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Perinatal death and delivery of offspring of low birth weight or
low gestational age continue to be problems of public health concern in
spite of previous research into these problems. This study applied
some new and standard statistical techniques in order to determine the
effects of selected demographic, medical and obstetrical factors on the
above mentioned perinatal outcomes. ’

Te;ts of homogeneity indicated that the four obstetrical factors
(abruptio placenta, complications of cord, placenta previa and premature
rupture of membranes), race, type of obstetrical service and six of
the eight &edical factors (anemia, diabetes, hypertensive vascular,
renal, sickle cell and toxemia) were highly associated with perinatal
death, low birth weight and low gestational age. Stepwise regression
analyses showed that the regressors for obstetrical factors and race
were the first two regressors to enter the stepwise processes (indi-
cating the two highest product moment correlations) for each of the
three perinatal outcomes as compared to the other regressors for the
demographic and medical factors.

Multi-stage analyses of the effects of the five demograpnic

factors (sex of offspring, race, type of obstetrical service, maternal

age and parity) on each perinatal outcome focused on the following

types of effects:



(1)

(2)

(3)

(%)

(5)

(6)

Overall mean perinatal outcome (required one degree of
freedom) .

Main effects of the five demographic factors (required seven
degrees of freedom).

Two factor interactions of the five demographic factors
(required eighteen degrees of freedom) .

Three factor interactions of the five demographic factors
(required twenty-two degrees of freedom).

Four factor interactions of the five demographic factors
(required thirteen degrees of freedom).

Five factor interaction of the five demographic factors
(required three degrees of freedom).

The following effects were considered important with respect to

perinatal

(1)

(2)

(3)
(4)

(5)

mortality:
Main effect of race (required one degree of freedom).

Main effect of maternal age (required one degree of
freedom since the linear component was most important).

Main effect of sex (required one degree of freedom).

Three factor interaction of race X age X service (required
three degrees of freedom).

Three factor interaction of race X age X parity (required
three degrees of freedom).

The following effects were considered important with respect to mean

birth weight:

m
(2)

(3)
(4)

(5)

Main effect of race (required one degree of Freedom).

Non-monotonic main effect of maternal age (required two
degrees of freedom). .

Main effect of sex (required one degree of freedom).

Three factor interaction of race X age X service (required
three degrees of freedom).

Three factor interaction of race X age X parity (required
three degrees of freedom).



The following effects were considered important with respect to mean

gestational
(1)
(2)

(3)
(k)

(5)

age:
Main effect of race (required one degree of freedom).

Main effect of maternal age (required three degrees of
freedom) . .

Main effect of sex (required one degree of freedom) .

Three factor interaction of race X age X service (required
three degrees of freedom).

‘Three factor interaction of race X age X parity (required

three degrees of freedom).

Multi-stage results obtained from modified Mantel-Haenszel

analyses revealed that most of the medical and all of the obstetrical

factors studied should be considered as indicators of high risk of per-

inatal death, low birth weight and low gestational age.
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CHAPTER |

INTRODUCTION TO PERINATAL OUTCOME AND

A REVIEW OF THE LITERATURE

The intent of this introductory chapter is to present a review
of the literature regarding perinatal outcome and to note that peri-
natal mortality and those factors which are thought to be associated

with its occurrence constitute a continuing public health problem.

1.1. Perinatal Mortality--A Public Health Problem

Maternal and infant mortality rates declined markedly during the
twentieth century, especially during the first half of it. These
reductions were attributed to:

(1) medical procedures which were directed against specific

biomedical causes of death,

(2) improved standards of living and environmental hygiene, and

broadening coverage and use of health care services. [1]

Reduction in maternal mortality was swift since maternal mor-
tality was dominated by a single cause (viz.; puerperal sepsis) which
responded to a specific treatment--the sulphonamides which were dis-
covered in 1935. [2] The maternal mortality rate for 1967 was 28 per
100,000 live births, and was the lowest maternal mortality rate ever

recorded for the United States. [3] Although maternal mortality is

currently at a low level, reports from maternal mortality committees

indicate that at least one-half of such deaths are preventable and that




hemorrhage, toxemia and infection account for 75 per cent of maternal
deaths in the United States. [4]

Since the United States' maternal mortality rate is less than
1 per 1,000 live births, investigators concerned with community diag-
noses employ fetal, neonatal and infant death rates as indices of what
communities are doing regarding their health problems. {in 1967 there
were 79,028 infant- deaths in the United States; in addition there were
another 54,934 registered fetal deaths of 20 or more weeks gestation.[3]
These 133,562 deaths represent a health problem of continuing concern.
A natural! question to ask is: Can means of achieving a substantial
reducticn in these rates be found and applied? Data compiled by the
National Center for Health Statistics and'those gathered by state and
local health departments in conjunction with, and/or supplemented by
epidemiological stuaies can provide a system wirouyir whichi Liese ncai L
problems can be further studied in an attémpt to provide answers to the
critical questions of who, what, where, when and why.

Investigators of pregnancy outcome usuaily consider the period of
infancy as being composed of fetal, neonatal and postneonatal sub-
classes. These subclasses have been defined in various ways. The
World Health Organization (WHO) recommends that the term ''fetal death'
be used for all pregnancy terminations which show no evidence of life
after complete expulsion or extraction from the mother. Some.investi-
gators prefer to limit this term to the death of a fetus weighing at
least 500 grams, while others include deaths of fetuses of at least
20 {or 28) weeks gestation under this heading. Most writers define a
necnatal death as a death of a liveborn infant within the first 27 days

of life. Hence & postneonata! death usually refers to a death of a



liveborn infant during the period from the twenty-eighth day through
the remainder of the first year of life.

Factors affecting fetal and neonatal mortality are thought to be
mainly prenatal and natal, or biological. Those for the postneonatal
period are thought to be more influenced by environmental than bio-
logical factors. For instance, many deaths which occur shortly after
birth are the result of congenital malformations and chromosomal aber-
rations. At this time most of these deaths are not preventable. How-
ever, many deaths after the first week or first few weeks of life are
due to preveﬁtab]e factors, hence a considerable reduction in post-
neonatal mortality should be possible. For example, about LO per cent
of those who die after the first week of 1ife, but during the first
year, die of infections. [1]

The mortality rate for the first four weeks of life ig extremely
high when cBmpared to the mortality rate for the first year of life.
In 1967 the infant mortality rate for the United States was 22.4 per
1,000 live births. [3] The rate for those who died under 28 days of
age was 16.5. This comparison becomes more striking if one notes the
distribution of mortality rates by age shown in Table I.

Many writers have reported that similar factors are associated
with fetal and neonatal deaths. It has become popular to g?oup these
deaths under the term "perinatal mortality." This concept, perinatal
mortality, depends on the supposition that most infants who are born
dead or who die during the neonatal period do so as the direct or
indirect consequence of factors which were present before or during
birth. Studies of perinatal mortality have usually been approached by

examining factors which were hypothesized to be associated wi th



TABLE 1.--Mortality Rates per 1,000 Live Births by Age Groups,
United States, 1967 ' .
Age 9roup Mortality rates per 1,000 live births
Neonatal: - 16.5°
Under 1 day 9.6 1
1-6 days 5.3
7-27 days 1.5
Postneonatal 5.9
infancy 22.4

2Round of f error, the three components add to 16.4, not 16.5.

Source: Vital Statistics of the Unitéd States, 1967, Vol. | and
Vol. Il,--Part A, cited by Helen C. Chase in a report to
. the Board of Médicine, National Academy of Sciences,

Spring, 1970. :

causative mechanisms. These factors have bean classifiad, hy some ‘.
investigators, as encompassing two broad categories--biological and

environmental. |In general, these two classes of factors are not

independent; hence, the study of one factor to the exclusion of the

other is usually avoided.

1.2. Perinatal Mortality Defined

The term, perinatal mortality, was .introduced by Peller [5] to
include fetal deaths and mortality during the first week of life
although the term, ''combined infant loss,' was used before him by
Yerushalmy et al. [6] to include fetal and neonatal deaths. A review
of the literature regarding perinatal mortality reveals that this term ,
has been defined in several ways. [5, 7, 8, 9] In general, the peri-
natal mortality rate for a given time interval can be written as
®

follows:



Fi + N,

=L .
PMRiJ. Fi+LB x (1,000)

where LB = the number of live births in a given time interval

Fi = the number of fetal deaths of i or more weeks gestation
in a given time interval

N. = the number of neonatal deaths during the first j days
J after birth in a given time interval

The gestational periods (in weeks) most frequently used
for Fi are i > 20 or i > 28

The age (in days) most frequently employed for N. are
j<7orj<28. ]

1.3. Perinatal, Postneonataland Infant Mortality Trends

Chase [10] reported that when perinatal mortality rates for the
United States and six West European countries (Denmark, England and
Wales, The Netherlands, Worway, Scotland ;nd Sweden) were compared for
the period 1935 through 1964 the trends were similar and the United
States had the third highest perinatal mortality rate. Greenberg (1]
noted several statistical artifacts which render comparisons of United
States' fetal mortality rates (hence also perinatal mortality rates)
with European countries as biased against the United States. However,
the rates which Chase reported were adjusted for estimated under-
registration of fetal deaths in the United States, for deaths tabulated
by calendar days in Denmark, The Netherlands and Sweden and for infants
who died prior to registration in The Netherlands. Chase [10] also
observed that the United States had the lowest fetal mortality and the
highest mortality for infants under one day of age. The postneonatal
mortality rates for the United States from 1941 to 1951 were the second

lowest; whereas from 1958 to 1964 the United States had the second



highest rate and there has been virtually no improvement since 1955,

Infant mortality rates for the United States declined at a fairly
constant rate for the first half of this century. The rate of decline
slackened during the period 1955 to 1965. The data for 1966 and 1967
suggest the rate may again be beginning a more rapid decline. Chase
estimated that if the infant mortality trends experienced during the
period from 1950 to 1962 were to continue, in 1975 the infant mortality
rates for the countries considered would be as noted in Table 2.

TABLE 2.--Infant Mortality Rates per 1,000 Live Births‘by Country,
Projected to 1975

Country ] Infant mortality rate per 1,000 live births
The Netherlands 9.4
Sweden 10.7
Norway ‘ 1.4
Denmark - | 13.0
England and Wales 14.0
Scotland 16.5
United States: 22.0
White 18.5
Nonwhite ' 38.6
Source: Chase, H. C. 'Perinatal and Infant Mortality in the

United States and 6 West European Countries,' American
Journal of Public Health, 57 (1967), p. 1735.

The rate would be highest for the United States and lowest for The
Netherlands. The rate for the white population in the United States
would exceed the overall rate for each of the other countries.

Figure 1 presents fetal, neonatal (under 28 days), postneona@al
and infant mortality rates for the United States from 1935 to 1967.

The graph for each rate depicts a downward trend since 1935. Infant
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mortality dropped about 60 per cent since 1935. The greatest relative
decline was in the postneonatal period--75 per cent. If one employs a
common comparison of 1967 to 1942 (data for all four rates were avail-
able as of 1942) then a decline of 39 per cent is noted for the fetal
period, a decline of 36 per cent for the neonatal period, a decline of
60 per cent for the postneonatal period and a 45 per cent decline for
the period of infancy. Wells [12] reported that the decline in mor-
tality over time has not been as rapid in fhe early part of the neo-
natal period as in the latter part of this four-week period. He
hypothesized that better prenatal and obstetrical care results in the
delivery of a poorly developed live infant which formerly would have

died antepartum or intrapartum.

1.4, Role of Prematurity in Perinatal Mortality

Causgs of fetal and neonatal death have been linked to the concept
of viability. Baird [13] reported that early onset of labor and sur-
vival of low birth weight fetuses are majo} problems which require
solution,

The WHO definition of a premature birth includes all liveborn
infants with a birth weight of 2500 grams ér less. This is a defini-
tion of low birth weight and is one of convenience based on the rela-
tive ease and accuracy of birth weight determination. Yerushalmy
et al. [14] reported that Y1ppo, in 1920, was the first to suggest a
birth weight of less than 2501 grams as the criterion for prematurity
and that VYlppo was aware that the selection of this value was somewhat
arbitrary.

The concept of prematurity has evolved over the years; currently,
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it refers to a pregnancy which terminates before the fetus experienced
full intrauterine development. In 1961 the Expert Committee on Mater-
nal and Child Health of the WHO recommended that the concept of pre-
maturity in its definition should give way to that of low birth weight,
viz., a birth weight of 2,500 grams or less. [15]

Much has been written on the epidemiology of prematurity, yet
Baumgartner and Pakter [16] stated that the basic difficulty which
remains is that so little advance has been made as regards prevention
of premature labor and premature birth. The majority of fetal deaths
and two-thirds of neonatal deaths are associated with prematurity, also
about 50 per cent of premature births present no apparent cause for
their occurrence. [17]

Low birth weight has been considered as an unfavorable outcome
of pregnancy because it contributes to ear1; infant mortality and to
a high incidence of subsequent physical and behavioral abnormality.
Although only 7.8 per cent of live births for the United States in 1967
were premature in terms of the birth weight criterion, this figure
represented 274,635 live births. [18] Chase [19] found that -pre-
maturity is the most important effect on infant death since infant
deaths vary more widely by birth weight than by any other single
variable. Chase and Byrnes [7] observed the risk of death iﬁ the
first year of life among infants who weighed 2,500 grams or less was 17
times the risk among infants weighing 2,501 grams or more. Chase [20]
and Shapiro and Unger [21] reported that this relative excess risk, as
noted by birth weight, surpassed the excess risk associated with dis-

advantageous birth order, sex, age of mother, race or socioeconomic

level.
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Table 3 depicts for the United States' 1960 live birth cohort the
increased risk of death which low birth weight infants experienced
during the first year of life. As can be noted for the total and for
both the white and nonwhite populations, those infants whose birth
weight was 2,500 grams or less experienced substantially higher mor-
tality.

Chase [22] found that international studies involving birth
weight are hampered by the scarcity of birth weight information for the
West European countries. Strand [23] observed that in North America
and in most European pobulations low birth weight infants comprise
about one-tenth of the total births; of these, two-thirds are 'probably
prematur;“ and the other oﬁe-third are '"growth retarded.'" He men-
tioned that Gruenwald uses the term ''chronic fetal distress' when there
are signs cf growth retardation and the term “sub-chrdnic fetail uis-
tress" whe; there are signs of weight reduction. Hence, there have
been attempts to redefine what constitutes prematurity.

The WHO has adopted the criterion that if the birth weight is
not known, then a liveborn infant with a period of gestation of less
than 37 weeks in length is to be considered premature. The.1ength of
the period of gestation has also been subclassified as follows:

mid-trimester--less than 28 weeks géstation

preterm--from 28 to 37 weeks gestation

term--from 37 to 41 weeks gestation

postterm--42 or more weeks gestation. [24]

The length of the period of gestation presently is determined by
means of the nuhber of weeks between the date of the delivery and the
first day of the mother's last menstrual period (LMP). In 1968 the 37

registration areas in the United States began requesting information
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regarding the LMP on their live birth and fetal death certificates. .
This enables investigators to analyze the relationships between length
of gestation and other variables-currently listed on these vital
records.

Chase and Byrnes [7] observed a decrease in the proportion of pre-
term (less than 37 weeks gestation) infants born in the United States
from 1950 to 1967--11.1 per cent in 1950 to 6.7 per cent in 1967.
During the period covered by this study the gestational age was
recorded as the number of completed weeks of gestation. When gesta-

" tional age Qas.recorded as the number of completed weeks there were
major.distortions fn the distribution of gestational ages because of
over-reporting of certain periods, partiéu]ar]y at 36 and L0 weeks.
When the gestational age was so reported, 73.5 per cent of live birfhs
were assigned tc 40 weecks; and when gestational age was computed from
the LMP data only 22.8 per cent were assigned to 40 weeks. They con-
cluded this decline was due almost entirely to the introduction of the
LMP item on the vital records.

The usefulness of gestational information is limited by the
difficulty of obtaining accurate data on menstrual histories. Phy-
sicians are often dependent upon the accuracy of their patient's
recall; in gestational matters this dependency is nearly absolute and
if the woman had a history of irregular menses then the LMP date is at
best an informed estimate.

Regardless. of the problems of explicitly defining what consti-
tutes a premature birth, as noted above, the event of being born pre-
mature has emerged as a determinant in perinatal mortality. Since

determination of the duration of pregnancy is an informed estimate,
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studies have concentrated on birth wéight rather than on gestational-
age in attempts to relate prematurity to fetal maturity.

In addition to birth weighf and gestational age, other single
measures have been employed to study prematurity and its associated
excess risk to perinatal mortality.

The Apgar Score; a measure of viability; is a numerical expres-
sion of the condition of the newborn infanf at one or five minutes
after birth. It consists of a score of either 0, 1 or 2 points
assigned indjvidually to heart rate, respiratory effort, muscle tone,
reflex irritability and color. The Apgar Score is the sum of these
individual scores and ranges between a minimum of 0 and a maximum of
10 points. An infant with a score from S'to 10 points usually requires
no treatment; 90 per cent of live births have a score of 7 or more
after one minute. (17]

Resea;chers associated with the Collaborative Project on Cerebral
Palsy, Mental Retardation and Other Neurological and Sensory Disorders
of Infancy and Childhood found that the five minute Apgaf Score, in
conjunction with other characteristics of the newborn, was useful in
predicting neurological morbidity. [25] The Apgar Score is useful
since,in obtaining it, attention is focused on the conditiop of the
newborn infant. .Chase et al. [26] used the Apgar Score to discriminate
between neonatal death and survival. They found that the score when
used alone was helpful in the discrimination but it was not as sensi-
tive as a combination of other variables such as birth weight, gesta-
tion, sex, race and socijoeconomic status. They also noted that the
relative importance of the components of the score showed that the

heart rate was at least four times more important than the next
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valuable component which was muscle tone. Also, an optimal combination
of the components in the score should increase its sensitivity as a
predictor. They suggested that a new index, which combines birth
weight, gestation, sex and race in addition to the five-minute Apgar
Score should be explored regarding its discriminating power for neo-
natal death and survival.

A measure of the length from the vertex to the sole has been
claimed to be the most reliable single method of estimating maturity
or fetal age. [27] A crown-heel length of less than 47 centimeters
has been used as a criterion of prematurity. [28] However, Ellis and
Lawley [24] prefer to use the crown-rump length in preference to crown-
heel lenéth due to the difficulty in obtaining reliable crown-heel
measurements. They also reported that the survival of.the newborn is
iinked to the ability to breathe, to mainfain body temperaiure and
having an ;aequate digestive system.

It appears obvious that the concept of prematurity does not
refer to a single entity. At present there is no accurate and/or
feasible method by which to separate births due to premature labor from
full-term infants of low birth weight. Yerushalmy et al. [14] stated

It is difficult to formulate a satisfactory objective index

of adequacy of intrauterine development since the fetus can

be observed and evaluated only after the pregnancy is termi-

nated. One must therefore rely primarily on extrauterine
measures, The weight, length, certain circumferences and
period of gestation are some of the components which, singly

or in combination, may provide an index.

The inadequacy of a single index of prematurity has been recog-
nized by many investigators. Cavanagh and Talesman [17] observed that

gestational age and fetal length provide a more valid diagnostic cri-

teria for prematurity than birth weight; however, they also reported
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the main objections to these criteria lie in the practical difficulties
regarding accuracy of measurement. Yerushalmy et al. [14] presented
data for early infant loss employing birth weight and gestational cri-
teria. They found that infants fu]fillihg both criteria (less than 37
weeks gestation and 2,500 grams or less) were most vulnerable; those
meeting one criteria and not the other also suffered greater risks.
Even those least vulnerable (more than 2,500 grams and less than 37
weeks gestation) were exposed to a three-fold risk of early death com-
pared to the group that fulfilled neither of these criteria. Abernathy
et al. [29] reported that birth weight, gestation and crown-heel length
used jointly ware betfer discriminators of perinatal death and survival
than the combined effect of 25 other indépendent variables. Also, of
these three variables, birth weight was the most powerful, gestation
was next and crown-heel length the least important. They aiso con-
sidered these variables in pairs as discr}minators. Birth weight and
gestétion was the most effective pair, birth weight and crown-heel
length next and gestation and crown-heel length least effective. They
found that birth weight alone was a better discriminator than gestation
and crown-heel length combined. Furthermore, the addition of a third
index to any pair increased the discrimination power. A study conducted
in California [30] showed that birth wéight, birth length and gestational
age combined was a better predictor of neonatal mortality than birth
weight alone. An infant who was premature by two criteria had less
chance of survival than the infant premature by only one; the infant
premature by all three measures had the poorest prospect for being born
alive and surviving the first month.

Other writers employed combined indices of prematurity in their
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studies of perinatal outcome. Some of these are as follows:

(1) Birth weight of less than 2,501 grams and crown-heel
length of less than 45 centimeters [31],

(2) viable infant with two of the following characteristics:
crown-heel length of 35 to 46.9 centimeters, birth
weight from 1,000 to 2,499 grams, gestational age from
29 to 38 weeks [28],

(3) Birth weight of less than 2,501 grams and less than 45.7
centimeters in length with a head circumference of less
than 33 centimeters and with a gestational period of
from 28 to 37 weeks [32],

() If a male infant, a birth weight of less than five and
one-half pounds with a gestational period of less than
260 days; if a female infant, a birth weight of less
than five and one-quarter pounds with a gestational
period of less than 260 days [33],

(5) If less than 37 weeks gestation and/or less than 2,501
grams,[8, 14].

The choice of a single index or a cpmposite index of prematurity
s subjective to suwe degree. in some quarters such terms as pre-
mature, immature, small for gestational ége and others are being used
intefchangeably; whereas in others, each of these terms is given a
specific meaning. Hence the reader of the literature must familiarize

himself with these various frames of references.

1.5. Factors Associated With Perinatal Outcome

The literature abounds with studies of perinatal mortality and
prematurity. lInvestigators approach the problem from various points of
view. The sources of their data vary as do their methods of énalysés.
The following is intended to serve as a synopsis of the major factors
which have been found to be associated with prematurity and perinatal

mortality, albeit through the use of various sets of objectives,
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sampling frames and/or methods of analyses.

High Risk Populations

A review of the literéture reveals the major factors associated
with perinatal mortality are the same as those which influence preg-
nancy and delivery. A major purpose in studying perinatal mortality
is to identify the causes of disease states which may lead to the
morbid outcome. One method of approach would be to study the obstetri-
cal and medical history of parous populations, such that areas con-
ducive to the improvement of perinatal mortality would be thoroughly
explored. Hammound [34] réported that the causative factors which
most influence perinatal mortality can be divided into two groups.

One group comprises environmental factors which may be altered, for
example, income level and sanitary conditions. The other group con- |
sists of factors considered to be beyond the present sphere of pre-
ventive medicine, for example, sex of infant.

A study at the national level, to identify such factors and to
identify high ;isk groups has been conducted through supplementation of
official vital statistics by extensive background data gathered
throughout England, Scotland and Wales during the 1958 British Peri-
natal Mortality Survey. [35] This Survey gathered data regarding
the obstetrical circumstance and the sociobiologic background of 98 per
cent (16,994) of the single births which occurred in England, Scotland
and Wales during March 3 to 9, 1958 and of 94 per cent (7,117) of the
stillbirths and neonatal deaths in March, April and May, 1958. Results

of this Survey led to two conclusions:
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(1) outcome of pregnancy is influenced by circumstances

which reach back over many years and shape the woman's
health, physique and social experiences from her own
conception onward;

(2) if the pregnancy is one with a higher than average risk

of perinatal mortality it will require a commensurate
high standard of care to minimize the risk, though it
cannot alter the causal antecedents.

High perinatal mortality rates are reported for women who experi=-
ence toxemia or antepartum hemorrhage. Data noted in the literature
from the British Perinatal Mortality Survey show that if toxemia
occurred in the first pregnancy this increased the overall risk of death
in the subsequent pregnanﬁy by 39 per cent. [36] Data from the North
Carolina Fetal and Neonatal Mortality Study indicate that previous
obstetric complications are associated with high perinatal mortality
rates. [37] Shapiro et al. [38] observed that women with histories of
premature births or fetal deaths were twice as likely té have their
pregnancy terminate adversely than those with only mature live births in
the past. Shapiro and Abramowicz [39] reported that women with more than
one prior premature birth had 3 to 4 times the risk of having their
current pregnancy terminate with a low birth weight infant than women
whose prior pregnancies all ended in mature births. Their study showed
the most important component of loss and d?sability among pregnancies
was low birth weight. Yerushalmy et al. [hd] found a strong associa-
tion between the outcome of the immediately preceding and the present
pregnancy with respect to fetal, neonatal and infant deaths. They
suggested three distinct types of loss:

(1) biological, manifested in early fetal deaths,

(2) obstetrical, represented by late fetal and neonatal deaths,

(3) postneonatal infant deaths, influenced largely by
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environmental factors.
Shapiro et al. [41] hypothesized that certain women may be

regarded as more reproductively efficient. This hybothesis is based
on their observation that a majority of pregnancy losses (any pregnancy
which resulted in a fetal death, neonatal death, infant of low birth
weight, or one born with a congenital anomaly) were concentrated in a
relatively small group of women and even the type of reproductive loss
was selective--this selectivity extended beyond mortality to include

prematurity and congenital anomalies.

Age

The optimum age for childbearing appears to be between the ages
of 20 and 30 since during these years fetal, neonatal and perinatal
mortality rates as well as rates of prematurity are at a minimum. 18,
19] The highest such rates are noted in the extremes of maternal ages;
for example, for ages less than 20 and for those L5 or more years of
age. Rates of toxemia, rupture of the uterus, caesarean section,
ectopic pregnancy, malpresentation of the fetus and placenta previa
all increase as the maternal age increases. [42] Yerushalmy [43]
reported that fetal and neonatal mortality rates were highest at very
young father's age, low during the middle of father's ages and high

for older fathers.

Parity

Fetal and neonatal mortality rates by birth order for the 1960
United States Birth Cohort revealed an increased risk of death beyqnd
the first birth order. [6, 44] The neonatal death rate increased

with increasing birth order; the rate for the sixth or higher birth
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order was almost twice that for the first and almost three times that
for the second. These relationships held for both the white and non-
white populations although the rates for the nonwhijte population were
substantially higher. Several writers reported that premature births
occurred most frequently in primiparas and in births of fifth and

higher orders and were lowest among second pregnancies. 136, 45, L6]

Age and Parity

Eastman [47] reported that the influence of age on birth weight
was greater in women over 49 years of age and that of parity was
greater in parturients under 20 years of age. Krokfos et al. [48]
observed that parity at first exerts a greater effect as a factor which
increases the birth weight, but has a smaller effect from the fourth
parity onward. Data from the National Center for Health Statistics
[18] showed variations in the proportion of low birth weight infants
by age of mother were related to differences in birth order distribu-
tions within each age group; and that weighf at birth was most favor-
able when maternal age and birth order were highly correlated. The
highest proportion of low birth weight infants were among high-order
births to young women and low-order births fo older women. However,

other writers |45, 49, 50] noted that age and parity exhibited inde-

pendent effects on birth weight.

Birth Interval

The Iength_of time between live births has been shown to be
associated with irnfant survival. [43, 51] The role of short intervals
between births as a factor in prematurity has been suggested since

rates of prematurity were highest in very young mothers of high parity.
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Terris [52], in referring tolDouglas' investigation of 13,257
single legitimate births of known birth weight which occurred in Gréat
Britain during a single week in March, 1946, noted that regardless of
the mother's age, the incidence of prematurity was significantly higher
for births which occurred within two years after a previous delivery,
At the other extreme? the rate of prematurity increased for birth
intervals over six years. Additional studieg are needed to confirm
Douglas' findings to rule out the possibility that the associations
which he observed may result from the operation of other factors.
For example, the interval between births is related to social class
since, for the United States, short birth intervals are more frequent
in wives of laborers than they are in wives of professionals. [53]
Yerushalmy [54] cautioned against using the interval between consecu-
tive live births in birth interval analyses and emphasized the impor-
tance of oQ}aining the interval of time from the termination of one
pregnancy to the beginning of the next conception to allow for abor-
tions and fetal deaths.

Two new }tems added to live birth and fetal death certificates
in 1968 were the ''date of last fetal death' and the ''date of the last
live birth." These additions provide supplemental information regard-
ing spacing between parous experiences; hence this item can be analyzed

in the light of other variables on these certificates.

Complications

Some complications of pregnancy which have been reported to be
associated with prematurity are premature separation of the placenta,

premature rupture of the membranes and toxemia. Shapiro et al. [55]
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noted that rates of certain complications of pregnancy were compara=
tively high among very young women (under 18 years of age) and for old
parturients (over L0 years of age). This relationship held for both
the white and nonwhite populations. They also reported that the rate
of complications increased sharply with increasing number of prior
losses when toxemia and placental complication rates were examined.
The complication rate was highest at the first biréh order, a sharp
decrease occurred for birth orders 2 and 3, and an increase was noted
for higher birth orders.

Complications of pregnancy and labor were 5pecffied for approxi-
mately 1 in 12 pregnancies (8.6 per cent) among the white population
in the Onited States between 1960 and 1962; the rate was somewhat
higher among nonwhite pregnancies--10 per cent. Shapiro et al. [55]
reported that this uvifference was almost entirely due tc the excess of
toxemia in the nonwhite group. They also noted that:

(1) comparison of fetal and neonatal death rates indicated
that the timing of the loss, intra versus extrauterine,
differed greatly from one type of complication to
another,

(2) among nonwhite women with more than one complication the
fetal death rate was moderately higher than the neonatal
death rate,

(3) fetal mortality was substantially higher than neonatal
mortality for toxemia, diabetes and prolapsed cord
conditions,

() the difference noted in (3) was in the same direction,
but smaller, for placental conditions.

Many studies have reported that acute or chronic maternal
diseases occurring during pregnancy and/or complications of pregnancy
and labor affect the infant's birth weight--they generally have a

lowering effect. However, maternal diabetes is a predisposition for
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infants of high birth weight. Donnelly et al. [56] analyzed data from
the North Carolina Fetal and Neonatal Mortality Study and reported that
most of the complications studied resulted in a significant increase
in the frequency of premature live births, particularly the obstetrical
complications such as toxemia, premature separation of the placenta,

placenta previa and threatened abortion.

Toxemia

O0f the diseases occurring in pregnancy, toxemia has probably been
studied the most. Toxemia is one of the three principle obstetrical
killers, sharing this dubious distinction with hemorrhage and infec-
tion. Toxemia is associated with one-fourth to one-third of all
maternal deaths occurring in the United States. [57] Dexter and
Weiss [58] observed that the literature for toxemia is concerned
chiefly wiEb eclampsia. They also noted that the danger of convul-
sions in pregnancy was also mentioned in ancient Chinese, Egyptian and
Greek medical literature; and Hippocrates is quoted as saying that 'a
tendency to headaches, drowsiness, and convulsions is of serious prog-
nostic significance in pregnant women.'" Mussey et al. [59] concluded
that, to an appreciable extent, maternal ana infant mortality due
directly and indirectly to severe nonconvulsive (pre-eclampsia) and
convulsive (eclampsia) toxemia is preventable. They state that the
mortality due to damage of the Vascular and urinary systems 7s.also
largely preventable by early recognition and proper treatment of these
acute conditions.

Anderson and Lyon's review [60] of some 30 studies indicated the

incidence of toxemia among mothers giving birth to premature infants
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ranged from 1.4 to 29.9 per cent. ‘Such variation is no doubt a reflec-
tion of different definitions, diagnostié criteria; type of population
studied, as well as to incidencé of toxemia. Anderson et al. [61]
found that toxemia was more frequent in mothers of premature infants
but the difference was of borderline significance. Hendricks and
Brenner [62] reportéd that birth weight tended to be significantly
lower in toxemic patients, independent of parity, service and race, as
judged by comparing infants of toxemic pregnancies which were born at
a given week of gestation with infants of non-toxemic pregnancies born
at a given week of gestation. Haynes [57] observed that toxemia was
often experienced in subsequent pregnancies and in younger women, or
those who had a multiple pregnancy, or Qho suffered from diabetes
mellitus, or who had a family history of pre-eclampsia, were especially

prone.

Hemorrhage
Abernathy et al. [29] found that the means for birth weight, ges-

tation and crown-heel length were higher for infants of mothers without

obstetrical complications and with normal placental and cord conditions.

Strand |23] noted that knowledge regarding the fact that the placenta

can become inadequate in its function is not new since an article by

Williams reported as early as the eighteenth century that a considerable

number of papers had been published on this subject. Strand also
observed the nutritive, excretory and respiratory roles of the placenta
have been knowa for a long time but it is only during the last four
decades that the endocrine function has been established.

Mussey et al. [59] stated
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during Pregnancy and labor without serijous consequence to
the woman, though Occasionally jt leads to fetal death.
Complete Séparation of the normally implanted placenta is
rare and probably does not occur more than | in 500 preg-
nancies, it causes about one-half 4s many maternal deaths
as does placents previa, though the Per cent of both feta]
and maternal deaths jsg higher in this condition than jn
placenta Previa. Placenta Previa is due to the separation
of the placenta which js implanted in the lower uterine
Segment. It is one of the most frequent causes of
hemorrhage during the latter part of Pregnancy, the Jow
insertion occurs at the time of implantation, and placenta
Previa may be an occasional but undiagnosed cause of
abortion.

been found to be associate& with perinatal outcome are: acute infec-
tions (for example, rubella or poliomyelitis); chronic diseases such
as diabetes, cardic-vascular discases, Rh incompatibiiity; complica-
tions of lgbor and de]ivery such as prolapse of the cord, abnormal

presentation, or cephalo-pelvic disproportion.

Congenital Malformations

The word congenital means 'born together' or "born with'; hence
congenital malformations are those deformities, anomaiies, or mal-
formations which are present at bjrth even though they may not be
evident when the infant is born, Some writers limit the definition
to structura] diseases and defects which are noticeable at birth. How-
ever, many diseases and defects that appear after birth originate to
some extent during fetal life. |t has been Suggested that the term
""congenital malformation' pe used for gross Structural defects present

at birth and that microscopic malformations and metabolic or
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physiologic disturbances be covered by the broader term "congenital .
anomalies." [63]

Malformed offspring are born prematurely more than four times as
often as normally developed infants. [64] A high incidence of congeni-
tal defects has been reported for infants born to women immediately
after puberty and also toward the end of the reproductive period.
Hendricks [65] found the malformation rate was 22.5 per 1,000 live
births in women aged less than 15 years of age, 8.6 for the 15 through
19 age group, 7.1 for those aged 20 through 2k, and 6.4 for the 25
through 29 group; the incidence rose to 11.3 for those aged 40 through
LY, and to 26.0 for those aged 45 and over. similar findings have been

reported by pavis and Potter. [66]

Height of Mother

Peringtal statistics for Denmark indicate the pregnant woman's
build, especially her height, influences the outcome of pregnancy. {671
British studies (68, 69] have shown that taller women have fewer
premature infants but conclude this is 8 result of the high positive
correlation between height and better social class in that country.
Abernathy {45] found an increase in height éf the mother was associated
with an increase in birth weight and crown-heel length; he noted a

decrease in gestational age when the data were adjusted for birth weight.

I1legitimacy

Numerous studies present data which show the rate of prematurity
is high among unmarried mothers; they also note that this relationship
holds for both the whiteAand nonwhi te populations. The report of the

National Institute of Child Health and Human Development on IKey lIssues
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in Infant Mortality" noted

. « « We have learned to recognize that there are certain
characteristics of childbearing among poor people. They
start much earlier than middle class people, and they con-
tinue much longer. The interval between pregnancies is
shorter. There is a larger proportion of illegitimate
births among them, and this is associated with high infant
mortality rates, but does not need to be. Some years ago,
Lo per cent of the women delivered at D. C. General Hospital
had no prenatal care and that 21 per cent of the births
there were of low birth weight. At the same time, among
several thousand girls in the Florence Crittenton Homes,
the low birth weight rate was only 5 per cent. These girls
were primarily from middle class homes, and 90 per cent of
them were white. This illustrates that illegitimacy in and
of itself is not a factor in low birth weight births or in
infant mortality, but that a host of other interrelating
factors are involved. [1]

Toverud [70] found that the high proportion of the premature
births born to unmarried mothers was due to the social class of the
woman. While statistics vary from study to study, the case for indi-

“ cating illegitimacy poi 58 as a cause of p.i"cmaiurity anu/ul perinaial

death appears to be weak.

Multiple Birth

During tﬁe control week of the British Perinatal Mortality Sur-
vey, 206 pairs of twins and 4 sets of triplets were delivered among the
17,204 deliveries reported. Of the 412 twins born during this period
the perinatal mortality rate (excluding deaths which occurred after the
first week of life) was 10.9 per cent; the corresponding rate among
single births was 3.3 per cent. [2] S

The rate of multiple births per 1,000 live births for the United

- States in 1967 was 19.7; that for the nonwhite population was 24.6 and

the rate for the white population was 18.8. The multiple birth rate

' rises with the age of the mother to the 35 through 39 age group and

.
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then declines slightly. At ages 35 through 39 the chances of plural

birth were nearly two and one-half times as great as at ages 15 through
19. This relationship holds for both white and nonwhite births. Live
births occurring in twin and higher multiple deliveries have lower
birth weight and a larger proportion with periods of gestation of less
than 37 weeks. Over one-half of the twins and over three-fourths of
the triplets and infants in other multiple deliveries weighed 2,500

grams or less at birth. A similar relationship with plurality also

SRV

held for the proportion of births with gestational periods of less than

37 weeks. The percentages in 1966 were 6.3 for single live births,

|
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31.7 for twins, and 6L.k4 for other plural live births. [18]
Brewer [71] found that multiple pregnancy was associated with a
higher incidence of a host of complications of pregnancy, including

metabolic toxemia of late pregnancy, hydramnics, prematurity and

-~

anemia.

Nutrition

Terris' [52] review regarding nutrition and prematurity led him
to conclude that the question of the relation between mate;nal nutri-
tion and prematurity remains unsettled. Siegel and Morris [72]
observed that the role which nutrition may play in pregnancy outcome

has been difficdlt to elucidate since nutrition and socioeconomic

factors are interrelated. They also stated

. . studies of nutrition and pregnancy outcome have been
confounded by coincident events, such as economic, environ=
mental, and psychological changes associated with wartime,
and by inadequate control of socioeconomic status, dietary
intake, and physiological characteristics of the subjects.
Another complicating factor is that stored nutrients, the .-
result of lifetime dietary experience, are utilized as well
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as those derived from the current diet. . . . Experience
suggests that starvation levels of dietary intake are
necessary to produce clear differences in outcome, and
experimentally starving pregnant women is obviously
impossible.
Prenatal Care

Several studies [36, 70, 73, 74] report high rates of perinatal
mortality and prematurity for women who receive little or no pre-
natal care; others [75, 76] note that the amount of prenatal care is
not a factor.

Eastman [77] found the apparent relationship of prematurity to
the number of prenatal visits should be viewed cauticusly since a

woman who delivers prematurely has less time to accumulate the number

of prenatal visits which would generally be considered adequate.

Race

Data for the United States in 1967 indicated the median birth
weight for nonwhite infants was 3,120 grams;this figure is 130 grams
less than that for white infants. There was a higher incidence of
prematurity among the nonwhite population (13.6 per cent versus 7.1 per
cent). [18] The national trend of prematurity rates between 1950 and
1967 reveals a gradual increasing proportion of low birth weight
infants for the nonwhite group; during this time interval thé rates for
whites remained relatively stable. The proportion of low birth weight
infants increased from slightly more than 10 per cent to almost 14 per
cent for nonwhite infants during this period, while the incidence
among white infants remained at about 7 per cent over the‘entire
period. Chase and Byrnes [7] concluded the divergence in trends was

not associated with changes in the distribution of maternal age or
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with the sex ratio of births nor with the proportion of plural births.
Table 4 presents fetal, neonatal, postneonatal and infant mor-
tality rates by race for the United States in 1967.A

TABLE L.--Fetal, Neonatal, Postneonatal and Infant Mortality Rates
per 1,000 Live Births by Race, United States, 1967

Mortality rate

Time period White Nonwhi te Ratio = Nonwhite/White

Fetal period 13.5 25.8 1.91

Neonatal period:

<1 day 8.7 14,2 1.
1-6 days 5.0 6.8 1.41
7-27 days 1.4 2.8

Postneonatal period:
1-5 months 3.5 9.2 2.63
6-11 months 1.1 2.9 2.55
Infancy - 19.7 35.9 1.82

Source: Vital Statistics of the United States, 1967, Vol. | and
Vol. II, Part A, cited by H. C. Chase in a report to The
Board of Medicine, National Academy of Sciences, Spring,

1970.

Nonwhite infants experienced excess mortality for each time
interval. Numerous studies have shown that nonwhites héve higher rates
of prematurity than do whites. YerushalmyAgﬁ_gl: [14] observed the
overall incidence of immaturity (infants which were premature by either
the birth weight or gestational criteria) among the nonwhite population
was twice that for the white population. Erhardt et al. [78] reported
that nonwhite infants experience better survival at low birth weights
than do white infants, whether survival was measured by neonatal of

perinatal rates. When they controlled for birth weight they noted that
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nonwhite infants experience better survival and that as far as duration
of gestation was concerned the better survival of nonwhite infants at
lower birth weights did not appear to be a function of more advanced
maturity. Shapiro [79] and Baumgartner et al. [80] hypothesized that
at early gestational ages thé nonwhite fetus matures more rapidly.

There have been recommendations to change the value of 2,500 grams
or less as a criterion of prematurity for nonwhite infants. Recommenda-
tions were made to lower it from 2,500 to 2,350 grams in view of the more
favorable neonatal mortality experienced among nonwhite babies of low
birth weight as compared to white babies of equivalent weight. (81, 82]
Erhardt et_al. [78] emphasized the need for a comparison of the develop-
mental sfages in utero by birth weight and gestational period to deter-
mine if infants of one ethnic or racial group mature either at earlier

gestatlional ages or at lower birth weignhts.

Sex

Birth weight varies by the sex of the infant. In 1967 the median
birth weight for males in the United States was 3,340 grams,that for
females was 3,220 grams. This relationship held regardless of race,
although the median weight for white female infants was greater than
that for nonwhite infants of either sex. The proportion of male
infants who weighed less than 2,501 grams was less than that for
females (7.5 per cent versus 8.9 per cent); this relationship held for
both racial groups although the proportions for nonwhite infants were
higher. [18]

Wells [12] noted that birth weight-specific mortality rates were

lower for females than for males and there was considerable evidence
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that female infants are physiologically mature at an earlier gesta-

tional age or.lower birth weight than males.

Smoking

Frazier [83] reported a positive association of low birth weight
and maternal smoking during pregnancy. Yerushalmy [84] found this
relationship hgld for both the white and nonwhite populations. Terris
[52] observed this.relation held regardless of maternal age. Herriot
et al. [85] found that rates of prematurity for both primigravidas and
multigravidas were higher for smokers than for nonsmokers in each of
three social groups. Siegel and Morris [72] reported that smoking is
not significantly associated with exéess fetal or neonatal mortality

or the incidence of congenital malformations.

Sociai Liass

Most studies which attempt to relate'social class and birth
weight note that when social class was lower than average, the birth
weight was also lower than average. Studies conducted by the North
Carolina State Board of Health concerning perinatal mortality by the
level of the mother's education revealed that perinatal mortality
decreased with increasing educational attainment of the mother; in
addition this relationship held for both white and nonwhite births.[86]
Studies by Shapiro et al. [38, 87] reported sharp differences between
white and nonwhite ward, private and prepaid-plan insurance births in
New York City. They noted greater concordance of outcome within each
medical care grouping than there was within each race. Hendricks [88]
also found that private patients resembled one another in their obstet-

rical performance more than they resembled their racial counterparts
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among the staff patients; both white and nonwhite private patient
groups had lower rates for perinatal mortality, low birth weights and
short gestational ages than did white and nonwhite staff patient
groups.

Studies regarding perinatal outcome which were conducted in Great
Britain [2] employ the occupation of the father as an index of social
class. They observed higher fetal and infant mortality in the lower
social classes. Baird [69, 89, 90] introduced the height of the mother
as an indicator of social class, hypothesizing that her height was a
good indicator not only of the social class of her husband but also a
reflection of the social class of her father.

Abérnathy [45] has stated

Social class is not a well defined entity but is usually

based upon a conglomeration of associated factors. Low

social class frequently carries Lhe connotation of iack of

education, little money, large family, inadequate food and

medical care, short birth intervals, crowding, and other
conditions conducive to premature labor. It is not sur-

prising then that social class is related to the incidence

of prematurity.

Work

Stewart [91] observed that work outside the home during the

latter part of pregnancy was a contributing factor to the risk of fetal

and neonatal mortality. Other studies have failed to find significant

associations between work per se and pregnancy outcome. [75. 76]

Other Factors

Other factors have been studied in relation to perinatal mor-
tality and prematurity. It is not the author's purpose to provide' a

complete review of all such factors. References 2, 92 and 93
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contain ample bibliographies regarding prematurity and perinatal mor-
tality. The reader who desires a more complete review should consult

these references.

1.6. Sources of Data

Studies regarding prematurity and perinatal outcome have utilized
various data sources.

Data gatherea through the vital statistics registration system
have been used by many investigators. Such data have their merits and
limitations. For instance, data gathered from vital records are useful
but too limited in scope for a thorough study of perinatal outcome.
Nevertheless, such data can provide a means for generating samples of
births and perinatal deaths which can then be investigated intensively
through mail surveys, personal interviews or by abstracting data from
medical reg9rds. An interesting aspect of. such retrospective studies
is that they can involve a variety of data sources, viz., the family,
hospital and/or physicians' records in addftion to the vital records.
Also of note is the fact that each decennium the contents of the stand-
ard certificates of live birth and fetal death are reviewed for change.
Proposed changes involve a compromise betweén the desire to add new
items for statistical and epidemiological purposes and practical
limitations inherent in documents whose main function is the registra-
tion of vital events for legal purposes. Since laws governihg.the
registration of vital events are state laws, changes which may be
desired for national studies would be slow to implement because
revision of 50 state laws might be involved. Due to the large number

of events there is a considerable time lag between the occurrence of
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the event and the publication of the data. For these and other reasons
some investigators choose other sourceﬁ of data in their research into
perinatal problems.

The following presents a brief discussion of the sources of data

and the research methodologies for 6 studies of perinatal outcome.

North Carolina Fetal énd Neonatal Mortality Sfudy

As reported by Abernathy et al. [29] this was a ten-year study
begun in 1954 as a cooperative effort of the North Carolina State Board
of Health, the School of Public Health at the University of North
Carolina at Chapel Hill and the Departments of Obstetrics and Gyne-
cology at three teaching and three non-teaching hospitals in the state
of North Carolina. The objectives of this study were:

(1) to promote interest in fetal and neonatal mortality,

(2) to encourage study of their causative factors,

(3) to assemble information from which conclusions can be

drawn that would enable maternal and child health programs
to p}ovide concrete guidance in the reduction of fetal
wastage and neonatal deaths. .

A study schedule was completed on all perinatal deaths (the
design required the reporting of all fetal deaths when the birth weight
was 400 or more grams and for all neonatal deaths) which occurred in
the six participating hospitals and on a sample of survivors of the
neonatal period. During the ten-year period data were collected on
approximately 10,000 infants and mothers. The analyses confirmed that
the major factors associated with perinatal death are the same as those

which complicate pregnancy and delivery. The investigators noted that

.
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their data regarding deaths and survivors were representative only of
the exp;rience of the participating hosPEtals during the period of
study and inferences régarding prevalence of speciffc conditions could
not be made directly for the general population. However, the
relationships observed were considered as indicators of the relation-
ships in general.

Collaborative Project on Cerebral Palsy, Mental Retardation and
Other Neurological and Sensory Disorders of Infancy and Childhood

A review by Berendes [25] noted this collaborative effort was
sponsored by the National Institute of Neurological Dfseases and Blind-
ness. This project was a prospective stu&y begun in 1959 which was
designed "to evaluate simultaneously many factors consjdered suspect in
pregnancy wastage and to study a variety of abnormal pregnancy out-
cones. The term ''piregnancy wastage' was used in an exfremeiy broad
sense; the definition included not only fetal, neonatal and infant
loss, but also prematurity, congenital malformations, cerebral palsy,
mental retardation, disorders of speech and language, certain sensory
disorders and minimal brain syndromes.

The study design entailed the prospective observation of 50,000
pregnancies to assure thé availability of at least 40,000 live births
for extensive follow-up.

The sample of live births was not representative of the total
United States nor of the cities in which the collaborating institutions
were located. The project involved the collaboration of 15 institu-
tions located throughout the United States. The offspring were studied
until each reached at least 7 years of age. Due to the seven-year

period of follow-up the collection of data will not be concluded until
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1972 since 1965 was set as the end-point of deliveries.

In many respects this project is the largest undertaking of its
kind. The unique features of the project are the large number of
variables and a study of théir longitudinal effects. In the course of
this investigation, the investigators are collecting and analyzing
thousands of measurements--clinical, laboratory and historical--for
each pregnancy and- its offspring. Professional personnel in 15 medi-
cal centers of the United States, drawn froh such diverse disciplines
as obstetrics, pediatrics, neurology, neuropathology, virology,
anesthesiology, audiology, ophthalmology, otolarngology, speech
pathology, pathology, chemistry, nursing, genetics, sociology, bio-

metry, psychology and epidemiology have joined to investigate the

broad problem of pregnancy wastage.

Study of Pregnancy Outcome and Childhood Disorders (HiP)

‘Shapiro [94] reported that the study of pregnancy outcome and
disorders in early childhood now under way-in the Health Insurance
Plan (HIP) of Greater New York represents an intensive effort to use
medical records in conjunction with vital records to investigate the
relationship between maternal conditions ana pregnancy wastage and
damage among the offspring. The study began in 1958 with the support
of the Association of Aid to Crippled Children, the Commonwealth Fund
and the Milbank Memorial Fund. Thirty-one medical groups associated
with HIP in New York City and Naussau County are cooperating in this
study. Enrollment in HIP was on a group basis. About 65 per cent of
members were enrolled through contracts with official agencies of

New York City. The next largest source of enrollment was union welfare
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funds which accounted for about 20 per cent of_HlP members.

The study population consistéd of all pregnant women in HIP who
were delivered by HIP doctors and whose LMP was between March 1, 1958
and February 29, 1960 togéther with offspring of these pregnancies who
were followed for two years after birth.

The primary purpose of this study was to determine the relation-
ships between:

(1) prematurity, congenital malformations, illnesses during

the first 2 years of life, mortality from time of conception
to the end of the second year of life,

(2) such factors as mother's age and social class, number and
outcome of previous pregnancies, seasonality, maternal
complications present before conception and in the prenatal
period and complications and opérative procedures of
delivery.

A subsidiary, but important, objective was to determine the probability
of medically known pregnancies which terminate in fetal death starting
with the early weeks of pregnancy.

Thirteen thousand pregnant women who received prenatal and
obstetrical care from obstetricians in the HIP and their offspring
constituted the study population. This was a relatively small sample;
while it permittéd analysis of relationships between broad classifica~
tions of characteristics and the relatively frequeﬁf outcomes of preg-
nancy, it was not sufficient for studying relationships involving

relatively rare outcomes.
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The Kauai Pregnancy Study

French and Bierman [95] presented a review of a pregnancy outcome
study which was conducted from 1953 to 1956 on the island of Kauai,
Hawaii. The population on the island was.30,000. The study was
designed to provide data regarding early pregnancies from 4 weeks ges-
tatibn onward to birth. Such data are not usually available; that is,
reports from pregnant women themselves as soon as they suspected they
were pregnant. The early reporting system enabled the investigators to
study pregnancies and early fetal losses more thoroughly than was pos-
sible through customary reports of vital statistics.

Due to the prospective nature of the study, losses which were
known to have occurred in the various months of pregnancy could be
related to well-defined groups of women known to be pregnant during
each interygl of gestation. This was accomplished through life table
methods of analyses.

Based on estimated rates of loss during successive months of
pregnancy, 24 per cent of pregnancies which reached 4 weeks gestation

ended in loss of the conceptus.

Fetal Life Study of the Columbia-Presbyterian Medical tenter

Mellin [96] reviewed this prospecti?é epidemiological study of
perinatal influences on fetal development and survival. The study
group consisted of 6,053 deliveries between 1955 and 1958 of expectant
mothers admitted to the antepartum clinic of the Columbia-Presbyterian
Medical Center within 4 months of the first day of their LMP. A study
record was initiated with a detailed interview of each patient. fhe

antepartum record was compiled from interviews repeated at each monthly
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visit to the antepartum clinic, plus a review of the hospital chart
and, when necessary, follow-up interviews to outside medical sources
by letter and telephoné. This study was a pioneer in the clinical-
epidemiological approach to studies of fetal life and pregnancy out-
come by means of direct prospective obsérvation.

The results of the study established basic data on the incidence
of congenital malformations by race and sex; fetal life tables, which
indicated survival as a function of gestational ages, were also

developed.

The Baltimore City Study

Frazier [83] reviewed this study which was based on prenatal data
obtained from 2,736 Negro women who delivered single liveborn infants
at the Baltimore City Hospital during 1959 and who received care in
prenatal clinics of the Baltimore City Health Department. This study
group was selected in an attempt to study an economically homogenecus
gfoup whose members received similar care during the prenatal period
and during delivery.

The sources of the data were three-fold:

(1) an interview concerning smoking history, work history, educa-

tion and psychosomatic complaints,

(2) prenatal clinic records,

(3) live birth and fetal death certificates.
The major finding of this study was a prematurity rate (as measured by
the birth weight criterion) of 18.6 per cent among women who smoked

before and during pregnancy--this figure was 64 per cent higher than

the rate of prematurity for nonsmokers.
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1.7. Some Factors to Consider When Reading the Literature
Regarding Perinatal Outccme

Type of Study

The previous discussion indicated that investigafors concerned
with perinatal outcome have conducted various types of studies. The
design of a study generally determines the types of hypotheses which
can be tested. |

Lilienfeld t97] noted that hypotheses are generally derived from

four types of studies:

(1) clinical observations,

(2) analysis of data routinely collected in various population
groups, such as vital statistics and data on the incidence
of reportable diseases,

(3) broad-ranging retrospective studies, which, despite their
limitations, are peculiarly adapted to exploring an entire
series of questions,

(4) laboratory studies.

He also mentioned that '"'. . . once a lead to a hypothesis has been
developed, it becomes a matter of testing a few specific questions in
a well-developed study. The ultimate appro;ch to such hypothesis-
testing is by well-developed human experiments--clinical trials."
Lilienfeld's points are sound but it should be mentioned that only in

special circumstances can one consider the possibility of conducting

clinical trials on pregnant women.

Selectivity

Sampling bias is probably the major stumbling block which con-

fronts the student of perinatal outcome. Problems of inference are
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encountered due to the inability to define the nature of the selec-
tivity, if any, which is associated with the particular #opulation
studied.

If selectivity is apparent then interpretations must be made with
caution. However, in some instances the evidence may be so overwhelm-
ing or consistent in many different settings that there may be little
reason to doubt the existence of the associations noted--even though

their strength may not be precisely established.

~ Statistical Techniques

Several statistical techniques have been employed to analyze data
regarding perinatal outcomes. It is not the purpose of this intro-
ductory chapter to comment on the appropriateness of these techniques;
rather, the intent is to inform the reader of those techniques which
have been used. The following are some of the techniques which have
been used (The references which are cited are not intended to be
inclusive but rather to serve as examples of the méthods.):

(1) standard rates and ratios [83, 96, 98]

(2) Life table techniques [38, 95]

(3) Chi-square methods [12, 99]

(4) covariance models [12, 44, 99]

(5) Discriminant models [100, 101, 102]

(6) Multiple regression [29, 3k, 45]

(7) Multivariate analyses [29, 45, 103, 104]

Efforts to apply statistical methods to data relating to peri-
natal outcome are complicated by the number of factors involved and by

the interdependence of many of the factors. The difficulty of
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controlling so many variables makes the relative importance of the
contributing factors difficult to assess even when sufficient data

are available to allow fine categorization of the factors.

Level of Measurement of the Variables

Many variables with which researchers of perinatal outcome have
to contend are discrete. Many are not normafly distributed. In such
cases one has at least three choices:

(1) use statistical methods which were developed for normal
variables but consider the values merely as approximations,
the strength of the approximation varying with the diver-
gence from normality,

(2) transform the variables to obtain normality so one can use

normal theory,

(3) use methods for which normality is not assumed.

Reproducibility

Before one accepts a finding and prepares to offer-an interpre-
tation, caution calls for considering whether or not this finding can
be reproduced by others; viz., comparability from one point in time to
another and from one geographic area to another is an important ingre-
dient of the results. The literature of perinatal outcome is handi-
capped by varying degrees of registration completeness and lack of
uniform definitions; in addition, the large number of factors involved
make interpretations based on small numbers hazardous.

The previous discussion indicated, in several instances, con-
flicting results. If one observes that the data for the various

studies mentioned were for different populations and that different
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definitions were employed to study supposedly similar phenomena (for

example, prematurity), then, perhaps, conflicting results are to be

expected-

1.8. Summary

The impetus for the present study is the continued high mortality
during the perinatal period in spite of medical and public health
achievements in reaucing maternal mortality and risk of infant death
after the first month of life. The mechanisms which precipitate early
labor are not fully understood. Research efforts are needed toward
solving this fundamental perinatal problem since reduction in fetal
and neonatal mortality may be attained by reducing the incidence of
low birth weight and/or early gestational aged infants.

Silverman [105] reports that the fetus is being studied as
never beforf, by fetal electrocardiography, amniocentesis and other
techniques. It is obvious that many more details of the antenatal
condition of the human infant are needed, és well as more information
regarding placental function and its effects on the fetus. Perhaps
greater effort should be spent to determine, in specific terms, the
environmental, medical care and biological %actors that distinguish
between high risk and normal pregnancies. However, it should be
noted that prolific production of data will be of little avail in
reducing perinatal mortality unless the data are such that tHey can
be employed in initiating programs of prevention or, at least, serve

as the basis for finding solutions to some of the basic problems.



CHAPTER 1|
OBJECTIVE AND SOURCE OF DATA FOR THE PRESENT STUDY

The objective and source of data for the present study are dis-

cussed in this chapter.

2.1. Objective of the Present Study

The objective of the present study is as follows:

Tor apply new and standard statistical techniques in order to
determine the effects of some demographic, medical and
obstetrical factors on (1) perinatal mortality and (2) two
indicators of prematurity--birth weight and gestational

age.

2.2. Methods of Analyses

The objective listed above is to be pursued by employing new
and standard statistical procedures.

An IBM System/360, Model 75 computer located at the Triangle
Universities Computation Center, Research Triangle Park, North Carolina
was utilized to perform the analyses.

The present investigation may be characterized as an énalytical
study as contrasted to an experimental study in which factors are
allocated "at will" or by means of a randomization scheme. Hence

patterns of association are to be studied and causal relationships are

not sought.
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2.3 Source of Data

The data and results presented in this study apply to single
births, dead 6r alive, of 20 or more weeks gestation as determined by
means of a gestation calculator [106] which occurred at Mac Donald
House, the teaching hospital of Case Western Reserve, Cleveland, Ohio
from 1962 through 1969.

Data collection began in 1962 under the direction of Dr. Charles H.
Hendricks who is presently Professor and Chairman of Obstetrics and
Gynecology at the University of North Carolina at Chapel Hill, North
Carolina. The objectives of his investigation were as follows:

(1) to define factors which influence maternal, fetal, and

neonatal morbidity and mortality,

(2) to determine the effects of courses of obstetrical management

on perinatal outcome.

The obstetrician in charge of each delivery completed the obstet-
rical records; a coder, usually a physician, abstracted the data onto
precoded forms. The precoded data were punched directly onto IBM
cards, edited for internal consistency, processed and stored on
computer facilities at the University of North Carolina at Chapel Hill,
North Carolina. |

This data set is selected for study since it contains variables
which are not routinely available for study; for instance, variables
regarding the medical and obstetrical history which are not listed on
the latest revision (1968) of live birth and fetal death certificates

for the United States.



CHAPTER 111

VARIABLES AVAILABLE FOR STUDY AND CHANGES IN CODING PROCEDURES

This chapter presents a discussion of the variablés available for
study and changes in coding procedures since the commencement of data
collection in 1962. The changes in coding procedures are thé impetus
for excluding or reclassifying several variables for the purpose of

the present study.

3.1, Coding Changes

The data to be used in this study consist of recorded single
deliveries of 20 or more weeks gestation at the Mac Donald House hospi-
tal of Cleveland, Ohio during the period from 1962 through 1969. In

January of 1967 coding procedures were changed by the original investi-

gators. Additional variables were added and some pre-existing vari-
ables were made more specific. The original investigators documented
these changes and redefinitions, hence one had a basis for determining

which variables did not refer to a common frame of reference from 1962

through 1969,

3.2, Variables Excluded for Purposes of the Present Study

Several variables were collected at some time during the course

of the study but are not included in the analyses which follow due to

the following reasons:

(1) the variable is not available from 1962 through 1569.
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(2) the variable is not of interest in the present study

(3) the variable was redefined in 1967 such that items of
interest are available only for those deliveries which
occurred from 1967 through 1969,

(4) the original investigators noted that the reliability of
the variable was low.

For purposes of this study the following variables have been excluded
due to one or more of the above mentioned reasons:

Abortion and Ectopic Pregnancy (number of previqus events)

Additional Surgery (type)

Anesthesia (type employed, if any)

Apgar Score

Congenital Anomaly

Delivery Method

Fetal Distress

Hemolytic Disease of the Newborn

Induction or Augmentation

Maternal Deaths

Multiple Births

Placental Weight

Presentation in Labor

Rh Status

Transfusion (number of pints)

Trauma to the Birth Canal,

3.3. Variables Reclassified for Purposes of the Present Study

The following ten variables were reclassified from the scheme
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employed in the study protocol to that which met the purposes of the

‘ present study:

(1)

(2)

(3)

Cardio-Pulmonary Disease

I1f none

|f cardio-pulmonary disease
If pulmonary

If cardiac

If 1 and 2

If 1 and 3

1f 2 and 3

If | and 2 and 3

If unknown/not stated

From:

WOV W N — 0O

To: 0 Cardio-pulmonary disease not present (old 0 code)
1 Cardio-pulmonary disease present (o1d 1-7 codes)
9 Unknown/not stated

Reason: Interest of present study centers on whether or not
cardio-pulmonary disease was present during pregnancy.

Diabetes

1f none

{f diabetes

If gestational diabetes

If glycosuria without a diagnosis of diabetes
If unknown/not stated

From:

Diabetes not present (old 0,3 codes)
Diabetes present (old 1,2 codes)
Unknown/not stated

To:

D - O OWN = O

Reason: Interest of the present study centers on whether or not
diabetes was present during pregnancy.

Death (type)

If none
If maternal
If death of an infant before the eighth day
If death of an infant between the eighth and
thirtieth day
If stillbirth, intrapartum
If stillbirth, antepartum
"1f 1 and 2
If 1 and 3
If 1 and &
If 1 and 5

From:

\O o~ O I WhN —O



(k)

(5)

To:

Reason:
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0 Infant survived the perinatal period (old 0 code)
1 Infant died during the perinatal period (old 2-9
codes)

Perinatal death, defined in this study to include deaths
which occurred from the twentieth week of gestation to
the thirtieth day of life, is a dependent variable in
the analyses which follow. Maternal deaths are not of
interest in the present study.

Hematological Disorder (maternal)

From:

To:

Reason:

If none

If anemia, unspecified

If anemia, iron deficiency

If anemia, megalblastic

If sickle cell disease or trait
If unknown/not stated

O WN —~O

Anemia not present (old 0,4 codes)
Anemia present (old 1-3 codes)
Unknown/not stated

O - O

0 Sickle cell disease or trait not present (old 0-3
codes)

] Sickle cell disease or trait present (old 4 code)

9 Unknown/net stated

In the present study interest centers on whether or not
anemia and sickle cell disease or trait each was present
during pregnancy.

Hemorrhage

From:

To:

0 If none

1 If intrapartum bleeding

2 If partial previa

3 If total previa

L If partial abruptio

5 |If complete abruptio

6 If hemorrhage, postpartum

7 If previa, degree unspecified
8 If abruptio, degree unspecified
9 If unknown/not stated

0

1

9

0

1

9

Placental previa not present (old 0,1,4,5,6,8 codes)
Placental previa present (old 2,3,7 codes)
Unknown/not stated

Abruptio placenta not present (old 0,2,3,6,7 codes)
Abruptio placenta present (old 1,4,5,8 codes)
Unknown/not stated



Reason:

The original code refers to two hemorrhagic conditions
and the interest of the present study centers on
whether or not each occurred during pregnancy. From
1962 to 1967 this variable was coded as follows:

0 If no hemorrhage

1 |If placenta previa, degree unspecified

2 |f abruptio placenta, degree unspecified
9 |If unknown/not stated

Deliveries which involved intrapartum bleeding were
reclassified as deliveries which experienced abruptio
placenta. '

(6) Hypertensive Vascular Disease (HVD) or Positive Serology

From:

To:

Reason:

o - O OV WwWN —O0O

If none

If positive serology (syphilis)

If false positive serology (for syphilis)
If HVD

If 1 and 3

If 2 and 3

If unknown/not stated

. HVD not present (old 0,1,2 codes)
HVD present (old 3-5 codes)
Unknown/not stated

Syphilis or positive serology not present (o1d 0,3

codes)
Syphilis or positive serology present (old 1,2,4,5

codes) .

—

9 Unknown/not stated

The original code referred to two conditions and the

51

interest of the present study centers on whether or not .

HVD and syphilis and positive serology each was present
during pregnancy.

(7) Renal Disease

From:

To:

Reason:

If no renal disease

If chronic renal disease with hypertension
If renal disease without hypertension

If renal disease, hypertension unspecified

Renal disease not present (old 0 code)
Renal disease present (old 1,2,3 codes)

-0 WA —O

Interest in the present study centers on whether or not
renal disease was present during pregnancy.
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(8) Rupture of Membranes

If spontaneous rupture of membranes (ROM)
If artificial ROM

If premature ROM

If unknown/not stated

From:

To: Premature ROM not present (old 0,1 codes)
Premature ROM present (old 2 code)

Unknown/not stated

O ~ O WOWNN—~C

Reason: Spontaneous ROM is the usual course of labor and
artificial ROM has become a fairly routine procedure.
Interest in the present study centers on whether or
not premature ROM occurred during pregnancy.

(9) Toxemia
From: 0 If toxemia not present

1 If pre-eclampsia -

2 If eclampsia

9 If unknown/not stated

To: 0 Toxemia not present (old 0 code)
1 Toxemia present (old 1,2 codes)
9 Unknown/not stated

Reason: |If pre-eclampsia is not successfully managed, eclampsia
results, hence both items refer to the same underlying
condition--toxemia.

(10) Umbilical Cord

From: 0 If no complication of the cord

! |If prolapse cord

2 If knot in cord .

3 If cord around neck one time

L If cord around neck two times

5 If cord around neck three or more times
6 If cord anomaly

9

If unknown/not stated

To: 0 Complications of the cord not present (old.0,3,4,5
codes)
] Complications of the cord present (old 1,2,6 codes)
9 Unknown/not stated

Reason: One of the original investigators noted that the cord may
assume various positions during labor and delivery and
the fact that the cord was at or around the neck at the
time of delivery should not be considered as a complica-
tion of pregnancy.
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3.4, Variables Included in the Present Study

Table 5 shows the level of measurement, per cent of deliveries
with disease or complication and the per cent of missing data for the
variables of interest in the present study.

There are 20 variables which are employed in the analysis for
this study. There are 3 dependent variables, viz., perinatal death or
survival, birth weight in decagrams and gestational age in weeks as
determined by the LMP date. There are 17 independent variables, 5 of
which might be called '‘demographic'' variables, 8 which might be labeled
"medical préblems,“ or '"maternal diseases' and 4 which might be noted
as '"obstetrical factors," or "complications of labor and/or delivery:”

The proportion of medical prob]ems'ranged from 0.2 per cent of
all deliveries during the eight-year period for renal disease to 8.3
per cent for anemia. The preoportion of obstetrical factors ranged from
0.6 per cent for placenta previa to 17.6 per cent for premature rup-
ture of membranes. |t is important to note that these proportions
should not be taken as indicators of the 'true incidence' for these
two sets of problems for Cleveland, Ohio as a whole since the data
refer to deliveries at a teaching hospital and as such the biases of
in-referrals of complicated pregnancies and selectivity of the inner
city populace are probably present. Hence, inferences regérding a
general population cannot be made directly, but the relationships
observed among the factors studied might be considered as indicagérs
of the relationships in general.

Mainland [107] has stated

n most surveys conducted in medicine we do not know what
the selection rates.are for the various attributes. For
example, we do not know the hospital admission rates for the



54

TABLE 5.--Level of Measurement, Per Cent With Disease or Complication
and Per Cent of Missing Data, Mac Donald House Perinatal
Study, 1962-1969

Per cent with
Level of e disease or Per cent of
Variable measurement ~ ) complication missing data’
Dependent:
Perinatal death D NA . 0.0
Birth weight (in :
decagrams) ) C NA *
Gestation (in weeks) c NA *
Independent :
Demographic:
Maternal agea ¢ NA *
Sex of infant D NA *
Race of mother c D NA 0.0 .
Hospital service D NA 0.0
Parity D NA *
Maternal diseases
(Medical):
Anemia D 8.3 *
Cardio-pulmonary ] 2.4 *
Diabetes D 0.6 *
Hypertensive vascular D 3.0 *
Positive serology D 0.6 *
Renal D 0.2 0.0
Sickle cell D 0.4 *
Toxemia D 3.2 *
Complications of labor
and/or delivery
(Obstetrical):
Abruptio placenta D 2.6 *
Complications of cord D 0.7 *
Placenta previa D 0.6 *
Premature rupture of
membranes D 17.6 6.2

aage at last birthday
white or nonwhite
Cstaff or private--determined by the ability to pay
dtotal number of parous experiences including the current
delivery
€D denotes a discrete variable, C denotes a continuous variable

NA denotes not applicable
9% denotes < 0.00]
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various disorders, but we can be sure that very few, if any,
are equal to each other. That inequality can cause a great
but unknown amount of bias in inferences from a survey that
is seeking for an association (or lack of association) between
one disease and another disease, or indeed between any pair
of attributes, conditions, or events . . . They (selection
rates) are decided for us by numerous factors of which we may
have no inkling, and we do not know what the rates are . . .
in the end we ought to treat the evidence only as a possible
clue, even if it looks very strong and a random-frequency
test has given a very low P-value.

These pitfalls regarding clinical research were described 25
years ago by Berkson [108] ; one should recognize that they may generate

spurious associations.

3.5. Missing Data Problem

-

T?e data in Table 5.show that the magnitude of missing data is
not great. The proportion of missing data is less than or equal to
0.1 per cent for 19 of the 20 variables considered in this study.

The proportions of missing data fdr the 3 dependent variables
are 0.02 per cent for birth weight, 0.03 per cent for gestation and
0.0 per cent for perinatal death or survival. The level of measurement
is discrete for perinatal death or survival and continuous for both
birth weight and gestation.

The largest proportion of missing data among the independeht
variables is 6.2 per cent for premature.rupture of the membranes--one
of the original investigators noted that in certain emergency cases it
was not possible to determine if premature rupture of the membranes
occurred. The remaining 16 independent variables have either no mis-
sing data or less than or equal to 0.1 per cent missing data.

Missing data can arise in many ways but it usually occurs by

failure to ask the query, failure to elicit and/or to transcribe the
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response or the query may not have been applicable. Whatever the
reason, a decision must be made whether or not missing data constitute
a major problem in a data set. In order to assess the problem of
missing data one might consider the following:

(1) What proportion of the data is missing?

(2) ts the data missing by design?

(3) Is missing data confined to discrete variables, to con-
tinuous variables, or to both?~ Does it occur for dependent
variables, independent variables, or for both?

(4) The statistical literature provides guidance in certain
instances; it does not provide guidance for the general‘case.
Hence one relies on his expe}ience and judgment to suit the
particular situation.

Since the datg set is essentially complete only those deliveries

which contain complete information for the variables of interest are

included in this study. Hence missing data was not estimated.



CHAPTER |V

EFFECTS OF THE FACTORS STUDIED ON EACH DEPENDENT VARIABLE:

STANDARD STATISTICAL TECHNIQUES

4,1. Introduction

As noted in Chapter !l the objective of this study is to apply
new and standard statistical techniques in order to determine the
effects of some demographic, medical and obstetrical factors on .
(1) perinatal mortality and (2) two indicators of prematurity--birth
weight and gestational age. The term, ''standard statistical techniques,'
is used to infer that the entire data set is employed and that tra-
. ditional st.atistical methodologies are utilized.
The objective of this chapter is to present analyses on the
entire data set for each of the three responses by means of some tra-

ditional statistical methodologies which show the effects of the

factors considered, viz.,

(1) descriptive statistics (mean and correlation) which depict
a measure of central tendency for each of the factors under
study and a measure of the relationship of each factor with

each response,

(2) chi-square values which measure the degree of association
(1ack of homogeneity here) of the factors with each of the
responses,

(3) stepwise regressions which show the order of entry of each
factor into the regression process and the degree of
importance of each factor for each response.

The total data set consists of 31,069 deliveries of 20 or more

’ weeks gestation which occurred at the Mac Donald House Hospital during
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the period under study (1962 through 1969). The data for the present
study refer to-all single births for which a maternal death was not
involved;'hence, those deliveries which involved a maternal death and/
or a multiple birth are excluded from the analyses.

Maternal deaths are excluded since only a few occurred during the
period under study (less than 1 per 1,000 deliveries). Multiple births
are excluded since on the birth weight criterion alone over one-half of
all twin deliveries are premature. [28] Daté from the National Center
for Health Statistics [18] for the United States in 1966 show that over
three-fourths of triplets and products of higher multiple deliveries
weigh less than 2,501 grams at birth. Morison [28] reported that some
premature offspring of multiple deliveries‘may be more mature than their
birth weight indicates but such offspring are exposed to all the hazards
of prematurity during delivery and in the neonatal pericd.

The rééder will recall from Chapter lil that the data set is
essentially complete, hence only those deliveries which involve complete
information for the variables bf interest are included in this study.

After excluding deliveries which involved a maternal death and/or
a multiple delivery and/or missing information, 28,353 of the total
31,069 (or 91 pef cent) deliveries are included in this study. These
28,353 deliveries may not reflect a representative sample of all
deliveries which occurred for residents of Cleveland, Ohio during the
period from 1962 through 1969. The reader should recall the
previous discussion regarding potential biases of selectivity. Hence,
conclusions and inferences in the present study are limited to maternity
patients and their offspring which are identical to or are very similar

to those in the data set at hand in all factors relevant to pregnancy
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and its outcome, including the many factors for which information is

not available.

4.2. Descriptive Statistics for the Demographic Factors

Table 6 presents the mean value for each demographic factor and
its correlation with each response variablet. Maternal age refers to
the age (in years) at last birthday and parity refers to the number of
deliveries, live or dead, including the current delivery.

TABLE 6.--Means of Selected Demographic Variables and Their Correlations
with Response Variables, Mac Donald House Perinatal Study,

1962~1969
Pearson product moment correlation
Response

Perinatal
Factor Mean death Birth weight | Gestation
Maternal age 25.9 -0-d : 0.12 0.04
Maternal 0.54° -0.06 0.23 0.16
Parity ' 2.6 0.03 0.03 -0.05
Service 0.45° -0.06 0.22 0.15
set of offspring 0.52°¢ 0.02 0.09 -0.02

aPrOportion of white deliveries

Proportion of staff deliveries

CProporti f le deliveri

portion of male deli ies

diess than 0.0051

The average maternal age was 25.9 years. On the average each
mother represented in the data set had 2.6 deliveries. Slightly more
than one-half of the deliveries were: (1) white, (2) born to private
obstetrical patients and (3) male offspring.

The correlations listed in Table 6 are Pearson product moment
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correlations and are a by-product of-the computer program which was
used to obtain stepwise regression ana]yse$ shown in Section 4.5. Use
of the Pearsonian correlation coefficient is usually limited to con-
tinuous variables since the underlying theory assumes that a linear
relationship exists for the variables of interest. Hence this coef-
ficient is of limited value when it is used for dichotomous variables,
particularly if their occurrence is rare. The reader should note that
if the variables of interest are dichotomous, then other measures of
association are usually employed, viz., Kendall's tau, relative risk,
or chi-square. In sum, the correlations given in this and the next
section are presented for their descriptive merit since interest cengérs
on their relative magnitudes. Small correlations for dichotomous vari-
ables are not to be interpreted as being unimportant since the Pear-
sonian coefficient is of limited value for such variables particularly
if their occurrence is rare.

None of the demographic factors are highly correlated with peri-
natal outcome. Maternal age, parity and sex of offspring show essen-
tially no linear correlation. Maternal race and service both have a
slight negative correlation which indicates a slight inclination of more
perinatal deaths for nonwhite mothers and for staff deliveries.

The correlations for birth weight are all positive and range from
0.03 for parity to 0.23 for maternal race. These positive correlations
indicate that deliveries to parturients who (1) were 26 years of age
or over, (2) had above average parity status, (3) were white, (4) were
private patients and (5) who delivered male offspring each tended to pro-
duce infants of above average birth weight.

The correlations for the‘demographic factors and gestational age

|
|
|
.
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range from -0.05 for parity to 0.16 for race. These correlations show
a slight tendency for above average gestational ages to be associated
with (1) above average maternal age, (2) white deliveries, (3) above
average parity status, (4) private patients and (5) female offspring.

It is interesting to observe that the largest correlations (in
absolute value) for each response are those noted for race and
service. Conversely, in terms of absoluteVQalues, maternal age is
least correlated with perinatal death; parity is least correlated
with birth weight and sex of offspring is least correlated with gesta-

tional age.

4.3, Descriptive Statistics for the Medical and Obstetrical Factors

Table 7 shows the proportion of deliveries with éach of the eight
medical factors and four obstetrical factors considered in this study,
as well as correlations between each factor and the three responses.

The proportion of medical factors ranged from 2 per 1,000 deliv-
eries for renal disease to 83 per 1,000 deliveries for anemia. The
correlations of these factors with perinatal death are not striking.
There is essentially no correlation or a low positive correlation indi-
cating a slightly higher incidence of perinatal death for those
deliveries which experienced a medical complication of pregnancy. The
correlations of these factors with birth weight are small and negative
for all but cardio-pulmonary disease and diabetes. These negative
correlations imply a lower than average birth weight for those
deliveries which involved the factor. The correlations for cardio-
pulmonary disease and diabetes are 0.01 and 0.02, respectively, and’

suggest @ slightly higher than average birth weight for deliveries which
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TABLE 7.--Proportion of Deliveries With Certain Medical and Obstetrical
Factors and Correlations by Response Variable, Mac Donald
House Perinatal Study, 1962-1969

Pearson product moment correlation
Response
Proportion of| Perinatal
Factor deliveries death Birth weight | Gestation
Medical:
Anemia 0.083 0.01 -0.06 ~0.05
Cardio-pulmonary 0.024 -0-° 0.01 0.01
Diabetes 0.006 0.05 0.02 -0.06
Hypertensive
vascular 0.030 0.03 -0.04 -0.01
Positive serology 0.006 -0- -0.01 -0- -
Renal 0.002 0.05 -0.05 -0.05
Sickle cell 0.004 0.01 -0.02 -0.01
Toxemia 0.032 0.03 ~0,05 ~0.02
Obstetrical:
Abruptio placenta 0.026 0.21 -0.20 -0.23
Complications of
cord 0.007 0.11 -0.07 -0.08
Placenta previa 0.006 0.07 -0.07 -0.09
Premature rupture
of membranes 0.176 0.06 -0.15 -0.17

a--0— denotes less than 0.0051.

involved either of these conditions.

The correlations for gestational

age show essentially the same pattern as those for birth weight. One

divergence from this pattern is noted--the correlation for diabetes is

-0.06 and indicates that those pregnancies which involved diabetes

resulted in a delivery of less than average gestational age.

This

finding is not surprising since preterm induction of labor for
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diabetics is common.

The proportion of obstetrical factors ranged from 6>per 1,000
deliveries for placenta previa to 176 per 1,000 deliveries for pre-
mature rupture of the membranes. The correlations of these obstetrical
factors with each of the three outcome categories are substantially
larger than those for the medical factors. The correlations for peri-
natal death are all positive and range from 0.06 for premature rup-
ture of the membranes to 0.21 for abruptio placenta; these data indicate
that if a pregnancy were complicated by one or more of the obstetrical
factors considered in this study then there was a slight to moderate
tendency that the pregnancy resulted in a perinatal death.

The correlations for birth weight and gestational age show similar
patterns. Those pregnancies which involved the obstetrical factors
tended to deliver intants of lower than avérage birth weignt and gesta-
tional age. ~In addition, those pregnancies which were complicated by
abruptio placenta had the largest negative correlation and those which
were complicated by cord problems had the smallest negative correlation.

Table 8 presents a standard measure for the pairwise association
(viz., Pearson product moment correlations) between the medical and
obstetrical factors considered in this study.

The data in Table 8 show there is essentially no correlation among
most of the medicél and obstetrical factors. The largest correlation,
0.16, noted is for hypertensive vascular disease and toxemia.

An alternative method for noting the associations of the medical
and obstetrlcal factors is given in Table 9. These data show for each
factor the per cent of complicated pregnancies which |nvo]ved only one

or at least two of the medical and obstetrical factors. The format of

.
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this table warrants explanation. The entries, pi,j’ along the main
diagonal (those enclosed in a box) refer to the per cent of deliveries
which had ‘only one of the medical or obstetrical factors under consider-
ation. The entries in the off-diagonal cells refer to the per cent of
deliveries which involved at least the ith row and the jth column fac-
tors. The entries in Table 9 are not mutually exclusive.

The following two examples indicate how the data in Table 9 are
to be interpreted.
(1) Main diagonal entries:
For those deliveries which involved toxemia, 902 cases
in all, 53 per cent of them did not involve any other medical

or obstetrical factor considered in this study.

(2) off-diagonal entries:
For the same 902 deliveries (i.e., the deliveries which
involved toxemia) 18 per cent of them also involved hyper-
tensive vascular disease (another medical factor) and b per

cent of the 902 toxemia cases involved abruptio placenta
(an obstetrical factor).

Anemia tends to occur most often as the only medical complication
of pregnancy whereas renal disease is least likely to occur alone. An
examination of the pairwise occurrence of the medical factors reveals
that only 9 combinations of medical factors have percentages greater
than 10 per cent, viz.,

Anemia as the base disease:

no combination with more than 10 per cent

Cardio-pulmonary as the base disease:

(1) cardio-pulmonary and anemia (13 per cent)

Diabetes as the base disease:

(2) diabetes and hypertensive vascular (11 per cent)
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Hypertensive vascular as the base disease:

(3) hypertensive vascular aﬁd toxemia (19 per cent)

Positive serology as the base disease:

(4) positive serology and anemia (19 per cent)
Renal as the base disease:

(5) renal and anemia (16 per cent).

(6) renal and cardio-pulmonary (13 per cent)

(7) renal and hypertensive vascular (17 per cent)

(8) renal and toxemia (13 per cent)
Sickle te]l as the base disease:

no combination with more than 10 per cent

Toxemia as the base disease:

(9) toxemia and hypertensive vascular (18 per cent).

when the obstetrical tactors are stuéied, one observes that pre-
mature ruptu}e of the membranes occurs most often alone and complica-
tions of cord occurs least often as a single obstetrical complication
of pregnancy. The pairwise combinations of obstetrical factors reveal
that premature rupture of the membranes is the leading co-complication
of pregnancy.

The data for the pairwise combinations of the medical and obstet=
rical factors reveal that when each medical factor is considéred (on an
absolute scale) as the base disease, that premature rupture of the
membranes is the leading obstetrical co-complication of the pregnancy.
When each obstetrical complication is studied as the base disease (on

an absolute scale) anemia is found to be the leading medical factor

which plays a role in complicating the pregnancy.
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b4, Measures of Association Noted from a Categorical Data Framework

The analyses in this section focus on the demographic, medical
and obstetrical factors and their associations with each of the three
dependent variables (responses) when the data are analyzed using a
categorical data framework.

In this section the term, factor,'" is used to denote a classifi-
cation scheme which prescribes the sub-population or subgroup to which
a delivery belongs. For example, a delivery either did or did not
involve toxemia. Hence the data can be dichotomized into subgroups;
one subgroup fefers to deliveries for which toxemia was a complication
of pregnancy and the complementary subset refers to those deliveries )
which did not involve toxemia. The term, IireSponse,“ is employed to
describe the result of the parous experience in terms of death or
survival, level of birth weight and level o% gestational age.

Table 10 shows the method of categorization used for the 5 demo-
graphic factors and the 3 responses; the medical and obstetrical factors
are each dichotomous in that a delivery either did or did not involve
the factor of interest and, therefore, need no further refinement.

Maternal age is so categorized because rates of perinatal mor-
tality and prematurity are lowest for parturients between the ages of
20 and 30. [18, 19] Thus, ages less than 20 and those 30 or more were
selected to refer to extreme age levels. The ten-year interval from
20 through 29 is dichotomized into 2 five-year groups. The parity fac-
tor is dichotomized into primipara and multipara levels since premature
births frequently occur for primiparas. [36, 45, 46] The dichotomies
for maternal race, service and sex were defined by the coding instruc-

tions used by the original investigators. Birth weight is considered
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TABLE 10.--Method of Categorization for the Demographic Factors and
. Responses, Mac Donald House Perinatal Study, 1962-1969

Variable ‘Method of categorization

Demographic factor:

Maternal age Under 20, 20 through 24, 25 through 29,
30 or more :

Race White, nonwhite

Parity Primipara, multiﬁara

Service Staff, private

Sex of offspring Male, female

Response:

Birth weight Under 1,501 grams, 1,501 through 2,500 grams,
2,501 grams or nore

Gestation Under 37 weeks, 37 or more weeks

'. Perinatc! cutcome Death, survival

as a trichotomy since it is of interest to note the effects of the
factors on both the premature and mature groups of deliveries as well
as on those offspring of very low birth weight--viz., births of less
than 1,501 grams. Gestational age is considered as a dichotomy--with
one level for premature delivery (that is, delivery prior to the
thirty-seventh week) and one level for mature delivery. Perinatal
outcome is referred to as a dichotomous variable which indicates whether
or not delivery resulted in death during the perinatal period.

Thus, one might analyze the data as if they were a random sample
from a multinomial population with c possible outcomes or responses
(c = 2 for perinatal outcome and gestation, and ¢ = 3 for birth weight).

. " The hypotheses of interest are hypotheses of no association between a
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response and the particular factors studied. These hypotheses are
interpreted as hypotheses of homogeneity and are given symbolically as

H: P, ., =P, .
o 1s)J *,J

where (1) i refers to the level or sub-classification of a
factor and

= 0 if the factor was not present
1 if the factor was present

(2) j refers to the level of response and

—.
[

0 if perinatal survival
l_if perinatal death

or
0 if less than 37 weeks gestation
1 if 37 or more weeks gestation
or.

0 if birth wéight was less than 1,501 grams
1 if birth weight of 1,501 through 2,500 grams ‘
2 if birth weight 2,501 or more grams '

e
1]

(3) * denotes the factor has no effect on the distribution
of the response--this holds under Ho.

(L) Pi j is the probability that a delivery which belongs

to the ith factor level falls in the jth response

classification; Pi ] is estimated from the data by
’

PiLJ

(5) P, . >0

(6) £ T P, . =1 and denotes that neither of the
i=1 j=1 ’
marginal frequencies are fixed, known values.
In summary, two-way contingency tables are considered in this
section. Tests of homogeneity are conducted such that the statistical

procedure tests whether or not the rows of some particular'two-way con-

tingency table have the same proportion of deliveries across the various ‘
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response categories (columns).

The reader should note the 5 per cent level of significance is
used in this study in a descriptive sense such that if a computed
statistic exceeds this level it is deemed io measure an important effect
or association.

Table 11 shows chi-square values for tests of homogeneity which
were obtained for each of the demographic, medical and obstetrical
factors with respect to each response when both total events and only
live births are considered.

A correction for continuity has not been used for those tests
which have one degree of fregdom since recent results due to Grizzle
[109] imp{y that the continuity correction is inappropriate since
neither of the margins are fixed nor are the sample sizes small.

Most of the chi-square values shown iﬁ Table 11 are quite large.
The sample size for the total events analyses is 28,353 deliveries and
that for the survivors of the perinatal period is 27,421 deliveries.
Hence expected values for the chi-square statistics are estimated

quite precisely; as a result, deviations from expectation are heavily

weighted. The following example demonstrates this point:

2 2
x2 o L ol -g )P
i=1 =1 iJ ij
E..
1)
2 2 n; n . 2
- n T Y ni'__—._———.l.
coi=1j=1 J n
n n
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is the observed number of deliveries in the ijth cell and

0..=n,,
1J J
is the expected number of deliveries in the ijth cell and
n.. n_.
= )

ij n

is the marginal total of the ith row

is the marginal total of the jth column

is the grand total

Suppose one desires a chi-square value for the following data:

Column

1 2 |ITotal

Row | 4 10

2| 2 10

Total 14 6 |l 20
PP I D R

X —2,[71:"‘6*?1:*5]

0.9524

Now suppose the same type of data are obtained in the same manner as

those for the example above except that the sample size was increased a

thousand-fold. Suppose the following cross-classification was obtained:

Column
1 2 Total
1 6000 L4000 10000
Row
2 8000 2000 10000
Total |[14000 6000 20000
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1 1 1 1
2000 [W+z-+-m-.+g-] ‘

[}

952.4.

This example shows the effect of large sample size given that the dis-
tribution of response remains constant. Levels of significance are
quoted for the chi-square values listed in Table 11 in a descriptive

Sense to measure the relative importance of the factors,

Perinatal Outcome as the Response Variable

Null hypotheses of homogeneity (which state that a factor is not
associated with the response of interest) for perinatal outcome (death
or survival) are rejected for each of the demographic and obstetrjcal
factors. These hypotheses are rejected at a level of significance of
less than 0.005 for all but parity for which the level of significance .
is about 0.02. The chi-square values for cardio-pulmonary and positive
serology indicate these factors are not significantly associated
(¢ = 0.05) with perinatal outcome. The reméining medical factors are
significantly associated with perinatal outéome; the levels of signif-
icance for anemia and sickle cell are about 0.0g) those for the other
medical factors are less than 0.005. Also of interest is that the

obstetrical factors are most highly associated with perinatal outcome.

Birth Weight as the Response Variable
When total events are used to determine the associations of the
various factors with birth weight, the data show that each of the demo- »
graphic and obstetrical factors js significant. The levels of signif-
icance are less than 0.005 for all but parity, which has a level of ‘»‘

about 0.02. The null hypothesis of homogeneitf.is not rejected (a = 0.05)
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for cardio-pulmonary, diabetes and positive serology; it is rejectéd
for the remaining medical factors which have levels of significance of
less than 0.005. Those factors which are quite highly associated with
birth weight are maternal race, sérvice and each of the obstetrical
factors. Also of interest is that when the survivors of the perinatal
period are studied the same patterns are noted although the chi-square
values for parfty and diabetes indicate these factors are significantly
associated (levels of significance of less tﬁan 0.005) with birth

weight.

Gestational Age as the Response Variable

Each of the obstetrical factors, maternal age and race as well as
service are very highly associated with gestational age at delivery
when total events are studied. However, the null hypotheses of homo-
geneity are.not rejected (o« = 0.05) for parity, sex of offspring, cardio-
pulmonary disease and positive serology. The levels of significance for
each of the remaining factors are less than 0.005 for all but sickle
cell which has a level of about 0.04. The same patterns of associations
are observed when only the perinatal survivors are studied.

In summary, the analyses of this section reveal that each of the
obstetrical factors, maternal race and service appear to be quite highly
associated with each of the three responses. When the medical factors
are considered, it appears that the cardio-pulmonary disease‘and posi-
tive serology are not important factors. These findings hold for both

total events and the subset of perinatal survivors.

4.5. Regression Analyses for Each Dependent Variable

several studies [29, 50, 110, 111] relating to perinatal outcome
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and measures of prematurity have used regression analyses to determine
the effects of certain independent variables (regressors). Such
analyses may be employed to develop a model with respect to some par-
ticular outcome (response) such that a predicted response can be deter-
mined and the effects of multiple factors can be taken into account in
the analyses.

When the functional model is complex or when the ability to
control the regressors is limited, one can utilize the régression
technique for other purposes, viz.:

(1) pinpoints important regressors,

(2) enables simultaneous adjustment.for multiple factors,

(3 may lead to further insight into the process or response
at hand,

If one wishes to determine a linear regression equation for some
response, say birth weight, in terms of certain regressors, X], XZ’
-+«s X, then Draper and Smith [112] report that one of two different
criteria are usually employed in the selection of the resultant
equation:

(1) To make the equation useful the model should include as

many regressors as possible so that reliable fitted values
can be determined. ’

(2) Because of the costs involved in obtaining, and subsequently
moni toring, data on a large number of regressors, the equa-
tion should include as few regressors as possible,

The compromise between these two extreme points of view is termed the
process of selecting the ''best' regression equation. Draper and Smith
[112] report no unique statistical procedure for doing this, and that

personal judgment is a necessary part of any of the methods used. "They

discuss six essentially different procedures and conclude that the
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stepwise technique is''. . . the best of the variable selection pro-

cedures discussed and recommend its use.''

The stepwise regression technique is used in this study to

determine:

(1) the order of entry of the regressors into the regression
equation for each of the three responses,

(2) which regression coefficients, from the last step of the
stepwise regression process, are significantly different
from zero--a non-zero coefficient is used in a descriptive
sense to-indicate a significant degree of importance of
the regressor on the response of interest.

The model

where

for linear regression is as follows:

e

p
B .+ I Bj X,. + € which is estimated by

b. X,, + e, (1)

is the response--a random variable

1, 2, ..., n and specifies the ith delivery

total number of deliveries of interest (28,353)

jth partial regression coefficient which is.estimated
from the data using the least squares technique. It
refers to the amount of change in Yi for a unit change
in Xi’ when the other regressors are held constant;

b. estimates B

jth regressor which is assumed to be fixed and known
1, 2, ..., p and specifies the jth regressor

an estimate of Bo, a parameter which reflects the

unexplained variation about y.

I3
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e; = randcm error associated with Y3 e, estimates g and
measures variation not accounted for by the regression.
following assumptionslare made
E(ei) =0,i=1,2, ...,n
Var(ei) =02, i=1,2, ..., n
Cov(ei,ek)'= 0, for i # k
€ independently have a normal distribution with mean = 0
and common variance, o2; this assumption is made to conduct
tests of significance.
sets of stepwise regressions are presented. The first set
regressors. This set is named Model | for convenience. SThe
has 14 regressors; it is called Model I1.
12 regressors employed in Model | are as follows:
i1, overall mean
1 for maternal age less than 20

I for maternal age of 30 or more
0 otherwise

{?l for maternal age of 20 through 24

1 for maternal age of 30 or more
0 otherwise

-1 for maternal age of 30 or more

1 for maternal age of 25 through 29
0 otherwise

| for male delivery
1 for female delivery

1 for white delivery
1 for nonwhite delivery
for staff service
1 for first parous experience

1 for fourth or higher parous experience
0 otherwise

<jl for private service
-1

.
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| for second parous experience
| for fourth or higher parous experience
otherwise

1 for third parous experience
for fourth or higher parous experience
otherwise ‘

for one or more obstetrical factors during pregnancy

1
X0 = 1 for no obstetrical factor during pregnancy

10

1 for one or more medical factors during pregnancy

X 1 for no medical factor during pregnancy

>
w
1
e N e e BN
o — o

n

The 5 demographic factors are considered on a discrete rather than
on a continuous scale even though maternal age is a continuous variable.
The medical complicationé of pregnancy have been collapsed into a
dichotomy which reflects whether or not one or more of the 8 medical’
factors were present duringAthe pregnancy; the L obstetrical complica-
tions are considered similarily.

Since these 7 factors are not continuous variablés one must
assign scalars to each in order to introduce each factor into a regres-
sion equation. To achieve this end one can define a dummy variable for
each degree of freedom per factor such that solution of the normal
equations is determinate. It was decided to employ a (1,-1) scheme
for the dichotomous factors and a (1,0,-1) scheme for both maternal
age and parity.

As suggested in (1), there is one parameter associated with each
of the 12 regressors. It follows that bo is the regressor for the
overall mean, b], b2, b3 are regression coefficients for the 3 age
groups defined above, bh is the corresponding coefficient for sex, b5
for race, b6 for service, b7, b8, b9 for parity, b]O for obstetricgl
factors and b]l for medical factors. The obstetrical factors have been

redefined as a single variable, XIO’ to indicate whether obstetrical
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factors were present or absent during pregnancy. The medical factors
have been similarily rédefined into a single variablé, X]].

These 12 regressors are used to study the deg;ee of association
which each regressor has with each of the three responses defined as
follows:

(1) when perinatal outcome is the response, then

Y. = {:l if the ith delivery resulted in a perinatal death

1 if the ith delivery survived the neonatal period

(2) when birth weight is the response, then

Yi = the birth weight of the ith delivery
(3) when gestational age is the resﬁonse, then N
. Yi = the gestational age of the ith delivery.

Model | does not contain interaction terms since interest in this
chapter centers on ihe overall or main effect of each fegresscr on each
dependent variable. The effects of certain interactions are the focus
of Chapter V.

The second set of stepwise regressions, noted as Model 11,
involves 14 regressors. The first 12 regressors are the same as defined
for Model I. The remaining 2 regressors are as follows:

(1) when perinatal outcome is the dependent variable, then

X birth weight

i

12

gestational age

X13
(2) when birth weight is the dependent variable, then

X12

]

gestational age

1 for perinatal death
1 for perinatal survival

X]3 perinatal outcome and Xl3 = <;

(3) when gestational age is the dependent variable, then
X

9 = birth weight
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= perinatal outcome and X13 = v{:] for perinatal death

X
13 -1 for perinatal survival

Hence two additional parametefs are estimated in Model [1l, viz., B]2
and B]3. Model 1l also does ndt contain interaction terms.

It might be argued that X]2 and X]3 should not be included in
the regression equation since the equation (model) should not contain
regressors which are not known and fixed prior to the occurrence of
the response. Since the purpose of the regression analyses in this
study is to determine both the order of entry and the strength of the
associations of the regressors on the outcome of pregnancy and not one
of prediction, X]2 and X]3 are included to note their importance as
additions to the set of analyses given for Model I. )

When the regressors are examined with respect to the order of
entry into the stepwise regressions, b].refers to the linearity effect
of maternal age whereas b2 angd b3 denote measures cf non-linearity of
maternal.;ge. The sex, race, service, obstetrical and medical effects
are determined from bh’ bS’ b6’ b]0 and b‘] respectively. The linear
effect of parity is assessed by b7; b8 and b9 refer to deviations from
linearity for parity. Interpretations of b2, b3, b8 and b9 are complex;
such will not be given when the order of entry into the stepwise pro-
cess is discussed.

When the last step of each of the three regressionlprocedures is
examined, then b] refers to the estimated difference of effect for the
youngest maternal age group (those under 20 years of age) compared to
the average of all age groups; b2 is defined similarly for the 20
through 24 age group and b3 is defined similarly for the 25 through 29

age group. The coefficients for parity are b7, b8, and b9. They are

defined in the same fashion gs are b], b2 and b3 except that b9 refers
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to the estimated difference of effect on the dependent variable for
first parous experience to that for the average of all paroﬁs éxperi-
ences; b8 is defined similarly for the second parous gron and b9
refers to that for the third parous group. The coefficients for sex,
race, service, obstetrical and medical effects are as noted above.
Since prediction is not the objective of the regression analyses pre-
sented in this study the results from tests of significance are reported
to note if the absolute value of the jth partial regression coefficient
is different from zero--an indication of the strengthvof association of
that regressor with the.response;

Table 12 shows the order of entry of the regressors into the )

stepwisé regression analyses for each of the three responses for both

Model | and Model I1.

Results -- Model |

The first two regressors to enter the stepwise regression equa-
tions for each of the three dependent variables are bll (regressor for
the obstetrical complications) and bh (regressor for maternal race).
The obstetrical regressor is most highly correlated with perinatal
outcome and gestational age, and is of secondary importance for birth
weight. Results from secondary and separate stepwise regression anal-
ses which identify each of the four obstetrical complications of preg-
nancy show that the regressor for abruptio placenta enters first, that
for complications of the cord eﬁters second, the regressor for placenta
previa enters third and that for premature rupture of the membranes
enters last for each of the three dependent variables.

The regressor for the medical complications of pregnancy enters
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the stepwise process at the third step for perinatal outcome and at the
last step for both birth weight and gestational age. Separate analyses
which identify each of the eight medical factors reveal that:

(1) the regressor for diabetes is the first to enter the
equation for both perinatal outcome and gestational age;
the regressor for anemia occupies this position for birth

weight,

(2) the regressor for renal disease enters each of the stepwise
regression equations at the second step,

(3) the regressor for toxemia enters at intermediate steps--
third for perinatal outcome and birth weight, and fifth
for gestational age,

(4) the regressors for the remaining five medical factors show
no consistency with respect to entrance into the three sets
of regression equations although that for positive serology"
enters at the last or next to last step.

The linear effect of parity enters each of the three regression
equations before its nonlinear effects; this also holds for maternal
age for both birth weight and gestational age although its nonlinear
effect enters prior to the linear effect for perinatal outcome.

The regressor for sex of offspring enters at the third step for

birth weight, the fifth step for perinatal outcome and at the sixth

step for gestational age.

Results -- Model 11

Certain striking differences are ﬁoted when the results for
Model || are compared to those for Model I. The most striking finding
is that when the other two dependent variables are treated as if they
were regressors (i.e., fixed, known constants) that their respective
regressors, blZ and b‘3, are among the first two or three to enter each

of the three stepwise regression equations. The results for the
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analyses for Model Il are as follows:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

When perinatal outcome is treated as the dependent variable

then gestational age and birth weight are the first two
regressors to enter and the obstetrical regressor is the
last to enter the stepwise process,

When birth weight is considered as the dependent variable
then gestational age and perinatal outcome are the first
and third regressors to enter and the medical regressor is
the last to enter the stepwise regression equation.

When gestational age is employed as the dependent variable
then birth weight and perinatal outcome are the first two
regressors to enter the regression equations, the obstetri-
cal regressor is the third to enter and the regressor for
the medical factors is the second to last to enter.

The regressor for maternal race enters at the third step
for perinatal outcome, at the second step for birth weight
and at the seventh step for gestational age. *
The linear effect of maternal age enters prior to its non-
linear effect for both perinatal outcome and gestation but
not for birth weight,

o

The linear effect of parity enters before its complement
for birth weight and gestation but not for perinatal out-
come.,

The regressors for sex and type of service enter at inter-
mediate and latter stages of the stepwise processes.

Table 13 presents R2 values for each regression and F-values for

each of the regressors from the last stepwise regression for each

dependent variable and model.

When the per cent of total variation accounted for by the regres-

sion (Rz)

is compared for Model !l versus Model | for each dependent

variable one notes more than a ten-fold difference for perinatal out-

come (32% versus 3%), more than a four-fold difference for birth weight

(52% versus 12%) and more than a six-fold difference for gestational

age (55% versus 9%). Hence, by employing the remaining two dependent

variables as regressors in the regression process one obtains equations

.
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which account for considerably more of the total varjiation for each
dependent variable. As a matter of special interest, the partial
regression coefficients for these two regressors have very large
F-values for each dependent variable.

The R2 values which were obtained for Model Il are not large.
Perhaps the inclusion of additional regressors which identify inter-
actions of the demographic, medical and obstetrical factors would sub-
stantially increase the R2 values. Patterns of interaction of the demo-
graphic factors for each of the three dependent variables are the focus
of the next chapter.

Results for perinatal mortality:

(1) None of the maternal age groupfngs have coefficients which
are statistically greater than zero with respect to peri-
natal mortality for Model |. However, when birth weight
and gestational age are taken irto account (Model I1). then
young parturients (those under 20 years of age) have a sig-
nificantly different perinatal outcome than do those of
average age in the complementary group 20 years of age or

over.

(2) Maternal race exerts a significant effect for both Model |
and Model |1,

(3) The interpretation for parity is complex. The effect of
primipara pregnancies versus the average level of parity
for the complement subset is significant in Model | but
not in Model 1|1; the opposite is true for the second level
of parity. That for parity 3 is significant under both
models. :

(4) Type of obstetrical service is a significant factor under
Model | but not under Model II.

(5) Both the sex of offspring and medical factors are significant
under Model | and Model 11.

(6) The effect of obstetrical complications of pregnancy is

significant for Model I but not for Model 11. It is interest-
ing to note that under Model | the obstetrical coefficient
has the highest F-value but under Model Il it has one of the

lower F-values. - This implies that when the effects of birth



89

weight and gestational age.are accounted for then the
effect of obstetrical complications of pregnancy is not
a significant factor with respect to perinatal mortality.

Results for birth weight:

(1) Medica! complications of pregnancy as defined in this
section do not exert a significant effect on birth weight
when either model is employed.

(2) The effects of maternal race, service, sex of offspring
and obstetrical complications are each significant under
both Model | and Model II.

(3) The contrasts for those aged less than 20 and those aged
25 through 29 are significant under Model | but not under
Model 11; the opposite is true for those aged 20 through
24 years. This implies that the effects of maternal age
for those aged less than 20 or 25 through 29 years of age
are not important factors once the effects of perinatal
mortality and gestational age are accounted for; in
addition the age effect for parturients aged 20 through 24
years of age is an important factor if the effects of
perinatal mortality and gestational age are accounted for
but this age effect is not important if perinatal mortality
and gestational age effects are not considered.

(4) The effect of primiparas is significant under both Model |
and. Model 11. The effect for parity two is significant
under Model ! but not under Model I1; the opposite holds
for those of parity three.

Results for gestational age:

(1) Medical complications do not appear to exert a significant
effect on gestational age when either model is used.

(2) Each of the age contrasts as well as sex of offspring and
obstetrical complications are significant under both models.

(3) Maternal race and service make a significant contribution
under Model | but rot under Model 11. This is another
example which indicates that birth weight and perinatal
death are important variables which should be taken into
account when one analyzes data with respect to gestational
age.

(4) Each of the contrasts for parity are significant under
Model Il but only the first two are significant when Model |

is considered.
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h.6. Summary

The effects of the demographic, medical and obstetrical factors ’
on each dependent variable are assessed in this chapter by means of .
traditional statistical methodologiés.

None of the demographic variables were found to be highly corre-
lated with the three response variables. The correlations for each of
the eight medical factors with perinatal outcome show there are
essentially no correlations or low correlations which indicate a
slightly higher incidence of perinatal mortality for those deliveries
which experienced medical complications of pregnancy. The correlations
of these factors with birth weight and gestational age show similar ®
patterns} they are small iﬁ magnitude and indicate that lower than
average birth weight and gestational age is slightly associated with
these deliveries which involved most of the medical cdmplications con- ‘
sidered in this study. The correlations for the four obstetrical fac-
tors with each of the three outcome categories are larger than those
noted for the eight medical factors. They indicate that if a preg-
nancy is complicated by one or more of the obstetrical factors then
there is a slightly greater chance that the pregnancy will fesult in a
perinatal death and Jow birth weight and ]ow gestational age, than if
the parturient did not have these conditions. Little pairwise correla-
tion among the eight medical factors was noted. The reader should note
that the correlations given in this chapter are Pearsonian correlation
coefficients which were obtained as a by-product of the computer pro-
gram which was used to obtain stepwise regression analyses. The cor-
relations were used for their descriptive merit since interest centered .

on their relative magnitudes. Small correlations for dichotomous .
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variables are not interpreted as being unimportant since the Pearsonian
coefficient is of limited value for such variables particularly if their
occurrence is rare.

When only complicated deliveries are considered, then (1) anemia
occurs most often as a single medical complication, (2) premature
rupture of the membranes occurs most often as a single obstetrical
complication, (3) the pairwise occurrence of the medical factors revéals
that only 9 of the 56 combinations have percentages greater than 10%

__and (4) the_ pairwise combinations of obstetrical factors show that
premature rupture of the membranes is the leading obstetrical co-compli-
cation of pregnancy. N

When the data are analyzed by means of a categorical data frame-

r“work and tests of homogeneity are conducted, the results indicate that
each of ihe ovstetrical factors, race and.type of obsietiical service

.are quite h}ghly associated with each of the three responses. Cardio-
pulmonary disease and positive serology are not important factors with
respect to the three outcome categories examined in this study.

The results obtained from the stepwise regression analyses for
Model | show that the regressors for the obstetrical complications and
maternal race are the first two regressors to enter the stepwise pro-
cesses for each of the three dependent variables. This indicates that
these two factors are more important than the other four (Qiz., maternal

7 ége, sex of offspring, parity and medical complications) when each of
the three dependent variables are studied under Model |. The regressor
for the medical factors entered the stepwise process at the third step

for perinatal outcome and at the last step for both birth weight and

gestational age.
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The results for Model 1l show certain striking differences from
those for Model I. The most striking finding is that when the other
two dependent variables are treated as if they were regressors, their
respective regressors (b]2 and bl3) are among the first two or three to
enter each of the stepwise regression equations. Also of interest is
that by employing the remaining two dependent variables as regressors
one obtains regression equations which account for considerably more of
the total variation.

Analysis of F-values which test whether or not each partial

regression coefficient equals zero reveal the following:

Model |

(1) When perinatal outcome is considered as the outcome of
interest none of the comparisons for maternal age are
significantly different from zero. With the exception
of the coefficient for those of parity 2, the remaining
7 ccefficients are statistically different froem zero.

(2) The results for birth weight show that the coefficients
for ages 20 through 24, parity 3 and medical complications
are not significantly different from zero; the remaining
coefficients are statistically different from zero.

(3) The results for gestational age are similar to those for

birth weight except that the coefficient for ages 20
through 24 js statistically different from zero.

Model 11

(1) When perinatal outcome is considered as the outcome, the
coefficients for ages 20 through 24 and 25 through 29,
for primiparas and for both type of obstetrical service
and obstetrical complications are not significantly
different from zero; the remaining coefficients are
statistically different from zero.

(2) The results for birth weight indicate that ages under 20
and 25 through 29, parity 2 and those deliveries which
involved medical complications had coefficients which
were not significantly different from zero; the remaining
coefficients were statistically different from zero.
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The F-values for gestational age show that the coefficients
for race, type of obstetrical service and medical complica-
tions of pregnancy are not statistically different from

zero; the remaining coefficients are statistically different
from zero.



CHAPTER V

EFFECTS OF SELECTED DEMOGRAPHIC FACTORS ON EACH DEPENDENT VARIABLE:

MULTI1-STAGE METHODOLOGY

5.1. Introduction

This chapter presents results which were obtained through the
application of a relatively new statistical methodology which was
geared toward ease of interpretation.

The results of the previous chapter reflected a main effect
orientation since each of the demographic, medical and obstetrical
factors were analyzed to determine their individual and partiai associ-
ations with each of three dependent variables. However, a review of
the literature indicated that certain interactions should be taken into
account when one attempts to characterize perinatal outcomes. For
example, Helms [113] noted that the interaction of maternal age and
parity was highly significant with respect to pfedicted birth weight.
His finding suggested that parturients of similar parity levels produce
offspring of different birth weights depending on their status with
respect to maternal age. This type of interaction is termed a first-
order interaction of parity X maternal age. It is not unreasonable to
contemplate the existence of higher order interactions which might
influence perinatal outcomes. Certain diseases, psychological dis-

orders and other social conditions are characterized by the concurrence
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of several symptoms (effects). Such'patterns of concurrence are
| o
usually referred to in medical literature as syndromes and have been
studied to some extent as to theif effect on perinatal outcomes. How-
ever, these studies have been limited by several factors, such as
(1) difficulties in attempting to interpret high order interactions
for which the effects of several other factors have been held constant,
(2) the extent to which the measurement scales are qualitative rather
than quantitative and (3) the coincident requirement of a large data
set to study refined sub-classifications and the corresponding expense
involved in collection, processing and computer manipulations of the
data.
This chapter presents results for tﬁe three outcome variables of
interest in terms of a statistical methodqlogy which focused on certain
syndromes of obstetrical practice. The 28,353 deliveries were classi- '
—fied into s;bgroups and studied at a more refined or microscopic level
than was employed in the previous chapter,
Koch and'Greenberg [114] report an approach to stafistical analy-
ses of large data files which ". . . is straightforward and direct, is
reasonably inexpensive, and leads to estimateéd parameters and tests of
significance which can be clearly interpreted." They note that this
approach can be applied to almost any large scale research project and
_ that the data can be analyzed in a multiphase fashion in which:
(1) the data file is partitioned into a number of distinct
subsets and a separate analysis is performed within each

subset which yields a set of estimated parameters,

(2) the set of estimated parameters for the respective subsets
are then synthesized together by suitable analytical methods.

There are essentially two principal issues at stake when one uses .



96
this type of statistical methodology; viz., the extent to which the
data can be partitioned into subgroups and the extent to which data
within the respective subgroups can be summarized in terms of a
simplified set of estimated parameters.

The initial problem of defining subgroups is similar to that
encountered with respect to decisions regarding methods of stratifica-
tion and/or blocking since a decision must be made as to which variables
are to be used to define subgroups. It was decided to employ the levels
of the 5 demographic factors to define 64 subgroups. The levels of the
5 demographic factors were chosen to define subgroups since it is a
simple process for a physician, or his assistant, to determine the raée,
maternal age, type of obstetrical service which the patient can afford
and the level of parity of a pregnant womaﬁ. Practicing physicians use
these four factors {and other factors, such as previousbnregnancy
history) as a frame of reference for their impressions regarding the
prognosis of pregnancy. Sex of offspring is included in the set of
factors Jefining the subgroups since it has been reported that females
weigh less than males at birth (regardless of race) and have lower
birth weight- specific mortality rates. [12, 18] The 6h_subg}oups
resulted from combinations of four levels for maternal age and two each
for sex, race, type of obstetrical service and parity. These levels
correspond to the method of categorization noted in Table 10 of
Chapter 1V.

In the first stage of the multi-stage methodology the complete
data set (28,353 deliveries) was subdivided into 64 subgroups and for
" each subgroup an estimated measure of central tendency and its standard

error were determined with respect to each of the responses. These
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measures are briefly discussed as to their variation from subgroup to
subgroup. At _subsequent stages, these estimated parameters are analyzed .
to determine patterns of interaction of the demographic factors with .
each of the three dependent variables. They are also studied from a
point of view of determining a direct interpretation of the data; that
is, a search is made to find efficient models which adequately describe
the data. The adequacy aspect of a model is judged by a chi-square
statistic for a weighted error sum of squares. If this chi-square
statistic has ¢ degrees of freedom, two criteria for judging the
acceptability of the model are:
(1) 1f Prix2{c) > X2} > 0.25, then the model is adequate, -
(2) 1f Pr{x?(c) > X2} < 0.25, it is desired that the amount
of variation accounted for by the model is substantially
larger than that accounted for by error; this is measured
by the ratio of the amount of variation accounted for by the
mode! per degree of freedom te the amount of variatinn
accounted for by the error per degree of freedom; it is .’
desired that this ratio yield an index which is large,
say 10 or more; if the index is large then one has an
interesting model although the model does not fit well.
Table 14 identifies each subgroup with respect to the levels of
the five demographic factors and shows the number of deliveries for
each subgroup.
The number of deliveries per subgroup ranged from 8 deliveries
for subgroup #31 (F, W, ST, 30+, P) to 2,177 deliveries for subgroup
#56 (M, W, PRIV, 30+, MULT). Some writers refer to a small sample size
as that for which less than 25 or 30 observations are available. |If one
employs a sample size of less than 30 as the definition of a small
sample, then 8 of the 64 subgroups may be considered as small. However,

over one-half (39 of 64) of the subgroups contained more than 100

deliveries and 50 subgroups contained more than 50 deliveries. .
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TABLE 14,--Subgroup Number, Subgroup ldentification and Size of Each

‘ Subgroup, Mac Donald House Perinatal Study, 1962-1969
Subgroup identification®
Subgroup Sex of Maternal Size of
number offspring Race  Service age Parity subgroup
] F NW PRIV <20 P 53
2 F NW PRIV <20 MULT 11
3 F NW PRIV 20-24 P 101
L F NW PRIV 20-24 MULT 93
5 F NW PRIV 25-29 P 63
6 F NW PRIV 25-29 MULT 186
7 F NW PRIV 30+ P 30
8 F NW PRIV 30+ MULT 233
9 F NW ST <20 P 1137
10 F NW ST <20 MULT L52
1 F NW ST 20-24 P 623
12 F NW ST 20-24 MULT 1308
13 F NW ST 25-29 P 25
14 F NW ST 25-29 MULT 993
15 ‘ F NW ST 30+ P 39
16 F NW ST 30+ MULT 943
17 F W PRIV <20 P 135
18 F W PRIV <20 MULT 20
5 F W PRIV 20-24 P 9u8
’ 20 F W PRIV 20-24 MULT 802
21 F W PRIV 25-29 P 739
- 22 F W PRIV 25-29 MULT 1829
23 F W PRIV 30+ P 274
24 F W PRIV 30+ MULT 2051
25 F W ST <20 P 146
26 F W ST <20 MULT 30
27 F W ST 20-24 P 133
28 F W ST 20-24 MULT 114
29 F W ST 25-29 P 18
30 F W ST 25-29 MULT 74
31 F W ST 30+ P 8
32 F W ST 30+ MULT 70
33 M NW PRIV <20 P Ly
34 M NW PRIV <20 MULT ’ 9
35 M NW PRIV 20-24 P 104
36 M NW PRIV 20-24 MULT 18
37 M NW PRIV 25-29 P 78
38 M NW PRIV 25-29 MULT 189
39 M NW PRIV 30+ P 53
- Lo M NW PRIV 30+ MULT 245
L3 M NW ST <20 P 1277
L2 M NW ST <20 MULT k92"
. L3 M NW ST 20-24 P 632
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Subgroup identification®

Subgroup Sex of Maternal Size of
number offspring Race Service age Parity subgroup
L M NW ST 20-24 MULT 1310
45 M NW ST 25-29 P 98
ke M NW ST 25-29 MULT 1031
L7 M NW ST 30+ P 33
L8 M NW ST 30+ MULT 992
ko M W PRIV <20 P 157
50 M W PRIV <20 MULT 24
51 M W PRIV 20-24 P 1103
52 M W PRIV 20-24 MULT 821
53 M W PRIV 25-29 P 750
54 M W PRIV 25-29 MULT 1936
55 M W PRIV 30+ P 251
56 M W PRIV 30+ MULT 2177
57 M W ST <20 P 177°
58 M W ST <20 MULT 34
59 M W ST "20-24 P 150
60 M W ST 20-24 MULT 117
61 M W ST 25-29 P 18
62 M W ST 25-29 MULT 90
63 M w ST 30+ F 9
64 M W ST 30+ MULT 83

NW

PRIV
ST

MULT

denotes
denotes
denotes
denotes
denotes
denotes
denotes
denotes

female offspring
male offspring

nonwhite

white

private obstetrical service
staff obstetrical service

primipara
multipara
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The remainder of this chapter is divided into four major sections
as follows:
5.2. Results for Perinatal Mortality as the Dependent Variable
5.3. Results for Birth Weight as the Dependent Variable
5.4, Results for Gestational Age as the Dependent Variable

5.5. Summary

5.2. Results for Perinatal Mortality as the Dependent Variable

5.2.1. First stage analysis of perinatal mortality

Table 15 shows rates of perinatal mortality per 1,000 deliveries
and their standard errors per 1,000 deliveries for each of the 64 sub-
groups listed in Table 14, In order to avoid singularities in covari-
ance matrices, when the perinatal mortality rate was zero, an estimated
standard error was calculated as follows (see Berkson [115]):

(1) if. there are n deliveries in the subgroup, then let
p = %F’ where p is a pseudo-estimate of the perinatal

mortality rate used in the determination of the
standard error; this is to be distinguished from the
actual mortality rate p = 0 in such cases

(2) an estimate of the variance per 1,000 deliveries =

1 1 :
L Loo-L
p-(1-p) . 108 = 2n 2n’ | 106 - 1y, I06
n n 2n2 2n

(3) hence an estimate of the standard error =

1
1. 1y .03
‘\/—-—2- (1 -3 « 10

2n
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TABLE 15.--Perinatal Mortality Rates and Standard Errors per 1,000

Deliveries by Subgroup,

Mac Donald House Perinatal Study,

1962-1969
Perinatal_

mortality Standard

Subgroup identification rate per error per

Subgroup Maternal 1,000 1,000

number Sex Race Service age Parity | deliveries | deliveries
1 F  NW PRIV <20 P 0 13.28°
2 FNW PRIV <20 MULT 0 62.80°
3 F NV - PRIV 20-24 P 9.90 9.90
4 F NW PRIV 20-24 MULT" 0 7.562
5 FNW PRIV 25-29 p 47.62 27.05
6 FNW PRIV 25-29  MULT | 26.88" 11.89
7 FNW PRIV 30+ P 33.33 33.33

8 FNW PRIV 30+ MULT w7.21" 13.92 °
9 F o ONW ST <20 P 39.58" 5.78
10 FoooNW ST <20 MULT 48.67" 10.13
1 F N ST 20-24 3 36.92" 7.56
12 F NW ST 20-24 MULT 40.52* c.h5
13 FoONW ST 25-29 p. 63.16" 25.09
14 FooONW ST 25-29 MULT 41.29 31.87
15 FoooNW ST 30+ P | 102.56" 49.22
16 FoooONW ST 30+ MULT 51.96" 7.23
17 F W PRIV <20 p 22.22 12.73
18 F W PRIV <20 MULT 50.00 50.00
19 F W PRIV 20-24 P | 16.88" 4.19
20 F W PRIV 20-24 MULT 23.70" 5.37
21 F W PRIV 25-29 P 10.82" 3.81
22 F W PRIV 25-29 MULT 14.76" 2.82
23 F W PRIV 30+ p 21.90" 8.86
214 F W PRIV 30+ MULT 21.45" 3.20
25 F W ST <20 P 20.55 11.78
26 F W ST <20 MULT 66.67 46.32
27 F W ST 20-24k P 22.56 12.92
28 F W ST 20-24 MULT 8.77 8.77
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Perinatal
mortality Standard
- Subgroup identification rate per error per
Subgroup | Maternal 1,000 1,000
number Sex Race Service age Parity | deliveries | deliveries
29 F W ST 25-29 p NI 76.22
30 F W ST 25-29 MULT 27.03 18.98
31 F W ST 30+ p 0 82.68°
32 F W ST 30+ MULT 57.14" 27.94
33 M NW - PRIV <20 P 0 15.89°
34 Mo ONW PRIV <20 MULT 0 74.07°
35 Mo NW PRIV 20-2L p 19.23 13.53
36 Mo NW PRIV 20-24 MULT 25.42 14,55
37 Mo ONW PRIV 25-29 P 38.46 21.92
38 M NW PRIV 25-29 MULT 42.33" 14.68 -
39 M ONW PRIV 30+ P ok, 34" 40.53
4o Mo NW PRIV 30+ MULT 28.57" 10.67
4 MoNW ST <20 P 43.07" 5.68
42 Mo NW ST <20 MULT 54, 88" 10,28
43 MoNW ST 20-24 P 4h.30" 8.19
Ll Mo NW ST 20-24 MULT 45.04" 5.73
L5 MoONW ST 25-29 P 30.61 17.49
L6 MoONW ST 25-29 MULT 47.53" 6.63
L7 Mo NW ST 30+ p 60.61 42.18
48 Mo N ST 30+ MULT | 71.57 8.19
49 M W PRIV <20 P - Lk, 58" 16.52
50 M W PRIV <20 MULT 41.67 41.67
51 M W PRIV 20-24 P 19.04" .12
52 M W PRIV 20-2h  MULT | 31.67 6.12
53 M W PRIV 25-29 p 26.67" 5.89
5k M W PRIV 25-29 MULT 21.69" 3.31
55 M W PRIV 30+ P 11.95 6.87
56 M W PRIV 30+ MULT 32.15" 3.78
57 M W ST <20 p 11.30 7.97
58 M W ST <20 MULT 0 20.49°
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TABLE 15.--(Continued)

Perinatal
mortality Standard
Subgroup identification rate per error per
Subgroup Maternal 1,000 1,000
number Sex Race Service age Parity | deliveries | deliveries
59 M W ST 20-24 P 13.33 9.40
60 W ST 20-24 MULT 17.09 12.03
61 W ST 25-29 P 55.55 55.56
62 M W ST 25-29 MULT 22.22 15.62
63 M W ST 30+ P 1M1. 1N 11111
64 M W ST 30+  MULT 60.24 " 26.28

* .
Denotes the rate is such that {0 < rate -2(standard error)}

®Estimated bY—\/l*E' (1 - =) - 103 where n is given in Table 14
2n
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As can be notéd from Table 15 the rates of perinatal mortality
per 1,000 deliveries ranged from 0.00 per 1,000 deliveries to 111.11
per 1,000 deliveries. Those rates which are starred (*) were more than
two standard errors beyond zero; such a magnitude of distance from zero
was taken to imply that these starred perinatal mortality rates were
statistically greater than zero. One-half (32 of 64) of the subgroups
experienced perinatal mortality rates which were statistically greater
than zero. Commentary regarding these perinatal mortality rates was
brief since the objectives of the first stage analysis were:
(1) to determine estimates of the perinatal mortélity rates
and their respective standard errors for each of the 64
subgroups,

(2)-to note patterns of variation of the perinatal mortality
rates across the 64 subgroups.

A review of the perinatal mortality rates shown in Table 15 indi-
cated that the highest perinatal mortality‘rate,’lll.ll per 1,000
deliveries, ;as for subgroup #29 (F, W, ST, 25-29, P) and also for sub-
group #63 (M, W, ST, 30+, P). The reader should note that these two
subgroups had 18 and 9 deliveries, respectively. The effects of these
small sample sizes are revealed in the standard errors for the estimated
perinatal mortality rates, 76.22 and 111.11, respectively. Hence, these
two rates are not statistically greater than zero once their standard
errors are taken into account.

If the standard errors are taken into account then the following
10 subgroups experienced excessively high rates of perinatal mortality;

the magnitude of these rates was so great that the rates were more than

six standard errors beyond zero:
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Perinatal

‘mortality Standard
Subgroup: :?Sgoper ?:888 Per
number Subgroup identification deliveries deliveries
9 (F, NW, ST, <20, P) 39.58 5.78
12 (F, NW, ST, 20-24, MULT) 4o.52 5.45
16 (F, NW, ST, 30+, MULT) 51.96 7.23
2k (F, W,'PRIV, 30+, MULT) 21.45 3.20
I (M, NW, ST, <20, P) 43.07 5.68
by (M, NW, ST, 20-24, MULT) 45,04 5.73
L6 (M, NW, ST, 25-29, MULT) 47.53 6.63
48 (M, NW, ST, 30+, MULT) . 71.57 8.19
54 (M, W, PRIV, 25-29, MULT) 21.69 3.31
56 (M, W, PRIV, 30+, MULT) " 32.15 3.78

These ten subgroups are depicted in the following flow
diagram, Figure 2.

The following comments apply to the flow diagram shown in
Figure 2:

(1) Six of the subgroups involved male deliveries and of these
6 subgroups &4 involved nonwhite staff parturients of each
maternal age category and primiparity was represented only
once--for the under 20 category.

(2) Two of the 6 male subgroups involved white, private multi-
paras; one was in the 25 through 29 age category and the
other was 30 or more years of age.

(3) Three of the 4 female subgroups involved nonwhite staff
parturients; one of which was a primipara aged less than
20, another was a multipara in the 20 through 2L age
category and the third was a multipara 30 or more years
of age.
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Figure 2

Flow-diagram of the Demographic Factors for the Ten Sub~groups Which Had
Excessively High Rates of Perinatal Mortality, Mac Donald House Perinatal Study, 1962-1969
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(4) The other female subgroup involved a white private patient
who was a multipara and was 30 or more years of age.

Thus the following levels of the five demographic factors occurred
most often for the ten subgroups which experienced excessively high
perinatal mortality rates:

(1) males more than females

(2) nonwhite more than white

(3) staff more than private

(4) 30 years of age or over more than (a) under 20, (b) 20
through 24 and (¢) 25 through 29 years of age

(5) multipara more than primipara.
5.2.2. Subsequent stages of the analyses of perinatal mortality

In this section the estimated perinatal mortality rates per 1,000
deliveries and their respective variances per 1,000 deliveries for each

1.,
]

of the &4 subgroups were employed as input variables for Tuirther analy
ses to (1) study patterns of interaction suspected from a review of the
perinatal mortality rates:-shown in Table 15 and (2) determine models
which adequately describe (as defined in the previous section) the phe-
nomena observed in Table 15,

The five demographic factors have been defined in a categorical
fashion. The principle objective in analyzing such data is to fit
models to corresponding multidimensional contingency tables and to
test appropriate hypdtheses regarding the effects included in the
model. Grizzle, Sta?mer and Koch [116] have shown how a general

weighted least squares technique provides a straightforward and unified

approach for this purpose. They report that if one assumes the data are
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distributed as the product of several multinomial distributions then

. both linear and nonlinear functions, F(P_), can be estimated together

. with a corresponding covariance matrix (the results presented in this
study will employ linear functions). The functions, F(p), are analyzed
by linear regression models fitted by the weighted least squares pro-
cedure. The resulting chi-square statistics used to test various
hypotheses belong to the class of minimum modified chi-square statistics
due to Neyman [117] which is equivalent to the general quadratic cri-
teria of Wald [118].

In brief, the Grizzle, Starmer and Koch approach éssumes that the
product of several multinomial distributioﬁs is an appropriate under-~
lying model for the data. One assumes that F(p), where p is a vector
of estimated parameters (the 64 perinatal mortality rates here), can be

terized by the liwear model X3, where X is an arbitrary design

matrix of full rank and B is a vector of unknown parameters; viz.,

E{F(p)} = XB . (1)
A best asymptotic normal (BAN) estimate of B is given by b, when b is

the vector which minimizes

-1

(F(p) - xb)' s~ (F(p) - Xb) ' (2)

where S is an estimated covariance matrix for the estimate of F(p).
The minimum value of (2) provides a test of the adequacy of the fit of
-the model. Tests of hypotheses of the form C B = 0 are determined from

~

conventional methods of weighted regression, where C is a matrix of

) arbitrary constants of full rank g < r. The test statistic for the

~ adequacy of fit of the model is

. x? = SS{F(p) = Xxg} = F(p)' §—] Flp) - b'()~('§_l)~()’]'_b_
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which, if the model fits, has (asymptotically) a central chi-square

distribution with (g-r) degrees of freedom, where

b = x's71x) xr g7 F(p), and
g = number of elements in F(p)
r =

rank of X,

In addition to testing the goodness of fit for the linear model of
interest, one can test appropriate hypotheses pertaining to the esti-
mated parameters in the b vector. The test statistic for such tests of
- hypotheses regarding the b vector is

x* = ss(cg = 0) = preleix's el e

~ A~ ~ ~

which has approximately a chi-square distribution with k degrees of
freedom in large samples under the restriction that the null hypothesis

is true.

The first model, Model Ill, which was applied to the 64 perinatal

.mortality rates was based on the following design matrix:
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hence Model 111: E{F(p)} = X3.§
where
X.] = 1 and denoted an overall mean rate of perinatal mortality
X = _{-l if female delivery
i2 ~1 if male delivery
X = _{} if nonwhite delivery
i3 =1 if white delivery
X = { 1 if private obstetrical service
i -1 if staff obstetrical service
Xi5 = linear component of maternal age
Xi6 = (first) nonlinear component of maternal age
xi7 = (second) nonlinear component of maternal age
X 1 for primipara
i8 -1 for multipara

I't should be noted that the linear component of maternal age was used
as a measure or the degree of monotonicity.in the relatvionsnip petween
perinatal mortality and maternal age and the two nonlinear components
were employed as measures of the relationship which are non-monotonic.

Table 16 shows the effects, standard errors as well as chi-square values

for the factors of interest in Model 111.
Since the chi-square value for error in Model 11l was equal to
78.83 and Pr{x2(56) > 78.83} < 0.25, Model 111 did not satisfy the

first criterion for adequately describing the perinatal morfality rates
given in Table 15. The results of Model |1l were presented to document
the fact that a simple additive model of main effects did not adequately
describe the data. Model |l was inadequate due to lack of fit, which
implied that interactions of the demographic factors on rates of peri-

natal mortality are important since they were missing from Model |11,
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TABLE 16.--Effects, Standard Errors and Chi-Square Values for the 64

Perinatal Mortality Rates per 1,000 Deliveries, Model i1,
Mac Donald House Perinatal Study, 1962-1969
Standard
Effect per | error per Degrees
1,000 1,000 of - Chi-square
Estimated parameter |deliveries| deliveries | freedom value
Error 56 78.83*
Mean 30.62 1.13
Model (adjusted for | 7 132.96°
the mean) a
Sex -3.28 0.97 1 11.57
Race 6.01 1.42 1 17.90°
Service -6.32 1.52 1 17.25°
Age: 3 13.49°
Linear 1.60 0.68 1 5.58°
. Ist 1.83 1.10 a
Nonlinear ond 0.26 0. 40 2 3.46
Parity -1.81 1.10 ! 2.68°

V3

“Denotes statistical significance at the 5% level

aDegree of importance not determined since the chi-square due to
error is large
On the other hand, even though Model 11l was inadequate due to the mag-
nitude of the error term it was noteworthy that an index for the amount
of variation accounted for by the regression per degree of freedom to
the amount of variation accounted for by error per degree of freedom
equaled 13.5 ({(132.96/7)/(78.83/56)}= 13.5) and hence the second cri-
terion for adequacy of a model was met since the index was greater
than 10. Hence, the results for Model Ill were of descriptive value.

The effects of the 8 parameters of Model 111 revealed that:

(1) The estimated mean perinatal mortality rate was 30.62 per
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1,000 deliveries.
(2) The main effects of race and type of obstetrical service
- were large as compared to the other three main effects on

perinatal mortality.

(3) Male offspring experienced higher rates of perinatal
mortality than did female offspring.

(4) Nonwhite deliveries experienced higher perinatal mortality
rates than did white deliveries.

(5) Staff patients had higher perinatal mortality rates than
did private patients. :

(6) Multiparas experienced higher perinatal mortality rates than
did primiparas.

(7) The linear (monotonic) effect of maternal age was more
important than its nonlinear effect. -

The original 64 subgroups were reclassified into 8 major groups
by employing the 2 levels of race and the 4 levels of maternal age in
an effurt to determine suspcocted patterns.of interaction of the demo-
graphic fattors on rates of perinatal mortality. For each of these 8
majof groups a three-dimensional 2 X 2 X 2 table was developed such
that the appropriate 8 perinatal mortality rates and their respective
standard errors noted in Table 15 were the entries. The 8 sub-
classifications per major group were defined by the levels for sex of
offspring, type of obstetrical service and parity (each factor has 2
levels). ThQs for each of the 8 major~groups defined by the race and
maternal age levels the next stage of analyses was designed to study
the effects of sex, type of obstetrical service, parity as Qell as an
overall mean on rates of perinatal mortality. Model IV employs the

following design matrix:
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1
l

—
1
—
1
—

ﬁ
1
1
i
L

hence Model IV: E{F(p)} = Xy B

where

above.

I
™

1 and denotes an overall mean rate of perinatal mortality

1 if female offspring
if male offspring

|
-—

- ] if private obstetrical service
-1 if staff obstetrical service

if primipara
if multipara

Table 17 presents the results for the 8 sets of analyses described

The

error terms for the 8 sets of results for Model IV are such

that the first criterion for adequacy of the model was met, viz.,

Prix? (L) 3_X2} > 0.25. The results for Model IV revealed the following

four patterns:

(1)

(2)

A common interpretation was attained for nonwhite parturients
aged other than 25 through 29, viz., the sex of offspring
effect and that for parity were not statistically different
from zero. The effect of type of obstetrical service was
statistically different from zero and indicated that staff
deliveries for these 3 race and maternal age categories
experienced higher rates of perinatal mortality than did
private deliveries.

A common interpretation was also produced for nonwhite
parturients aged 25 through 29 and for white parturients
under 25 years of age. The effects of sex of offspring,
type of obstetrical service and parity were not '
statistically different from zero.
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(3) The results for white parturients aged 25 through 29
revealed that the effect for sex of offspring was
statistically different from zero and that neither
the effect of type of obstetrical service nor that of
parity were statistically different from zero. These
data revealed that male offspring of white parturients
aged 25 through 29 experienced a significantly higher
rate of perinatal mortality than did female offspring.

(4) The effect of parity for white parturients aged 30 or
more was statistically different from zero. The effects
for sex of offspring and type of obstetrical service were
not statistically different from zero. These data indi-
cated that white multiparas aged 30 or more experienced
a higher rate of perinatal mortality than did white primi-
paras.

Each of the eight error terms obtained for Model 1V was not

statistically significant at the 25% level. This was taken to imply

that the following 16 interactions on perinatal mortality were not

important; that is, they were not large enough to be considered measur-

able given the size of the data set at hand:

Number of degrees of

Interaction freedom accounted for
1 Sex X Service 1
2 Sex X Parity ]
3 Service X Parity 1
L Sex X Service X Parity ]
5 Race X Sex X Service |
6 Race X Sex X Parity 1
7 Race X Service X Parity 1
8 Race X Sex X Service X Parity 1
9 Age X Sex X Service 3
10 Age X Sex X Parity 3
11 Age X Service X Parity 3
12 Age X Sex X Service X Parity 3
13 Age X Race X Sex X Service 3
14 Age X Race X Sex X Parity 3
15 Age X Race X Service X Parity 3
16 Age X Race X Sex X Service X Parity 3
32

There are 64 degrees of freedom for the perinatal mortality rates

considered in this study. Hence, at this stage of the analyses, 32 of
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the 64 degrees of freedom have been -found to be unimportant. The next
stage of the analyses studies the degree of importance of the remaining
32 degrees of freedom which are defined as follows:

Number of degrees of
freedom accounted for
Overall mean rate of perinatal niortality

Main effects: : Maternal age
Race
Sex
Service
Parity

Two factor interactions: Age X Race
Age X Sex
Age X Service
Age X Parity
Race X Sex
Race X Service
Race X Parity

Three factor interactions: Age X Race X Sex
Age X Race X Service
Age X Race A Pariuy

w
Nluww ——— W W W — - —

The next stage of the multi-stage process of analyses synthesized
the interpretations given above for Model IV. The effects of the four
types of estiméted model parameters (viz., for the overall mean, sex,
type of obstetrical service and parity) were studied as regérds their
variation among the 8 maternal age and race categories noted in
Table 17. Hence, this stage of the analyses was geared toward determi-
“nation of an efficient model for perinatal mortality across the 8 race
_and maternal age categories for each of the 4 model parameters. When
the mean effects (that is, the 8 estimated mean rates of perinatal
mortality for the race and maternal age categories) were considered,
interest centered on a determination of the main effect of race, main

effect of maternal age and the race X maternal age interaction on the

.
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overall mean rate of perinatal mortality. - However, when the effects
for sex of offspring, type of obstetrical service and parity were
studied, then interest centered on determination of an estimate of the
mean for each of these three particular effects as well as estimates of
the interactions of race X the particular effect, maternal age X the
particular effect and the race X maternal age X the particular effect.

Model V employs a saturated (or complete) design matrix, {5, in
an attempt to determine the effects of race,-maternal age and race X
maternal age on perinatal mortality for each of the four estimated
model parameters listed in Table 17. The design matrix, %5, is termed
a saturated design matrix since the number of columns of %5 equals the
number of rows of F(E) or, equivalently, tﬁe number of rows of %5_ The

format of 55 is as follows:

-

1 I -3 1 -1 -3 1 =i

1 T -1 -1 3 -1 -1 3

- ] 1 1 -1 -3 1 -1 -3

X5 = |1 1 31 o3 1 1

- 1 -1 -3 1 -1 3 -1 1

1 -1 -1 -1 3 1 1 -3

-1 1 -1 =3 -l ] 3

1] 3 1 1 -3 -1 —I_ﬁ
hence Model V: E{F(p)} = X5 8
-where

X . = 1 and denotes an overall mean rate of perinatal mortality

X. = 1 if nonwhite delivery
i2  \-1 if white delivery

>
l

= linear component for maternal age

= (first) nonlinear component for maternal age

>
E
!

(second) nonlinear component for maternal age

>
(]
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i2 i3
Xi7 = Xi2 X Xih these three terms define the race X .
maternal age interactions
Xig = Xi2 X X5

Table 18 shows chi-square values for the b4 sets of analyses

which were obtained for Model V.

TABLE 18.--Chi-Square Values for Perinatal Mortality as Determined from
Analyses of Estimated Model Parameters for the Mean, Sex,
Service and Parity, Model V, Mac Donald House Perinatal
Study, 1962-1969

Chi-square value

Estimated model parameter

Source of Degrees of .
variation freedom Mean Sex Service Parity
Mean 1 3.57 14, 54" 0.09
Model (adjusted 7 99.10* 2.02 39.55* 5.64 ‘
for the mean) :
Race (R) ] 8.05°  0.10 8.62" 1.0k .
Maternal age: 3 22.@5* 0.94 2.68 0.75
Linear (L) ] 1n.49"  0.82 1.39 0.64
Nonlinear (NL) 2 5.21 0.31 1.70 0.02
All interactions: 3 2.87 0.57 10.20" 2.32
R XL i 2.34  0.21 7.99" 1.80
R X NL 2 0.08 0.40 0.73 1.37

,L

‘Denotes statistical significance at the 5% level

The chi-square values shown in Table 18 presented an informative
interpretation of the variation of the four sets of effects listed in
Table 17. The results obtained by an application of Model V on the mean .

effects show that the main effects of race and maternal age were
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statistically different from zero and that the'linear effect of maternal
age was more important than the nonlinéar.effect of maternal age. It
is also noteworthy that none of the race X maternal age interactions
were statistically different from zero.

Since race and maternal age effects were found to be significant
contributors to the variation noted for the mean rates of perinatal
mortality the natural question to ask is:  Can one pinpoint the sources
of variation within the levels of each factor? A review of the mean
effects shown in Table 17 revealed that the average rate of perinatal
mortality was about the same for nonwhite and white deliveries to
parturients under 25 years of age. The effects for both nonwhite and
white parturients aged 25 or more were higher than those for younger
white and nonwhite parturients of similar age. Hence, it was deemed
Feasonable Lu vetermine a cuimposite rate éf perinatal mortality for
young partutients (those under 25 years of age) and a composite rate
of perinatal mortality for older parturients (those.ZS years of age
and over), regardless of race, and test any difference noted. Model
VI-A was designed to study this point and to determine (1) if the over-
all rate of perinatal mortality for nonwhite parturients 25 years of age
or over was statistically different from the overall rate for white
parturients of similar age and (2) if the rate of perinatal'morta]ity
for both nonwhite and white deliveries for parturients 30 years of age
or more was statistically different from that for parturients 25

through 29 years of age.

The following design matrix was constructed for Model Vi-A:
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- —
1 0.0 o
1 0 0 o0
0 1 1 |
Xea = [0 1 1 -
1 "0 0 0
1 0 0 o0
o 1 - 1
__0 1 "] _]__J
hence Model VI-A: E{F(p)} = X 6 8
where
X . = 1 if parturient under 25 years of age
il 0 otherwise
X = 1 if parturient aged 25 or more
i2 0 otherwise

if nonwhite parturient aged 25 or more
if white parturient aged 25 or more

1 if parturient aged 25-29 years of age )
c1 if parturient aged 30 or more

>
W

I
o g

>
I

Table 19 shows the effects, standard errors and chi-square values

obtained from the application of Model VI-A,

TABLE 19.--Effects, Standard Errors and Chi-Square Values for Perinatal
Mortality as Determined from Analysis of Estimated Mean
Effects, Model VI-A, Mac Donald House Perinatal Study,

1962-1969
Effect Standard s
Chi-square value
per error per
1,000 1,000 Degrees of freedom
Source of variation deliveries |deliveries 4 i
Error h.33
*
Maternal age < 25 (b]) 22.26 1.96 | 128,55
Maternal age of 25 %
or more (bz) ' 39.78 2.94 182.68
(bl versus bz) 17.52 3.54 24,54
(NW versus W | maternal N
age 25 or more) 9.89 3.33 8.82
(25 through 29 versus N
30+ | race) -8.53 3.06 7.77

*
Denotes statistical significance at the 5% level
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The chi-square value for the error term was equal to 4.33 and
Prix?(h) > 4.33} > 0.25. Since this value satisfied the first criterion,
Model VI-=A was deemed to adeqhately describe the data. The chi-square
values for the other terms showed that the value for comparing the mean
rate of perinatal mortality for:

(1) young versus older parturients (b] versus b2) was 24.54

which was statistically different from zero and indicated
that the older parturients experienced a significantly
higher rate of perinatal mortality than did younger par-
turients,

~(2) nonwhite versus white deliveries, given that interest
centered on parturients 25 or more years of age, was
8.82 which was statistically different from zero and
indicated that such nonwhite parturients produced off- -
spring who had a significantly higher rate of perinatal
mortality than did corresponding white deliveries,

(3) deliveries to parturients aged 25 through 29 versus
those to parturients 30 or over was 7.77 which was
statistically different from zero and indicated that
the rate of perinatal mortality was greaier for
deliveries to parturients 30 or more years of age than
that for deliveries to parturients aged 25 through 29.
The sex effects listed in Table 17 were not large nor did they
vary to a great extent. The results of Model V indicated that race X
sex, maternal age X sex and the race X maternal age X sex interactions
on perinatal mortality were not statistically different from zero.
Hence Model Vi-B was constructed to determine if an overall mean

adequately described the sex of offspring effect on perinatal mor-

tality. The design matrix, X6B’f0r Model VI-B was $

Xep =
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-6B g

where X.] = 1 and denotes an overall mean sex of offspring effect,

Table 20 shows the results obtained for Model VI-B,

hence Model VI-B: E{F(p)} =

TABLE 20.--Effect, Standard Error and Chi-Square Values for Perinatal
Mortality as Determined from Analysis of Estimated Sex of
Offspring Effects, Model VI-B, Mac Donald House Perinatal
Study, 1962-1969

Effect Standard Chi-square val
per error per 9 va'ue
1,000 1,000 Degrees of freedom
Source of variation deliveries deliveries 7 ]
Error 2.02
%
Mean -3.34 0.99 : 11.46

*
Denotes statistical significance at the 5% level

The data in Table 20 reveal that a model which employed only a | .

mean for th¢ cex of ottspring effect on perinétal mortality adequately

described the data since the error term was such that the first cri-

terion of aﬁéquacy was met since Pr{xz(h) 3_2.02} > 0.25. This com-

posite sex effect on perinatal mortality was estimated to be -3.34 per

1,000 deliveries and indfcated that male deliveries experienced a

significantly higher rate of perinatal mortality than did female

deliveries. In particular, for any combination of the other four demo-

graphic factors, corresponding male deliveries were estimated to

experience 6.68 more perinatal deaths per 1,000 deliveries than cor-

responding female deliveries. -
The chi-square values shown iﬁ Table 18 for the race and maternal

age effects on type of obstetrical service effects with regard to peri- .

natal mortality revealed a race X service interaction which was
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statistically different from zero. None of the maternal age effects on
the service parameter were statistically different from zero although
there was a service X race X linear maternal age interaction which was
significant. This analysis supported Hendricks' [88] finding that there
is a race X service interaction with respect to perinatal mortality and
it extended his observation to include the age of the parturient; that
is, rates of perinatal mortality not only differed by race and service
considered jointly, they also have different patterns by maternal age X
race X service.

Model VI-C was developed to determine a composité obstetrical
service effect for parturients 30 or more.years of'age and for nonwhite
parturierrts under 25 years of age. These four race and maternal age
categories were of interest since their effects were large and were of
apmrovimztcly the same order of magnitude. The effects for the cther

four categories were negligible when their respective standard errors

were taken into account. The design matrix for Model VI-C was

|

Xec =

—
1

hence Model VI-C: E{F(p)} = X .. 8

where

1 if parturient over 30 years of age or nonwhite

X, . = parturient under 25 years of age
H 0 otherwise

The results for Model VI-C are given in Table YA
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TABLE 21.--Effect, Standard Error and Chi-Square Values for Perinatal
Mortality as Determined from Analysis of Estimated Type of
Obstetrical Service Effects, Model VI-C, Mac Donald House
Perinatal Study, 1962-1969

Effect Standard Chi- )
per error per i-square value
1,000 1,000 Degrees of freedom
Source of variation deliveries | deliveries 7 1
Error 6.59
30+, NW and under 25 -16.,14 2.28 49.98*

s

“Denotes statistical significance at the 5% level

The error term for Model VI-C had a chi-square value of 6.59 and
Pr{x?(7) > 6.59} > 0.25 and hence it met the first criterion for ade-
quacy. The composite type of obstetrical service effect of nonwhite
parturients under 25 years of age and parturients aged 30 or more
showed that corresponding staff deliveries were estimated to experience
32.28 more perinatal deaths per 1,000 deliveries than deliveries to
private patients. For the other race and maternal age categories there
was no statistically significant difference befween staff and private
deliveries with respect to perinatal mortality. These findings were
indicative of a race X maternal age X service interaction on perinatal
mortality and this interaction was independént of sex of offspring and
parity.

The results shown in Table 18 for the variation in the parity
effects on perinatal mortality revealed no statistically sigﬁificant
parity X race X maternal age interactions, nor parity X race or parity
X maternal age interactions. Hence, the variation noted for the effects
of parity on perinatal mortality could not be accounted for by race and

maternal age factors,
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The effects for parity noted in Table 17 gave essentially two
impressions:

(1) Nonwhite deliveries to parturients under 20 years of age
and white deliveries to parturients 30 or more years of
age had similar parity effects with respect to perinatal
mortality.

(2) The parity effects on perinatal mortality for nonwhite
deliveries to parturients aged over 20 and for deliveries
to white parturients less than 30 years of age were not
statistically different from zero. Thus, Model VI-D was
developed to determine the composite parity effect on
perinatal mortality for nonwhite deliveries to parturients
aged less than 20 years of age and for white parturients
30 or more years of age. The design matrix, X6 , for

. -bD
Model VI-D was.

] s
0
0
‘ X, . =10
~6D 0
0
0
LV
hence Model Vi-D: E{F(p)} = Xep B
where
1 if nonwhite delivery to parturient under 20 or
X white delivery to parturient over 30 years of age

i 0 otherwise

The results of Model VI-D are given in Table 22.
TABLE 22.--Effect, Standard Error and Chi-Square Values for Perinatal

Mortality as Determined from Analysis of Estimated Parity
Effects, Model VI-D, Mac Donald House Perinatal Study,

1962-1969 o
Effect Standard Chi-square value
per error per
1,000 1,000 Degrees of freedom
Source of variation deliveries |deliveries 7 1
Error 3.53
NW, 20 and W, 30+ -5.61 2.42 5.38

A"

“Denotes statistical significance at the 5% level
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The chi-square value for the error term was equal to 3.53 and
Pr{x2(7) > 3.53} > 0.25 and was such that the first criterion for ade-
quacy of the model was met; hence Model VI-D adequately fitted the data.
The effect of nonwhite parturients aged less than 20 and of white par-
turients aged 30 or more equaled -5.61 and indicated that such multi-
parous deliveries were estimated to experience 11.22 more perinatal
deaths per 1,000 deliveries than corresponding primiparous deliveries.
These findings were suggestive of a race X maternal age X parity inter-
action and this interaction was independent of sex of offspring and
type of obstetrical service.

This completed the analyses of effects of the five demographic’
factors on perinatal mortality. The next section shows the results of

similar analyses with birth weight as the dependent variable.

5.3. Results for Birth Weight as the Dependent Variable

5.3.1. First stage analysis of birth weight

The mean birth weight and standard errof for each of the 64 sub-
groups (definea in the previous section) are shown in Table 23.

The mean birth weights showed considerable variation émong the
64 subgroups; the range was from2,528.7 grams for subgroup #31 (F, W,
ST, 30+, P) to 3,367.7 grams for subgroup #56 (M, W, PRIV, 30+,

MULT) .

Discussion regarding these 64 mean birth weights was brief since
the purposes of the first stage analysis were the same as those noted
for the analyses of the perinatal mortality rates. If one were to
ignore the other L4 demographic factors and to consider only the sex of

offspring factor, then for 30 of the 32 comparisons male deliveries

.



TABLE 23.--Mean Birth Weight and Standard Error by Subgroup,
- ... .Mac Donald House Perinatal Study, 1962-1969 . .

128

Subgroup identification Mean birth | Standard
Subgroup Maternal weight error
number | Sex Race Service age Parity| (in grams) | (in grams)

1 F NW PRIV <20 P 3004.1 67.6
2 F NW PRIV <20 MULT 3080.0 1341
3 F NW . PRIV 20-24 P 2983.0 42.3
b F NW PRIV 20-24 MULT 3060.4 51.9
5 F NW PRIV 25-29 . 2927.7 92.4
6 F NW PRIV 25-29 MULT 3046.6 37.7
7 F NW PRIV 30+ P 2823.3 139.9
8 F NW PRIV 30+ MULT 2999.0 39.7
9 F NW ST <20 p 2830.0 18.7
10 F NW ST <20 MULT 2787.1 29.8
11 F NW ST 20-24 P 2905.,2 241
12 F NW ST 20-24 MULT 2910.7 17.2
13 F NW ST 25-29 P 2852.4 78.7
14 F NW ST 25-29 MULT 2970.7 20.8
15 F NW ST 304 - P 2588.9 126.8
16 F NW ST 30+ MULT 2941.0 23.8
17 F W PRIV <20 P 3092.0 53.9
18 F W PRIV <20 MULT 3108.0 162.4
19 F W PRIY 20-2h P 2212.¢ 16.2
20 F W PRIV 20-24 MULT 3178.2 18.8
21 F W PRIV 25-29 P 3179.6 18.6
22 F W PRIV 25-29 MULT 3215. 4 12.3
23 F W PRIV 30+ P 3134.0 32.5
24 F W PRIV 30+ MULT 3264.6 12.7
25 F W ST <20 P 3085.9 4L8.8
26 F W ST <20 MULT 2850.0 146.0
27 F W ST 20-24 P 3038.7 bé.4
28 F W ST 20-24 MULT 3120.7 k9.0
29 F W ST 25-29 P 2787.2 234.7
30 F W ST 25-29 MULT 3153.9 76.5
31 F W ST 30+ P 2528.7 126.5
32 F W ST 30+ MULT 3051.8 88.0
33 M NW PRIV <20 P 2941.8 78.4
34 M NW PRIV <20 MULT 3103.3 121.7
35 M NW PRIV 20-24 P 3214.6 57.8
36 M NW PRIV 20-24 MULT 3195.2 53.0
37 M NW PRIV 25-29 P 3085.2 61.1
38 M NW PRIV 25-29 MULT 3202.8 L4, 0
39 M NW PRIV 30+ P 2794.7 121.5
Lo M NW PRIV 30+ MULT 3264.8 hi.9
23 M NW ST <20 P 2975.6 17.7
L2 M NW ST <20 MULT 2892.0 31.7
43 M NW ST 20-24 P 2975.5 24.9
by M NW ST 20-24 MULT 2999.7 18.4
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TABLE 23.--(Continued) I

Subgroup identification ' Mean birth | Standard
Subgroup Maternal weight error
number Sex ' Race Service ~ age ~ Parity]| (in grams) | (in grams)

Ls M NW ST 25-29 P 2941.6 66.5
L6 M NW ST 25-29 MULT 3084.9 21.1
L7 M NW ST 30+ P 2730.6 145.5
48 M NW ST 30+ MULT 3065.9 23.2
Lo M W PRIV <20 P 3312.9 50.2
50 M W PRIV <20 MULT 3285.4 127.5
51 M W PRIV 20-24 p 3301.5 17.5
52 M W PRIV 20-24 MULT 3310.9 20.0
53 M W PRIV 25-29 P 3245.3 20.7
54 M W PRIV 25-29 MULT 3362.2 12.6
55 M W PRIV 30+ P 3215.5 36.1
56 M W PRIV 30+ MULT 3367.7 13.5
57 M W ST <20 P 3150.5 LT
58 M W ST <20 MULT 3242.6 91.8
59 M W ST 20-24 P 32241 45.3
60 M W ST 20-24 "MULT 3219.0 59.6
61 M W ST 25-29 P 3178.8 135.1
62 M W ST 25-29 MULT 3334.5 60.4
63 M W ST 30+ - P 3018.8 317.0
64 M W ST 30+ MULT 3137.1 76.2
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weighed more than female deliveries. If race was the only factor con-
sidered then the mean birth weight for white deliveries was higher than
that for nonwhite deliveries in 29 of the 32 racial comparisons. Vhen
type of obstetrical service was the only factor considered then 31 of
the 32 comparisons by service revealed that private deliveries had
higher mean birth weights than did staff deliveries. A clear trend for
mean birth weight was not observed for the effects of maternal age. The
comparisons by level of parity revealed that multiparous deliveries
weighed more than primiparous deliveries for 25 of the 32 comparisons.

The aBove interpretations of the effects of the 5 demographic
factors on mean birth weight were crude since certain interactions wére
apparent for the mean birth weights listed in Table 23. Hence, the
mean birth weights and their respective standard errors for the 64 sub-
groups were studied at a more refined level in thc next section.

5.3.2. Subséquent stages of the analyses of birth weight

The analyses of this section employed the estimated mean birth
weights and their respective variances for each of the 64 sub-
groups as input variables for further analyses in an attempt to
(1) study patterns of interaction and (2) to determine models for mean
birth weight which adequately describe the phenomena observed in
Table 23. The previously described weighted least squares technique
was utilized.

The first model studied involved the main effects of the five
demographic factors on the 64 mean birth weights. The results for this

model, Model VI1I, are given in Table 2L4-~the format of X7 was the same

as that for X,.
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TABLE 24,--Effects, Standard Errors and Chi-Square Values for the 64
Mean Birth Weights, Model VIl, Mac Donald House Perinatal
Study, 1962-1969 : : :

Standard
Effect error Degrees of | Chi-square
Estimated parameters | (in grams)| (in grams) fréeedom value
Error 56 138.77*
Mean 3097.1 4.3
Model (adjusted for | 7 2006.69°
the mean)
Sex -57.5 3.6 1 250.90°
Race -91.8 5.7 1 255.73°
Service 58.2 6.0 1 94,13
Age: 3 30.63°
Linear 13.1 N 1 28.70°
. first -13.6 L a
Nonlinear second 21 1.5 2 11.61
Pauity -22.3 4.2 1 29.20°

“Denotes statistical significance at the 5% level

aDegree of importance not determined since the chi-square due to
error is large

Model V1| did not adequately describe the 64 mean birth weights
since the chi-square value for the error term equaled 138.77 and
Pr{x?(56) > 138.77} < 0.25. The results from Model VII| were of descrip-
tive value since the second criterion of adequacy was met, Viz.,
({(2006.69/7)/(138.77/56)} = 116).

A description of the main effects of the five demographic factors
with respect to mean birth weight is given below:

{1) The overall mean birth weight was estimated to be 3,097.1
grams. .
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(2) Male deliveries weighed on the average 115.0 grams more than
female deliveries.

(3) White deliveries weighed on the average 183.6 grams more than
nonwhite deliveries.

(4) Private patient deliveries weighed on the average 116.4 grams
more than staff patient deliveries.

(5) The second nonlinear effect of maternal age added little to
the model. .

(6) Multiparous deliveries weighed on the average 45.8 grams more
than primiparous deliveries.

Since Model VI produced an error term which implied that an
additive model of the five demographic factors was inadequate due to
lack of fit, then interactions of the demographic factors on mean birth
weight were important since they were missing from Model VII. It was
decided to reclassify the 64 subgroups into the same 8 major categories
as were emploved for the analvsesyof the perinatal mortality rates in
order to study interactions of the five demographic factors on birth
weight. Each of the 8 major groups of race and maternal age levels
were sub-classjfied into a three dimensional 2 X 2 X 2 table such that
the appropriate 8 mean birth weights and their respective sﬁandard
errors noted in Table 23 were the entries. The effects of sex of off-
spring, type of obstetrical service and parity (as well as overall
mean) were determined using Model VII1 which employed a design matrix
which was identical to that used for Model IV, viz., 54'

Table 25 presents the results for the 8 sets of analyses which
resulted from Model VIiii.

The error terms for five qf the eight race and maternal age
categories obtained from Model VIil met the first criterion of adequacy,

viz., Prix?(h) Z_Xz} > 0.25. The error terms for nonwhite parturients



133

19A9} 2§ 9y3 3e @dsuedjjjubis (edfisiiels sa30usq

*:o.om *mm.mm *4m.om wel Lzt 1794~ °9¢ 0 Thi m;w 9° 14~ 9°L7 9°660¢ +0f pue M
*NN._N 85°1 {_N.Nn 9¢°g 18 9°Lt- 4oz 1°82 L L°29- 8T s-gzee 6T-9T pue M
1z°0 *om.m_ *nm.ma 08¢ S'8 6°¢ "€l 9°19 S°g 0°99- T°€l L 661¢E ®T-07 pue M
#0°0 *mm.m {_m.__ €9y £°€€ 9°9 1UeT 9° 54 T X4 1°8L- Logg 9°€51¢€ 0Z> pue M
*m:.:u *mm.m~ ¥m:.om 6%°§ T'he 8°891- z'91 2'¢9 1%l LLL- ([ §4 w°L68T +0€ pue MN
*w_.m *w:.__ «om.qu S8°0 L6l 8°65- Lyl 864 LA 6°19- L6l 8°910¢ 62-5T pue MmN
o'l «mn._m «_m.wu 88°% 8°'6 6°6- Logl (AN A 96 S gh- 9t S HZ0t hZ-0T pue MN
8 2l «_m.w «N#.m €19 8 'l 9'91 8°€Z L°69 €791 €Ly~ 6°¢C 9°1¢62 0Z> pue MN
A3jded @d1Aad9s x9g  Jouaa3| (sweub uj)  (sweab u]) [ (sweab uy) (sweab u]) [(sweub uy) (Swesb uy) | (swesb uy)) (swedb uy) Aiobajed
i ' ' 10443 329443 10449 199443 Jouau4a 199433 10443 199}33 | @be jeussjeuw
wopaadj jJO saaubaq piepuels pJepueig piepuels plepueis pue asey
[SYRCE] EETIYER X35 ueay
sanjeA aienbs-iyj

sJa3j2weled |3apow pajew|ls3

6961-2961 ‘Apnis {ejeu)daq
asnoy pieuoq del ‘||[A |9pOW ‘®by [eusoley pue adey Aq 1YGiSM yiuaig ueay Joj san|ep aienbg-|y) pue s.oJuu3 paepuels ‘$323333--°GZ 378V1



134
aged 30 or more and for white parturients aged 25 or more met the
second criterion of adequacy. The indices (as defined by the second
criterion) were in excess of 10,000 for these two categories; hence the
results obtained from Model VIII| were treated as if the first criterion
of adequacy was met.

The chi-square values obtained for Model VIl revealed three
patterns:

(1) A common interpretation was attained for nonwhite parturients
25 years of age or more and for white parturients 30 or more
years of age; viz., the effects of sex of offspring, type of
obstetrical service and parity were each statistically
different from zero. These data reveal that (1) male
deliveries weighed more, on the.average, than female
deliveries, (2) private deliveries weighed more, on the avér-
age, than staff deliveries and (2) multiparas produced off-

- spring which weighed more, on the average, than offspring
of primiparas for these three race and maternal age cate-
gories.

A common interpretation was prcduced for white and acnwnite
parturients under 25 years of age. That is, the effect of
parity was not statistically different from zero but the
effects of sex of offspring and type of obstetrical service
were statistically different from zero. These data revealed
that male deliveries weighed more, on the average, than
female deliveries and that private deliveries weighed more,
on the average, than staff deliveries.

‘
c—
N
-

(3) The results for white parturients aged 25 through 29 showed
a different pattern from those noted above. The type of
obstetrical service effect was not statistically different
from zero for such deliveries, whereas the effects of sex
of offspring and parity were statistically different from
zero. The data revealed that male deliveries weighed on
the average more than female deliveries and that multi-
parous deliveries had a mean birth weight which was greater
than that observed for corresponding primiparous deliveries.

In view of the fact that Model VIil had been judged appropriate
to study the effects of the demographic factors on mean birth weight,
even though this judgment required the use of the second criterion- of

‘ adequacy for three of the eight categories of race and maternal age,
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one could argue that the following 16 interactions were not important:

Number of degrees of

Interaction freedom accounted for
1 Sex X Service 1
2 Sex X Parity 1
3 Service X Parity 1
L Sex X Service X Parity ]
5 Race X Sex X Service 1
6 Race X Sex X Parity 1
7 Race X Service X Parity 1
8 Race X Sex X Service X Parity 1
9 Age X Sex X Service 3
10 Age X Sex X Parity 3
11 Age X Service X Parity 3
12 Age X Sex X Service X Parity 3
13 Age X Race X Sex X Service 3
14 Age X Race X Sex X Parity 3

15 Age X Race X Service X Parity 3 -
16 Age X Race X Sex X Service X Parity 3
. : 32

This conclusion was considered justifiable since it allowed paral-
lel analyses as were employed for perinatal mortality. Nevertheless,
this concngion should be interpreted with caution since it involved
compromising from the first to the second criterion of adequacy of
Model Vill. However, since Pr{x2(4) 3.X2} > 0.05 for the three race
and maternal age categories where the first criterion was not met, this
compromise was considered.justified.

There were 64 degrees of freedom for the mean birth weights con-
sidered in this study. Hence, at this stage of the analyses 32 of the
6L degrees of freedom have been found to be unimportant. The next stage

of the analyses studied the degree of importance of the remaining 32

degrees of freedom which are defined as follows:
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Number of degrees of
freedom accounted for

Overall mean birth weight 1
Main effects: Maternal age 3
Race 1

Sex . 1

Service 1

Parity 1

Two factor interactions: Age X Race 3
' Age X Sex 3

Age X Service 3

Age X Parity 3

Race X Sex 1

Race X Service ]

Race X Parity 1

Three factor interactions: Age X Race X Sex 3
' Age X Race X Service 3

Age X Race X Parity 3

Study of the effects listed in Tabte 25 revealed the following:

(1)

The overall mean birth weight varied from 2,897.4 grams for

— _nonwhite parturients aged 30 or more to 3,223.5 grams for

(2)

(3)

(k)

(5)

white parturients aged 25 through 29,

A comparison of the mean birth weights by race for similar
maternal ages revealed that white parturients produced
offspring of higher mean birth weight than corresponding
nonwhite parturients. :

For each of the 8 sets of analyses the mean birth weight

of male deliveries was higher than that for female deliv-
eries. The increment ranged from 47.3 grams for nonwhite
parturients under 20 years of age to 78.1 grams for white
parturients under 20 years of age.

Private deliveries produced offspring of higher mean birth
weight regardless of race and maternal age. The increment
ranged from 28.1 grams for white parturients aged 25 through
29 to 142.0 grams for white parturients aged 30 or more.

The effects of parity on mean birth weight revealed that
nonwhite primiparas who were less than 20 years of age and
white primiparas who were less than 25 years of age produced
offspring who weighed more at birth than did multiparas of
similar race and maternal age. Whereas, multiparas who
were nonwhite and 20 or more years of age or white par-
turients who were 25 or more years of age produced off-
spring who had higher birth weights than did primiparas

of similar race and maternal age.
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The next stage of the analyses on the mean birth weights involved
an attempt to simplify the interpretations given above for Model VIIi.
The effects of each of the four model parameters (viz., for the overall
mean, sex, type of obstetrical service and parity) were studied with
respect to their variation among the eight race and maternal age cate-
gories. Hence, subsequent stages of the analyses for mean birth weight
were geared toward determination of efficient models for birth weight
across the eight race and maternal age cateéories for each of the four
model parameters noted in Table 25. When the eight mean birth weights
were studied, interest centered on a determination of the effects of
both race and maternal age and also the maternal age X maternal race inter-
action on an estimate of the overall mean‘birth weight. However, when
the effects for sex of offspring, type of obstetrical service and
parity were studied, then interest centered on determination of an
estimate of the mean for each of these thrée particular effects as well
as esfimates of the interactions of race X the particular effect,
maternal age X the particular effect and the race X maternal age X the
particular effect.

The next model studied, Model IX, employed the same saturated
design matrix as was used for Model V, yiz., 55. Model IX was designed
to determine the effects of race, maternal age and the race X maternaf
age interaction on mean birth weight for each of the four estimated
model parameters noted in Table 25. Table 26 shows chi-square values
for the four sets of analyses which resulted from the application of

Model |V on the four model parameters noted in Table 25.
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TABLE 26.--Chi-Square Values for Mean Birth Weight as Determined from
Analyses of Estimated Model Parameters for the Mean, Sex,
Service and Parity, Model iX, Mac Donald House Perinatal
Study, 1962-1969

Chi-square value
Estimated model parameter

Source of Degrees of .
variation freedom Mean Sex Service Parity
Mean ] 162.05" 88.95" 32.22"
Model (adjusted " % N
for the mean) 7 220.01 5.25 14,78 - 62,17
Race (R) 1 132.66°  0.12 0.02 4.30"
Maternal age: 3 31.84* 1.87 9.9h* h8.55*
Linear (L) ] 1.82 0.10 2.47 32.73"
Nonlinear (NL) 2 29.87° 1.02 7.96" .43
All interactions: 3 1.59 4,03 9.30" 4.89
R XL i 0.02 35,12 5.0%" i.08"
RXNL ~ 2 1.55 0.34 3.65 1.19

o

“Denotes statistical significance at the 5% level

The chi-square values depicted in Table 26 present an informative
description of the variation of the four sets of effects listed in
Table 25. The results for the analysis of the mean birth weights showed
that the main effect of race, the main effect of maternal age and the
nonlinear componeht'of maternal age were statistically different from
zero. None of the interactions of race X maternal age were statis-
tically different from zero as measured by the mean effects presented
in Table 26.

Since race and the nonlinear component of maternal ége were

important contributors to the variation noted in Table 26 for the mean

.
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birth weights elicited by Model IX, Model X-A was constructed to deter-
mine the adequacy of fit of a model which included an overall mean
birth weight, a race effect and a linear and nonlinear effect for
maternal age. A term for the linear effect of maternal age was included
in Model X-A since interest centered on its relative contribution as
compared to the contribution made by the nonlinear component of maternal

age. The design matrix for Model X-A was as follows:

v 0 -3

S I S

S T B

X,oo= |1 1 3

~10A o= -3
1=l -1 - .

S TR R

Ly - 3 1

hence Model X-A: E{F(p)} = Xloa B
where
X-I = 1 and denotes an overall mean birth weight
X 1 if nonwhite parturient
i2 -1 if white parturient
Xi3 = linear component of maternal age
Xih = nonlinear component of maternal age

Table 27 shows the effects, standard errors and chi-square values
which resulted from application of Model XjA on the eight estimated
model parameters for the mean birth weightsvnoted in Table 25,

The chi-square value for the error term obtained for Model X-A
equaled 2.54 and met the first criterion of adequacy since
Pr{x2(4) > 2.54} > 0.25. The effects of race and the nonlinear com-
ponent of maternal age were statistically different from zero; thap
for the linear effect of maternal age was not statistically different

from zero. The overall mean birth weight was estimated to be 3,065.7
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TABLE 27.--Effects, Standard Errors and Chi-Square Values for Mean
Birth Weight as Determined from Analysis of Estimated Mean
Effects, Model X-A, Mac Donald House Perinatal Study,

1962-1969
Chi-square value
Standard
Effect error Degrees of freedom
Source of variation (in grams) | (in grams) L ]
Error | ‘ 2.54
Mean 3065.7 8.4
Race -9h4 4 7.0 180.63*
Age:
Linear -4.0 4.2 0.87
Nonlinear -16.5 8.3 31.75"

*
Denotes statistical significance at the 5% level

arams. lhe race effect indicated that on gﬁe average nonwhite deliverics
are expected to weigh 188.8 grams less than white deliveries. The non-
linear component of maternal age was significant and indicated a non-
monotonic relationship of maternal age and mean birth weight.

The estimated model parameters for the sex of offspring effect on
mean birth weights did not vary much among the eight sets of race and
maternal age categories. This impression was substantiated in quanti-
fiable terms from the results of Model IX by noting that the.sex X race,
sex X maternal age and the sex X race X maternal age interactions were
not statistically different from zero.

The sex of offspring effects on mean birth weight listed in
Table 25 ranged from -47.3 grams to -78.1 grams and indicated that male

deliveries weighed more, on the average, than female deliveries for each
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of the eight race and maternal age categories. This range of 30.8 grams
average difference in favor of male deliveries was slightly greater than
one ounce. Thus, the sex of offspring effect on mean birth weight did
not vary to an appreciable extent among the race and maternal age cate-
gories. Model X-B was designed to determine if an overall mean ade-
quately described the sex of offspring effect on mean birth weight.
Model X-B used the same design matrix as was employed for Model VI!-B,
viz., §6b' Table 28 presents the results obtained for Model X-B.
TABLE 28.--Effect, Standard Error and Chi-Square Values for Mean Birth
Weight as Determined from Analyses of Estimated Sex of

Offspring Effects, Model X-B, Mac Donald House Perinatal
Study, 1962-196¢

Chi-square value
Standard .‘
Effect error- Degrees of freedom
Source of variation (ir grams) | (in grams) 7 ]
Error - : ' 5.25
Mean -57.8 3.7 249.16"

*
Denotes statistical significance at the 5% level

The first criterion with respect to the error term was met since
the chi-square value for error was 5.25 and Pr{x?(7) > 5.25} > 0.25.
Hence the data revealed a quite simple interpretation for the sex of
offspring effect on mean birth weight; viz., male deliveries were esti-
mated to weigh, on the average, 115.6 grams more than female Heliveries
regardless of race, maternal age, type of obstetrical service and
parity. ‘

The chi-square values listed in Table 26 which measured the inter- ‘

action of type of obstetrical service X race X maternal age components
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for mean birth weight revealed that:

(1) There was no service X race interaction which was statis-
tically different from zero.

(2) There was a service X nonlinear maternal age interaction
which was statistically different from zero.

(3) There was a service X race X linear maternal age inter-
action which was statistically different from zero.

A review of the type of obstetrical service effects listed in Table 25
revealed that:

(1) The first 6 effects were essentially similar; viz., similar
effects were noted for nonwhite parturients regardless of
maternal age and for white parturients less than 25 years
of age; thus, it was decided to determine a composite

effect for these 6 categories.

(2) The effect for white parturients aged 25 through 29 was
considerably less than the other seven effects.

(3) The effect for white parturients 30 or more years of age was
substantially greater than the other seven service effects.

hHence it was decided to devise Modcl X-C which incorporated these three
impressions and determine (1) if it adequately described the type of
obstetrical service effects on mean birth weight, (2) if the composite
service effect listed in (1) was statistically different from thé ser-
vice effect observed for deliveries to white parturients 30 or more
years of age, (3) if the composite service effect listed in (1) was
statistically different from the service effect noted for deliveries

to white parturients aged 25 through 23. Model X-C employed the fol-

lowing design matrix:

~1oCc

[eR_NeNeoNoRoNolo
—-— 0000000

O O it ot et st et
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hence Model X-C: E{F(p)} = ¥IOC [
where
1 if nonwhite parturient of any age or white parturient
X, = under 25 years of age

0 otherwise

—

X = if white parturient aged 25 through 29 years of age
i2 0 otherwise ~

X = V if white parturient aged 30 or more years of age
i3 otherwise :

Table 23 presents the results obtained for Model X-C.

TABLE 23.--tEffects, Standard Errors and Chi-Square Values for Mean Birth
Weight as Determined from Analyses of Estimated Type of
Obstetrical Service Effects, Model X-C, Mac Donald House
Perinatal Study, 1962-1969 >

Chi-square values
Standard

Effects error Degrees of freedom

Source of variation (in grams) (in“arams) 5 1

Error - 3.07

NW and W,<25 (b)) 59.9 6.6 83.46"
W, 25 through 29 (bz) 28.1 22.4 . 1.58
W, 30+ (b3) 142.0 26.2 29.32°
(b, versus b,) 31.8 23.3 1.86
(by versus b,) 82.1 27.0 9.22"

* .
Denotes statistical significance at the 5% level

The chi-square value for the error term equaled 3.07 hence the
first criterion for adequacy was met since Pr{x?(5) > 3.07} > 0.25,
thus Model X-C adequately described the type of obstetrical service

effects on mean birth weight.
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The results for Model X-C revealed that independently of sex of
offspring and parity that:

(1) The average service effect on mean birth weight for all
nonwhi te deliveries and for deliveries to white parturients
under 25 years of age was 59.9 grams and indicated that
deliveries to such private parturients were estimated to
weigh 119.8 grams more than deliveries to corresponding
staff parturients. :

(2) The average service effect on mean birth weight for
deliveries to white parturients aged 25 through 29 was
28.1 grams. This effect was not statistically different
from zero.

(3) The largest estimated service effect on mean birth weight,
142.0 grams, was noted for deliveries to white parturients aged
30 or more. This effect indicated that deliveries to such
private parturients were estimated to weigh 28L4.0 grams more
than deliveries to corresponding staff parturients. )

(4) The average service effect (in-favor of private deliveries)
on mean birth weight for all nonwhite deliveries and for
deliveries to white parturients under 25 years of age versus

that for deliveries to white parturients aged 25 through 29
was statistically diffcrent fiduw cerv.

(5) The service effect (in favor of private deliveries) on mean
birth weight for deliveries to white parturients 30 or more
years of age versus that for all nonwhite deliveries and
for deliveries to white parturients under 25 years of age
was statistically different from zero. :

The effects of parity on mean birth weight listed in Table 25
showed that those for white and nonwhite parturients under 25 years of
age were essentially similar since they accounted for only a few grams of
mean birth weight. These four parity effects were essentiaily equiva-
lent to no appreéiable effect and they were not considered further.

" The parity effects for nonwhite parturients aged 25 through 29 and those
for white parturients 25 or more years of age were of the same order
of magnitude, whereas, that for nonwhite parturients aged 30 or more

was considerably larger. These two impressions were studied by way of
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(1) Determine a composite effect for parity on mean birth weight
for nonwhite parturients aged 25 to 29 years and for white
parturients 25 or more years of age.

(2) Compare the composite effect achieved through (1) with that
for nonwhite parturients 30 years of age or over and note
if the resultant difference was statistically different from

zZero.

The design matrix for Model X-D was as follows:

hence Model X-D:

where
[ ]
X.. =

il

E(F(p)) = X

-

210D

X100 £

-\ 0 otherwise

—~—_—00 00 —~0O0

|

OCOO0OO0O~000

_ 1 if nonwhite parturient aged 30 or more
i2 0 otherwise

The results for Model X-D are given in Table 30.

if nonwhite parturient aged 25 through 29 or white
parturient aged 25 or more

TABLE 30.--Effects, Standard Errors and Chi-Square Values for Mean Birth
Weight as Determined from Analyses of Estimated Parity
Effects, Model X-D, Mac Donald House Perinatal Study, 1962-

1969
Standard Chi-square value
Effects error Degrees of freedom
Source of variation (in grams) | (in grams) 1
Error 9.37
NW, 25 through 29 and %
W,25+ (b]) -50.0 6.5 59.7
NW, 30+ (b,) -168.8 34.2 24, 4"
(b versus b,) 118.78 34,7 1.7

*Denotes statistical significance at the 5% level
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The error term for Model X-D had a chi-square value of 9.37 and

since Pr{x2(6) > 9.37} < 0.25 the first criterion of adequacy of the

model was not met. Since the second criterion was exceeded to a major

extent (index = 27) the results obtained for Model X-D were treated as

if the first criterion were met.

The results for the analyses on the parity effects on mean birth

weight revealed that:

(1)

(2)

(3)

(4)

The parity effect was not statistically different from zero
for deliveries to parturients under 25 years of age.

Deliveries to nonwhite parturients 30 or more years of age
had an estimated parity effect equal to -168.8 grams and
this indicated that such multiparous offspring were esti-
mated to weigh on the average 337.6 grams more than corre-
sponding primiparous offspring; this finding was independent
of sex of offspring and type of -obstetrical service.

~

Deliveries to white parturients 25 or more years of age and
to nonwhite parturients 25 through 29 years of age had an
estimated parity effect of -50.0 grame and thic indicotcd
that such multiparous offspring were estimated to weigh on
the average 100.0 grams more than corresponding primiparous
offspring; this finding was independent of sex of offspring
and type of obstetrical service.

The comparison of b] versus b2 was statistically different

from zero and indicated that multiparous deliveries for
nonwhite parturients aged 30 or more were estimated to weigh
significantly more (about 119 grams) than corresponding
multiparous deliveries for nonwhite parturients aged 25
through 28 and for white parturients aged 25 or more; this
finding was also independent of sex of of fspring and type of
obstetrical service. :

This completed the analyses of the effects of the five demographic

factors on birth weight. The next section presents the results of simi-

lar analyses with respect to gestational age as the dependent variable.
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5.4. Results for Gestational Age as the Dependent Variable

5.4.1. First stage analysis of gestational age

Table 31 shows mean gestational ages and standard errors for the
64 subgroups defined in Table 1k,

The mean gestational ages noted in Table 31 did not show much
variation among the subgroups; the range was from 36.16 weeks for sub-
group #50 (M, W, ST, PRIV, <20, MULT) to 40.05 weeks for subgroup #61
(M, W, ST, 25-29, P). The standard errors for the mean gestational ages
ranged from 0.05 wceks to 1.66 weeks. One-half of the subgroups (32 of
64) experienced a mean gestational age of 39 weeks or more and only 8
of the 64 subgroups had a mean gestational age of less than 38 weeks.

The purpose of the first stage analysis on the means for gesta-
tional age was the same as that noted for perinatal mortality and mean
birth weight, hence discussion of the set ot 64 mean gestational ages
is brief. If the relationship of each of the 5 demographic factors
with mean gestational age was viewed in isolation from the other four
demographic factors then it was evident that:

(1) The mean gestational age of female offspring was greater

than that for male offspring in 24 of the 32 comparisons
for sex.

(2) White deliveries experienced a longer gestation than did
nonwhite deliveries as evidenced by a higher mean gesta-
tional age for white deliveries in 27 of the 32 comparisons
by race.

(3) Twenty-seven of the comparisons showed that deliveries for
private parturients had higher mean gestational ages than
deliveries to staff parturients.

() A review of the variation of the mean gestational ages by
maternal age gave the impression that the relationship was
not strictly monotonic; that is, there appeared to be a’
nonlinear maternal age effect on the means for gestational

age. This impression was tested in subsequent stages of
the analyses.
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TABLE 31.--Mean Gestational Ages and Standard Errors by Subgroup,
~ Mac Donald House Perinatal Study, 1962-1969

. Mean
Subgroup identification gestational | Standard
Subgroup Maternal age error
number Sex Race Service age Parity| (in weeks) | {in weeks)

1 F NW PRIV <20 P 39.15 0.30
2 F NW PRIV <20 MULT 39.09 0.51
3 F NW PRIV 20-24 P 39.28 0.16
4 F NW PRIV 20-24 MULT 39.03 0.22
5 F NW PRIV 25-29 P 39.46 0.49
6 F NW PRIV 25-29 MULT 39.12 0.18
7 F NW PRIV 30+ P 38.50 0.70
8 F NW PRIV 30+ MULT 38.79 0.18
9 F NW ST <20 P 38.32 0.11
10 F NW ST <20 MULT 37.94 0.18
11 F NW ST 20-24 P 38.83 0.12
12 F NW ST 20~-24 MULT 38.48 0.09
13 F NW ST 25-29 P 38.49 0.37
14 F NW ST 25-29 MULT 38.68 0.10
15 _F NW ST . - 30+ P 38.15 0.67
16 F NW ST 30+ MULT 38.35 0.12
17 F W PRIV <20 P 39.48 0.23
18 F W PRIV <20 MULT 38.50 1.01
19 F W PRIV 20-24 P 39.78 0.07
20 F W PRIV 20-24 MULT 39.41 0.07
21 F W PRIV 25-29 P 39.76 0.08
22 F W PRIV 25-29 MULT 39.42 0.05
23 F W PRIV 30+ P 39.69 0.14
24 F W PRIV 30+ MULT - 39.31 0.05
25 F W ST <20 P 39.50 0.26
26 F W ST <20 MULT 37.73 0.78
27 F W ST 20-24 P 39.60 0.23
28 F W ST 20-24 MULT 39.28 0.18
29 F W ST 25-29 [ 37.27 1.1
30 F W ST 25-29 MULT 38.86 0.35
31 F W ST 30+ P 37.25 0.73
32 F W ST 30+ MULT 38.68 0.38
33 M NW PRIV <20 P 38.77 0.4
34 M NW PRIV <20 MULT 39.11 0.54
35 M NW PRIV 20-24 P 39.15 0.27
36 M NW PRIV 20-24 MULT 38.91 0.23
37 M NW PRIV 25-29 P 39.12 0.30
38 M NW PRIV 25-29 MULT 38.91 0.20
39 M NW PRIV 30+ P 38.07 0.63
4o M NW PRIV 30+ MULT 38.86 0.17
4 M NW ST <20 P 38.38 0.10
42 M NW ST <20 MULT 37.71 0,17
43 M NW ST 20-24 P 38.58 0.13
Ly M NW ST 20-24 MULT 38 0.10

.35
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Mean
Subgroup identification gestational | Standard
Subgroup Maternal age error
number Sex _Race Service age Parity | (in weeks) | (in weeks)

ks "M NW ST 25-29 P 38.21 0.38
L6 M NW ST 25-29 MULT 38.51 0.10
47 M NW ST 30+ P - 37.57 0.72
48 M NW ST 30+ MULT 38.41 0.11
Lo M W PRIV <20 P 39.39 0.23
50 M W PRIV <20 MULT 36.16 0.42
51 M W PRIV 20-24 P 39.66 0.07
52 M W PRIV 20-24  MULT 39.33 0.08
53 M W PRIV 25-29 P 39.56 0.09
54 M W PRIV 25-29 MULT 39.32 0.05
55 M W PRIV 30+ P 39.41 0.14
56 M W PRIV 30+ MULT 39.11 0.05
57 M W ST <20 P 39.28 0.19
58 M W ST <20 MULT 39.44 0.29
59 M W ST 20-24 P 39.48 0.19
60 M W ST 20-24 MULT 39.35 0.25
61 M W ST 25-29 P Lo.os 0.37
62 M W ST 25-29 MULT 39.50 0.25
63 M W ST 30+ _P 37.00 1.66
3] M W sT 20+ MULT g.c¢ 0.34
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(5) The mean gestational age for primiparas was greater than
~that for multiparas in 21 of the 32 comparisons by parity.

Interpretations of the effects noted in Table 31 for the variation

in mean gestational age by type of subgroup were based on a crude type

—-of analysis. The following section presents analyses which are more

refined and which are aimed at (1) a study of patterns of interaction
of the demographic factors on mean gestational age and (2) an

attempt to determiné models” for mean gestational age which are adequate
from a statistical point of view and which isolate the most important

features of the demographic effects on mean gestational age.

5.4.2, Subsequent stages of the analyses of gestational age

The weighted least squares technique; as described in Section
5.2.2, was utilized to study the variation qf the estimated mean gesta-
tional ages listed in Tabie 31. The set of 64 wean gestational ages
and their respective standard errors are uséd in the various linear
functions, F(E), which are defined in the analyses which follow.

The results obtained by an application of Model XI (the same
main effect model which was employed for both périnatal mortality,
Model !1l, and mean birth weight, Model VIl,) on mean gestational age
are shown in Table 32.

Model X1 did not adequately describe the set of 64 mean gesta-
tional ages listed in Table 31 since the error term was such that
Pr{x2(56) > 86.46} < 0.25. The results from Model X! were of descrip-
tive value since the second criterion of adequacy was met; viz.,

({(860.76/7)/(86.46/56)} = 80).
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TABLE 32.--Effects, Standard Errors and Chi-Square Values for the 64

Mean Gestational Ages, Model X1, Mac Donald House Perinatal
Study, 1962-1969

. |Standard
Effect error Degrees of | Chi-square
Estimated parameter (in weeks) [{in weeks) | freedom value
Error 56 86.46*
Mean 38.96 0.02
Model (adjusted for : 7 860.762
the mean)
Sex 0.06 0.01 1 15.07°
Race -0.29 0.02 1 134.10°
Service 0.17 0.03 1 39.38°
Age: 3 54,682
Linear 0.03 0.01 1 5.732
. first -0.13 0.02 a
Nonlinear second 0.0] (b) 2 53.42
Parity 0.15 0.02 i 67. 49"

9

“Denotes statistical significance at the 5% level

3Degree of importance not determined since chi-square due to
error is large

Denotes less than 0.0}

The effects listed in Table 32 yielded the following descriptive

interpretations:

(1)

(2)

(3)

(4)

The overall mean gestational age was estimated to be 38.96
weeks.

The effect for sex of offspring was practically nil and
indicated that on the average female deliveries experienced
a gestational period which was about 0.8 of one day longer
than that for male deliveries.

The effect for race revealed that the gestational period of
nonwhite deliveries was on the average about 4.1 days
shorter than that for white deliveries.

Deliveries for staff patients experienced a mean gestational
age which was about 2.4 days less than that experienced by
private patient deliveries.
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(5) The linear and second nonlinear components of maternal age
were nil with respect to mean gestational ages. The first
nonlinear age effect was of the same order of magnitude as
that noted for type of obstetrical service.

(6) The effect of parity indicated that the average mean gesta-
tional age of primiparas was about 2.1 days longer than that
for multiparas.

Since the foregoing main effect model was inadequate it was
decided to use the same reclassification scheme for the 64 subgroups as
was done for the analyses for both perinatal mortality and mean birth
weight to study, by way of Model X!I, the effects of sex of offspring,
type of obstetrical service and parity, as well as an overall mean on
the eight sets of mean gestational ages determined by the levels Of.
race and maternal age.

Table 33 shows the results obtained for mean gestational age for
the 8 categories of race and maternal age when Model X1l was emp loyed;
5]2 had the same structure as X,.

The error terms for seven of the eight sets of results for
Model XIl on mean gestational age met the first criterion of adequacy,
viz., Pr{x®(4) Z.Xz} > 0.25. The error term for deliveries to white
parturients aged 25 through 29 met the second criterion of adequacy.
Since the index for this category was greater than 10,000, the results
obtained from Model X1l were treated as if the first criterion of ade-
quacy were met for each of the eight race and maternal age categories.

The chi-square values shown in Table 33 revealed the following
five patterns:

(1) A common interpretation was attained for deliveries to non-

white parturients under 25 years of age. The effects of
type of obstetrical service and parity were statistically

different from zero; whereas, the effect of sex of offspring
was not statistically different from zero.
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(2)

(3)

(%)

(5)
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A common interpretation was found for deliveries to non-
white parturients 25 years of age or over; only the type
of obstetrical service effect was statistically different

from zero, the other effects were not large.

A common interpretation was obtained for deliveries to
white parturients aged 20 through 29; viz., only the
parity effect was statistically different from zero.

None of the three effects (viz., sex of offspring, type of
obstetrical service and parity) was statistically different
from zero for deliveries to white parturients under 20 years
of age.

Each of the three effects were statistically different from
zero for deliveries to white parturients over 30 years of
age.

A review of the effects presented in Table 33 are described below:

(1

(2)

(3)

(&)

(5)

The overall mean gestational age varied from 38.34 weeks for
nonwhite deliveries to parturients aged 30 or more to 39.52
weeks for white parturients aged 25 through 29.

Comparison of the mean gestational ages by race for similar
maternal age revealed that white parturients produced off-
spring of higher mean gcstational age than did nenwhite
parturients. :

There appeared to be a nonlinear trend of mean gestational
age on maternal age for both races. This was examined in
subsequent analyses.

The effects for sex of offspring were not statistically
different from zero for seven of the eight race and maternal
age categories. But there was an effect of about one day
to one and one-half days for nonwhite parturients aged 20
through 29 as well as for white parturients aged 30 or more
with the sex effect in favor of females, viz., female off-
spring had slightly longer gestational periods.

The type of obstetrical service effect on mean gestational
age for white parturients aged less than 30 years was hot
statistically different from zero. The service effects for
nonwhite parturients tended to decrease as maternal age
increased. The service effect for white parturients 30 or
more years of age was the largest, and was equivalent to
about 7.4 days longer gestational age for private patient
deliveries.






