
tion) (see Table 14) found that 
"case infants were lighter [than con-
trolsl even when gravidity was con-
trolled, suggesting a direct associa-
tion of'strabismus with birth veight" 
(Goldstein et al., 1967, p. 227). 

Neweombe's analysis of the 
213,353 live births in British Colum-
bia, Canada, during 1953-1958 (see 
Table 13) is the most comprelhen-

tsive study fot,11 of' the relation be-
tween maternal age at birth and 
child handicaps. The study is unique 
riot only for the variety of conditions 
investigated but also for its research 
design, which added to the regis-
tered handicapped children, the chil-
dren, live-born during 1953-1958, 

who died by the Lnd of 1961. The 
maintenance in British Columbia of 
a register of handicapped persons 
and the routine tabuk.tion of all 
births in the province by maternal 
age enabled the investigator to link 
the record of' dead and handicapped 
children to their birth certificates to 
obtain rates by maternal age. A pos­
sible criticism is that children dead 
or handicapped through accident 
were not excluded, but their inclu­
sion presunmably would have little 
effect on the findings and would, 
moreover, detract from rather than 
enhance any relation with maternal 
age. 

Newcombe's tudy found a 
i-shaped relation between parental 
age and handicapped children, with 
or without the addition of children 
who had died. The relationship was 
statistically significant at the .001 
level between maternal age and 
handicapped children (Newcombe, 
1964t) and between paternal age 
(standardized for maternal age) 
and handicaps plus deaths (New­
combe, 1965). For all birth orders 

TABLE 13 Index number by parental age, for specified survey populations, years, and childhood conditions (or performance) 

Survey population, years and condition 

Baltimore, USA, institutionalized, white mental 
defectives (N - 404) linked to birth certificates 
for births during 1941-48. Expected equals age
and birth order distribution of all single,
white births in Baltimore in 1941-48. 

All birth orders 
Birth order 

1 
2 
3 
4 
5 

Baltimore, USA, prospective study of children 
from time their mothers registered ior pre­
natal care to 10 testing (Stanford-Binet) at 
ages between 3 years 9 months and 4 years
3 months (N = 1,333 black male, 1,354 black 
female, 576 white children). 

Children 

Black 
Male 
Female 

White 

Parental age group 

Under 45
All ages 20 20-24 25-29 30-34 35-39 40-44 and over 

Ratio of observed to expected < 100 by maternal age 

100 121 95 88 95 - - 146 

100 133 102 75 73 210
 
100 330 135 52 67 133

100 741 105 120 58 58
 
100 - 236 97 57 66
 
100 - 316 128 39 55
 

Index number of 10 scores by maternal age 
(unweighted average rate = 100) 

96 97 99 102 101 105 
94 98 99 101 104 104 
99 95 101 101 101 103 

(continued) 
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TABLE 13 Index number by parental age, for specified survey populations, years, 

and childhood conditions (or performance) (continued) 

Parental age group 

Under 45
 
Survey population, years, and condition All ages 20 20-24 25-29 30-34 35-39 40-44 andover 

Birmingham, England, school children representing 
single births during 1950-54 (N - 48,913) tested 
for verbal reasoning in the standard school 
examination for children aged 11 and older. 

Average rate 

Un- Index number of verbal scores by maternal age 
Weighted weighted (unweighted average rate 100) 

-Allbirth orders 100 - - - -
Birth order 
1 103.0 104.0 93 97 101 103 104 102 
2 101.6 101.2 93 96 101 103 104 103
 
3 99.0 99.4 - 95 98 101 102 104 
4 96.8 96.9 - 95 98 100 102 105 
5 94.0 94.2 - - 97 100 102 101 

New York State, USA, children registered as 
blind before 1961, born between 1 January 
1948 and 31 December 1959. Expected based 
on a stratified sample of 2 of every 1,000 
live births during study period (N 231 
upstale, 322 New York City) Ratio of observed to expected :K100 by maternal age 

Upstate 100 146 95 78 107 118 --- 195 
New York City 100 94 92 106 97 119 --- 90-

Hawaii, USA, 1953 childihood mortality at R3te per 1,000
 
ages 1-4 from retrospective survey of all live births Index number ofmortality by maternal age (all ages - 100)


with at least one pregnancy (Nwomen 
6,039). 10.3 141 102 103 77 0 

British Columbia. Canada, registered handi­
capped children (N 4,711) plus child deaths 
(N -6,404) through 1958 among children born 
alive during 1953-58 (N -213,353). 

Average rate 

Un- Index number of child handicap by parental age 
Weighted weighted (unweighted average rate 100) 

Maternal age

Handicaps plus deaths per 1,000 live births 

All birth orders 5.21 6.34 98 80 75 81 88 113 165 
Birth order 

1 4.63 5.21 105 81 79 100 110 125 -
2 4.63 5.63 135 84 69 75 94 143 -
3 5.10 7.83 168 76 62 54 62 79 199 
4 5.57 8.26 196 99 67 61 54 63 160 

Paternal age 

All birth orders; 5.21 5.54 110 88 91 89 97 101 1241 

Handicapped children per 1,000 live births Maternal age 
All disease groups' 2.21 2.75 82 73 78 84 92 126 171 
Infective/parasitic (0 0 1-1 38 )" u U 94 115 92 108 79 73 ­

-
Allergic/metabolic (2 40-28 9)" Li u 79 93 123 102 76 70 ­
Mental/personality (300-326)" u u 78 83 88 91 131 376 625 
Nervous system (3 30-398)" u u 107 86 102 102 121 102 70 
Bones/organs of movement (720-749)" u u 122 109 98 93 77 103 101 
Congenital malformations (750-759)"" u u 102 91 97 107 105 140 209 
Early infancy (760-776 )" u u 88 92 99 130 85 78 -
Other u U 136 68 101 141 73 96 302 

Neoplasms (140-239)" u u 96 88 96 109 132 99 


u - unavailable. ,Age distribution significant at 1 percent New York State: (;olberg etal., 1967, pp. 
"Standardized within each paternal age level. 519-531. 

group for materal age distrib tion. suliCEs: H awaii: Yerush atmy et al., 1956,p. 88. 
"Age groulp 45-49. The index for age group fBaltimore: Institutionalized subjects, Lilien- Canada: Maternal age, Newcombe, 1965, 

50 and over is 123. feld and Pasa manick, 1956, Table 11. p. 97; paternal age, Newcombe and Tarendale, 
"Age distribution significant at 0.1percent Baltimore: IQ index, Lobl, Welcher, and 1965; handicapped children, Newcombe, 

level. Mellits, 1971, p. 355, 1964,pp.367-382. 
Numbers in parentheses are the Inter- Birmingham: Record etal., 1969, p.64. 

national Standard Classification Code. 
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TABLE 14 Studies on relationship between specified childhood disorder and maternal age at birth (or a surrogate) 

Survey population 
and years 

Baltimore, USA ward 
service live births after 
1January 1950 diagnosed 
with strahisrus (squint 
that renders binocular 
fixation impossible) up to 
1 October 196.1 

Baltimore, USA, births 
between 1935 and 1945, 

Baltimore, USA, 
children at ages 6-7 
years. 

Baltimore, USA, 
children at ages 8 and 
10 years. 

British Columbia, 
Canada, live births, 
September 1958-May
1965. 

London, England, 1947-
48, psychiatric palienls, 

Survey type and 
sample size 

Birth certificate 
linkage 
SUBJECTS: 406 
CONTROLS: 406 

Retrospective 
SUBJECTS: 205 

CONTROLS: 205 

Longitudinal (on--
going large-scale 
study of prematurity) 
SUBJECTS: 107 

CONTROLS: 350 


Longitudinal (on--
going large-scale 
study of prematurity) 
SUBJECTS: 

Unavailable 
CONTROLS: 

Unavailable 
(Presumably pursuit 
of birth cohorts) 

Longitudinal 
SUBJECTS: 502 

CONTROLS: 207 


Cross-sectional 
SUBJECTS: 500 

CONTROLS: 500 

Sample selection and 
characteristics 

SUBJECTS: Single-born 
children registered as 
having strabismus (bet 
no other diagnosed 
neurological disorder) 
in Baltimore eye clincs 
that serve essentially 
similar Negro population 
groups 
CONTROLS: Sin(le-born
children selected Iroi 
birth certificates and 
matched for date and 
place of birth, sex, and 
maternal age 

SUBJECTS: Boys with 

reading problems se-

lected fromi hospital
records with complete 
Information on complica 
tions of pregnancy an(d 
delivery, 
CONTROLS: Children 
without reading problems. 

SUBJECTS: Children with 
birth weight Under 2,001 
grains 
CONTROLS: Children with 
birth
weight over 2,500grams and matched by 

race, seasnn of birth, 

parity, hospital of birth,

and social class based 

on census tract data. 


SUBJECTS: Children with 
birth weight over 2,500 
grams but gestation 
under 38 weeks, 
CONTROLS: Children with 
birth weight over 2,500 
grams but gestation full
 
term.
 

SUBJECTS: Low birth 
weight children (under 
2,041 grans) born in 
Vancouver General 

Hospital. 

CONTROLS: Children of 

birth
weight over 2,500 
grams born in same 
hospital and matched by 
social class of subjects. 

SUBJECTS: Psychiatric 
patients aged 15 and 
over selected randomly 
from 2,500 such patients
in London Hospital 
CONTROLS: Physically ill
in-patients in same 
hospilal selected ran-
domly and matched for 
age and sex (and, less 
reliably, for social class). 

45 

Relationship investigated and findings 

(1) Birth weight and strabismus, 
(2) Perinatal disorders and strabisMus. 
FINDINGS: (1) "Case infants were lighter even 
when gravidity was controlled, suggesting a 
direct association of strabismus with birth weight"
(Goldstein etal , 1967, p. 227). 

Percent 
Birth w eight . . . . .. 

(grams) Subjects Controls 
t,500 or less 3.2 05 
,00 or less I 05 

2,000 or less 11 1 2.7 
2,500 or tess 20.2 12.1 

(2) Mothers of strabismic children had no more
complications of delivery than control mothers 

Reading disorders and maternal complications
 
during pregnancy and delivery.

FINDINGS: Among subtects, mothers of 16.6 per­
cent had been exposed to two or more com­
plications compared with 1.5 percent among 
controls. "Children with reading disorders had a 
significantly larger proportion of premahre births 
and abnormalities of the prenatal and paranatal
periods than their control subjects" (Kawi and 
Pasamanick, 1958, p 1423) 

Psychological score (composite based on six 
measures including to, motor development. draw­
a-person, and visual and motoi coordination). 

FINDINGS: 	 PercentComposite score 
(Group 1-high) Subjects Controls 

Group 	1 5 27 
2 15 24 
3 21 22
 
4 35 18
 
5 24 9
 

"Premature children are psychologically impaired. 
...Such impairment is not secondary to 
personality trait disturbances" (Wiener et at,
1965, p 443) 

Premature birth of adequate weight and IQ.
FINDINGS: Subjects had'significantly lower 1os 
than controls. Thus, prematurity makes a 
difference even if birthweight is adequate. 

Low birth weight and composite developmental 
and IQ scores at child ages 3, 6, 12, 18, 30, 48, 
and 78 months. 
FINDINGS: Low birth weight children perform less 
well than natched controls, at east through 
infancy. At age 48 months, only high social class 
children had caught up to controls. 

Maternal age at birth of subjects compared with 
controls. 
FINDINGS: Maternal age 

Subjects Controls 

Median 30,74 (±0.36) 29.53 (±036) 
Mean 31.14 (±0.28) 30.10 (±0.29) 
Standard deviation 6.35 (-0.20) 6.42 (±0.20)
Difference between means - 1.04:.*: 0,404 

I -=2.5, p -:01 

(continued) 



TABLE 14 Studies on relationship between specified childhood disorde and maternal age at birth (or a surrogate) (continued) 

Survey population Survey type and Sample selection and 
and years sample size characteristics Relationship investigated and findings 

United States, around Cross-sectional SUBJECTS: Problem- 10 (Stanford Binct) and m r:iternll ije itbirthl of 
1930. SUBJECTS: 1,045 cases of Institute of socially maladjusted juveniles. 

CONTROLS: None Juvenile Research. FINDINGS: "There is no noticeable difference in 
CONTROLS: None, the intelligence of [children of] young mothers 

and of old mothers (Thiii'tonf ii liikiris p 45) 

souRicEs: 

Baltimore: Goldstein et al., 1967, pp. 217-


228. 

combined, the lowest handicap plus 
death rate was for the maternal age 
group 25-29. Controlled for birth 
order, t'.,eshift with increasing order 
from a J to a reverse J attests to the 
importance of birth spacing. 

By disease category, handicaps 
that proved to be statistically sig-
nificant in relation to maternal age 
were nental, psychoneurotic, and 
personality disorders (International 
Classification Categories 300-325), 
with P < .001, and congenital mal-
formations (categories 750-759), 
with P < .01. 

MENTAL PERFORMANCE 
Just as British Columbia children 
seem to be the most thoroughly an-
alyzed for the relation between pa-
rental age at birth and physical 
handicaps, the ongoing longitudinal 
studies of Baltimore births seem to 
provide most of the data linking ma-
ternal ag2 and mental performance. 

Of the seven studies in Tables 
13 and 14 on the subject, five are 
based on Baltimore data. In the 
study comparing the maternal age 
distribution of 404 institutionalized, 
white mental defectives among 
1941-1948 Baltimore births with 
the distribution of all white births in 
the same period (see Table 13), 
mothers of defectives were overrep-
resented in the under 20 and over 
35 age groups (by 21 and 46 per-
cent, respectively) and underrepre-
sented in the age groups 20-34. 
Controlled by birth order, overrep-
resentation of young mothers of de-
fectives increased with increasing

birh(ilinfldrde ndPasm-birth order (Lilienfeld and Pasam-
anick, 1956). 

Baltimore: Kai and Pasamanick, 1958. 
Bahiimore: Wieneret al., 1965. 
Batinmre: Wiener, 1970. 

Another Baltimore study of 205 
boys with reading problems (see 
'Fable 14) revealed that 16.6 percent 
of their mothers had been exposed 
to two or more complications during 
pregnancy and delivery compared 
with 1.5 percent of the mothers of 
a control group2 (Kawi and Pasam-
anick, 1958). A third Baltimore 
study (see Table 14) tested low 
birth weight children at ages 6-7 
years and a control group of ade-
quate birth weight, matched by age, 
race, season of birth, parity, and 
social class, for a composite psycho-
logical score (including IQ, motor 
development, draw-a-person test, 
and visual motor coordination), 
with the finding that "premature 
children are psychologically im-
paired ....Such impairment is not 
secondary to personality trait dis-
turbances" (Wiener et al., 1965, p. 
443). In another Baltimore study 
(see Table 14), children of adequate 
birth weight but immature gestation 
age, tested for IQ at ages 8 and 10, 
were found to have significantly 
lower IQs than matched controls. 
Thus, prematurity makes a differ-
ence even if weight is adequate 
(Wiener, 1970). 

A longitudinal study of children 
born in Vancouver General Hospital, 
British Columbia (see Table 14), 
compared the psychological and 
neuropediatric responses at ages 3, 
6, 12, 18, 30, 48, and 78 months of 
502 low birth weight children with 
those of a control group of adequate 

The section oil maternal complica-tions showed a direct relation between 

maternal age and maternal complications, 

Canada: Eaves tal., 1970.
 
England: Gicgory, 1958.
 
United States: "lhurstone and jenkins, 1931.
 

weight, matched for socioeconomic 
class based on father's occupation 
and education. The findings demon­
strated that low birth weight chil­
dren "perform less well than control 
children of full birth weight, at least 
throughout infancy," regardless of 
social class. Since the differentials 
were greater in the lower than in the 
upper classes, "the effect of low so­
cial class may compound the diffi­
culty which children of low birth­
weight experience" (Eaves et al., 
1970, p. 17). 

Two studies looked at IQ of pre­
sumably normal children in relation 
to maternal age (see Table 13). One 
was based on the verbal score 
achieved in the standard school ex­
amination for children aged 11 by 
48,913 single-birth children out of a 
total of 86,630 born in Birmingham, 
England, during 1950-1954 (Rec­
ord et al., 1969). Although the data 
imply a positive relation between 
score (the higher the score, the 
higher the intelligence) and moth­
er's age, for at least two reasons the 
implication is unwarranted. First, 
the investigators concluded that "the 
striking association with maternal 
age and birth order . . . is deter­
mined mainly by differences be­
tween rather than within families" 
(Record et al., 1969, p. 65). Second, 
the research design, by omitting 
children incapable of going to school, 
can conceivably produce findings 
contrary to expectation. 

The second study was better de­
signed in that the children, again in 
Baltimore, were followed from the 
time their mothers registered for 

prenatal care. Tested for IQ (Stan­
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ford-Binet) at ages between 3 years 
9 months and 4 years 3 months, 
among both blacks and whites "in-
tellectual functioning and birth 
weight increased with maternal age" 
(Lobl, Welcher, and Mellits, 1971, 
p. 355 ). In this study, the investiga-
tors recognized that the findings re-
lated to the surviving children in the 
study pOpulation, but again, the se-
lecting out of dead children from the 
sample necessarily renders the find-
iugs tentative )r ven suspect as far 
is the relationship between child's 

IQ and maternal age is concerned, 

PsYcnoI,OCCAL OR BEIIAVOR 
PATTERNS 

In this area, very little is available 
in relation to parental age. The Lon-
don Ilospital study (see Table 14), 
which seems well designed and ex-
ecuted, found a statistically sig-
nificant difference in the average 
maternal age between psyclhiatric 
patients and a control group of phys-
ically ill patients from the same hos-
pital, matched for age and sex and, 
to some extent, for socioeconomic 
class. According to the investigator, 
the mean maternal age of the psy-
chiatric cases (31.14) exceeded that 
of the controls by 1.04 years. The 
diflerence, 2.58 times the standard 
error, implied a probability of only 
one in a hundred that so large a dif-
f'erence could have occurred by 
chance (Gregory, 1958). 

The Thurstone and lenkins 
study (see Table 14 ) found "no no-

ticeable difference in the intelli-
gence (Stanford-Binet IQ) of [chil. 
dren of] young and of old mothers," 
but cases were described merely as 

"problem" children, and there were 
no controls (19:31, p. 45). 

An unpublished study ( Brover-
mlan and Klaiber, 1968) found that 
"older and younger mothers give rise 

to offspring who are . . . weak auto-
matizers" (automatization being a 

measure of the rapidity with which 
a subject can reduce a routine task 

to a habit level). The hypothesis was 

offered that maternal hormonal age 
differentials subtly influence off-
springs' psychological processes. 
(This study, like the Thurstone and 
Jenkins one above, is referred to be-
cause of' the dearth of data on the 
relation between performance and 
parental age.) 

To conclude this section, a study 
of birth order, family size, and intel-
ligence among a total population of 
19-year-old men born in the Nether-
lands (Belmont and Marolla, 1973)
is worthy of note. Parental age was 

not considered, but the correlation 
between child's age, birth order, and 
family size has implications for 

parental age. The study is espe-
cially noteworthy because variables 
seemed reliably measured and tie 
data dealt with a total birth cohort 
at an age when family size could be 
assumed to be complete. It was 
found that within each family size 
group, intelligence decreased with 
increasing birth order. Moreover, for 
the same birth order, intelligence 
was lower the larger tile family size. 
Since the findings were controlled 
for social class, the inference can be 
drawn that for a given social class, 
the child's intelligence is maxi-
mized the fewer its siblings, or the 
earlier its mother stops reproducing. 

DEMOGRAPHIC IMPLICATIONS 
OF ELIMINATING BIRTHS AT 
AGES OF REPRODUCTIVE 
INEFFICIENCY 

According to Coale (1972), 75 per-
within acent of fertility is produced wgrowth, 

16-year period. Suppose, then, that 
women were to reproduce only dur-
ing the 15-year period from age 20 

through age 34. What would tie 
demographic impact be? Even for 
the short run this is a complex and 
speculative question, outside the 
main scope of this paper. However, 

given tile concern over the current 
high rate of' world population growth 

and the attendant efforts to reduce 
high fertility, the question deserves 

some consideration here. 
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An upsurge in births at age 20 is 
one likely consequence of forgoing 
births at an earlier age, and, in an­
ticipation of zero fertility after age 
34, women might attempt before 
that age to compensate for "lost" 
births.'' Nevertheless, two consid­
erations suggest that, in the short 
run, little alteration in tile present 
20-34 fertility schedule would result 
from limiting reproduction to this 
age interval. One consideration con­
cerns the developirg world where, be­
cause much of the differential be­

tween the biological capacity to re­
prIoduce and actual fertility stems 
froni cultural practices and taboos 
that are unrelated to conscious fertil­
it)' control, ceteris paribus,the capac­
ity to increase fertility can be consid­
(red minimal. As for the developed 
countries, much of tie childbearing 
at the upper and lower ends of the 
reproductive age span represents un­
wanted or out-of-wedlock fertility, 
which, if' averted, is not likely to be 
regarded as "lost." Of' course some 
premarital fertility may substitute for 
postmarital fertility, but the direct 
relationship found between total fer­
tility and the timing of' first births 
(Presser, 1971 ) suggests that the 
substitution effect is small. On this 
line of' reasoning, a gross measure of 
the short-run reduction in birth rates 
of averting births during the ages 
of reproductive inefficiency approxi­
mates the proportion that these 

=births represent of total births. 5 

"For a discussion of the relation be­
tween fertility schedules and population 

see in addition to Coale (1972), 
R. Lesthaeghe, 1971, "Nuptiality and pop.
ulation growth," Population Studies 25, 
,o. 3 (November); also, K. G. Basa­
varajappa and N. Belvalgidid, 1967, 
"Changes in age at marriage of females 
and their effect on the birth rate in 
India," Ewi./'ics Quarterly 14, no. I 
(M'irch).

Thae proprtion of' births in a given 
year occurring to mothers of different 
ages is not to be confused with the pro­
portion of women of specified age whe be­
(one nmthers in a given year. The former 
depends upon the latter hut also upon the 
relative number of women at different 
ages. The latter is the fertility schedule 
of a particular year, but it is hypothetical 
to suppose that any woman follows it 
throughout her childbearing years. 



FIGURE 15 Percent of live births born to mothers under age 20 and age 35 and over, for selected countries and years 
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SOUHiCEUnited Nations, 1971, Table 14. 

Available data on births by age 
of mother suggest that about 25 per-
cent of births are to women who 
have not yet reached or are already 
beyond the favorable childbearing 
years. As shown in Figure 15, the 
range in the proportion of live births 
to women below age 20 and aged 35 
or more is from 17 percent (Tai-
wan) to 38 percent (Dominican lie-
public) among 17 developing con-
tries selected for availability of re-
cent data on annual births by age 
of mother. In 11 of the 17 cases, the 
figure exceeds 30 percent. 

Among nine developed countries, 
selected to represent different geogra-
phies, types of economy, and levels of 
fertility, the proportion ranges from 
6 percent in Japan to 25 percent in 
the United States. Although usually 

classified as developing, Taiwan and 
Singapore typify the developed pat-
tern, while the United States and 
Bulgaria are more typical of less de-
veloped societies in the proportion 
of births to teenage mothers. Whether 
it is the older or the younger mother 
who contributes the greater part of 
the births at unfavorable ages is 
quite variable among both developed 
and developing societies. The most 
striking case is Japan, which, with 
94 percent of its )irths concentrated 
in the 20-34 age group, offers con-
vincing evidence of the capacity of a 
human lpol)ulation to limit its repro-
duction to the maternal ages of' opti-
moo efficiency. 

A woman reproducing in accord-
ance with the recent world aver-
age age-specific fertility schedule 

(Frejka, 1973, p. 221) would pro­
duce a total of 4.74 children, 3.37 in 
the age interval 20-34 and 1.37, or 
29 percent, in her other childbearing 
years. Suppose tile latter were elimi­
nated with no change in the present 
schedule of' fertility for the age 
group 20-34. The effect on the aver­
age (mean) age of childbearing 
would be trivial-a one-year reduc­
tion, from age 28.6 to 27.6 for a 
woman pursuing the schedule, or, 
for all women now of reproductive 
age, from 27.6 to 27.2 years. This is 
ain important consideratiol because 
a lowered average childbearing age 
acts to increase the intrinsic birth 
rate, and thus to offset, in part at 
least, the effect of reduced fertility. 

Although limiting births to the 
age group 20-34 would have a trivial 
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effect on the mean childbearing age, 
in te short run at least, it would 

produce a far from trivial decline in 
the world birth rate from about 33 
or 34 (United Nations, 1970a, p. 
19) to perhaps 25 per thousand 
population, on the assumption of 
little alteration in the fertility sched-
ule in the 20-34 age group. Of' 
course the crude death rate would 
also decline because of Ihe reduction 
in maternal, infant, and child motr-
tality, let us say from aboutt 13 to 
11. The effect on the growth rate 
would be a drop from att estimated 

20 ( United Nations, 1970a) to about 
13 per thoIsaund I)OPI at ion per year. 

The impact of' this can be seen ill the 
fact that, at a growth rate of 20 per 
thousand per year, the population 
doubles in 35 years compared with 

53 years at a rate of' 13 per thousand 
per year. 

Policy questions concerning the 
neans by which to restrict fertility 

to ages 20-34 are beyond the scope 
ot' this paper, but the orders of matof th s he olderso."n ag-]l pel',but 

nitude of the probable short-term 
demographic changes suggest that 

the immediate effect of a 15-year 
nste ad of' a 30-yeart'reprod uctie 

period would be to bring relief to a
Xworld coping wit h rates

orldcoping with growthrates that 

retard economic dev'lopment and 

threaten nature's ecological balance. 
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