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Extract

The sex-differential early neonatal mortality experienced by
a population of 27,243 neonates has been analyzed in relation
to sex-related reproductive antecedents of their mothers. An
association between the risk of dying of a neonate and the sex
of previous pregnancies of its mother has been found: the risk
decreases with a previous pregnancy of the same sex as the

neonate, and increases with one of the opposite sex. Repeated
pregnancies of same sex increase the phenomenon. An
immunologic hypothesis has been formulated from these
results: sex-differential survival of conceptuses during the
perinatal period would be due to sex-differential conceptoma-
ternal immunologic interactions. An advantage in survival of
the female fetus results from these interactions in primiparous
mothers. However, immunologic behavior of the mother is
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altered by previous contact with fetal antigens. Consequently
sex-differential survival varies with sex-related antecedents of
the gravida. Previous sensitization of the gravida by male
pregnancy provides an advantage in survival for a subsequent
male conceptus, and previous sensitization by female preg-
nancy provides an advantage in survival for a subsequent
female conceptus.

Speculation

A confirmation of an association between mortality during
the overall perinatal period and sex-related reproductive
antecedents of the mother could support an immunologic
explanation of sex-differential survival. This would provide a
new approach for analyzing sex-differential biologic phenom-
ena.

The probability of surviving through the perinatal period is
higher for a female than for a male neonate. No definite
explanation of this phenomenon has been given yet. The
development of knowledge in the field of immunology of
reproduction indicates that immunologic relationships be-
tween gravida and conceptus play a very important role in the
survival of the Ilatter. Because of its paternally inherited
antigens, the fetus is an allograft for its mother. The fetus can
induce immunity and react to sensitization (5). The mother is
able to respond to fetal antigenic stimulation by producing
humoral (17, 18) and cellular antibodies (29). There is also
evidence of passage across the placenta of elements from both
fetal (4, 11, 13, 21, 25, 34) and maternal origin (22, 31).
However, by a mechanism not completely elucidated, immu-
nologic rejection usually does not take place. On the contrary,
it seems that antigenic dissimilarity between conceptus and
gravida could be an advantage. This seems to favor the
implantation of the blastocyst in mice (6). Nevertheless, under
certain circumstances, immunologic interactions are harmful
for the fetus. Hemoisoimmune disease because of Rhesus
factor or to antigens of ABO blood groups is the best
documented example of this type of perinatal pathology.

Whatever the consequences of the immunologic interactions
on the survival of the fetus, they are expected to vary with the
differences in fetal antigenicity. There has been speculation
about sex-differential antigenicity. In mice, there is a male
specific antigen capable of inducing graft rejection under
certain experimental conditions (10). In the human, two
opposite hypotheses concerning sex-related antigenicity of the
conceptus were formulated in order to explain the sex ratio at
birth biased in favor of the male. For some authors, the male
blastocyst differs more antigenically from its mother than does
the female blastocyst. Consequently it would be preferentially
implanted (20). For others, maternofetal incompatibility due
to Xg# blood group antigens, which can happen only with
female conceptuses, could be responsible for an excess of
female wastage in early gestation period (7, 26). A recent
study of variation of placental size in neonates, with the
reproductive history of the mother, supports a hypothesis of
sex-differential immunologic conceptomaternal interactions
during normal pregnancy (32). The purpose of the present
study is to explore the relevance of an immunologic
hypothesis for the sex-differential of perinatal survival.
According to this hypothesis, sex-differential survival would be
due to sex-differential conceptomaternal interactions.

Repeated contacts with a foreign fetal antigen seem able to
induce changes in the immunologic status of the gravida. Thus,
multiparity in a mouse mated with a male of an unrelated
strain induces a tolerance to paternal grafts (3). On the
contrary, cell-mediated immunity against paternal transplanta-
tion antigens has been shown to be increased in mice with
successive interstrain pregnancies (24). Sensitization of the
mother to erythrocyte and leukocyte antigens increases with
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parity (12, 13). The increase of placental weight and birth
weight with parity has been interpreted as a result of
sensitization of the mother to paternal antigens (33). It is thus
conceivable that fetal antigen can induce tolerance or
sensitization of the gravida and alter her immunologic behavior
in the course of a subsequent pregnancy. On such an
assumption is based the exploration of the immunologic
hypothesis of sex-differential survival by means of analysis of
perinatal mortality, in relation to sex-related reproductive
history of the gravida.

The perinatal period extends, according to the WHO
definition, from the 28th week of gestation to the 7th day of
life. There are two important limitations in studying the late
fetal mortality by means of statistical collections; one
concerning sex-identification of the dead fetus, the other
concerning size estimation of populations at risk. There is no
such difficulty in studying early neonatal mortality (1st week).
The mortality experienced by a population of neonates has
been analyzed in order to determine whether a relation exists
between a neonate’s risk of dying during the first days of its
life and the sex of the previous pregnancies of its mother.

EXPERIMENTAL PROCEDURE
MATERIALS

The basic information is derived from the Child Develop-
ment Study (CDS). This continuing study, begun in 1959, is
conducted on members of the Kaiser Foundation Health Plan
(a prepaid medical program), who reside in the San Francisco-
East Bay area. All women of the plan who report for prenatal
care in certain of the Kaiser clinics in Northern California
constitute the study population. The study population
represents a broad range in economic, social, and educational
characteristics, and is not atypical of an employed population.
The aim of the CDS is to collect, by means of interviews,
medical records, blood and placental examinations, informa-
tion pertinent to the study of the subsequent development of
the child. An interview is obtained generally early in
pregnancy and concerns particularly the reproductive history
of the gravida.

From the CDS data a population of neonates has been
constituted. They represent the live births of all the
pregnancies reported in the interview on the reproductive
history of the gravida. Excluded from the study were 13.7% of
male and 134% of female neonates because of a lack of
information concerning the sex of previous pregnancies of
their mothers. The study population includes 13,962 male and
13,281 female neonates.

METHODS

The population study has been divided into six cohorts. The
neonates of a given cohort were born from mothers having the
same reproductive history: cohort I, neonates of parity 1
mothers; cohort II, neonates of parity 2 mothers (the
conceptus of the first pregnancy was male); cohort III,
neonates of parity 2 mothers (the conceptus of the first
pregnancy was female); cohort IV, neonates of mothers of
parity greater than 2 (the two immediately preceding
pregnancies were male); cohort V, neonates of mothers of
parity greater than 2 (of the two immediately preceding
pregnancies, one was male, the other female); cohort VI,
neonates of mothers of parity greater than 2 (the two
immediately preceding pregnancies were female).

Parity was defined in this study as the number of known
pregnancies regardless of the outcome. Mortality rates during
the neonatal period were computed for male and for female
neonates of each cohort. The sex-differential mortality was
measured by the relative risk of dying of a male neonate
compared with a female neonate. The relative risk is the ratio
of male mortality rate to female mortality rate (23).
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RESULTS

The overall rate of early neonatal mortality (Table 1) was
17.0/1,000 live births. The variations of mortality among the
cohorts were small. At parity 2 (cohorts II and IIT), mortality
was slightly higher than at other parities. The classic U-shaped
association between neonatal mortality and parity was not
found (1). This could be caused by the decline of mortality
throughout the extended period during which the births of
participating babies took place.

The male rate of early neonatal mortality (Table 2) was
19.8/1,000 live births; at parity 1, 19.9/1,000; at parity 2,
20.7/1,000; at parity greater than 2, 19.1/1,000. Male
mortality at parity 2 was higher (22.4) if the first pregnancy of
the mother had been female than if it had been male (19.2).
The difference is not statistically significant. Male mortality at
parity greater than 2 was the lowest (10.8) if the two last
pregnancies had been male and higher if they had been unlike
(21.9) or female (23.1). The differences between cohort IV
and cohorts V and VI are statistically significant (P < 0.05).

The female rate of early neonatal mortality (Table 3) was
13.9/1,000 live births; at parity 1, 13.8/1,000, at parity 2,
14.9/1,000, at parity greater than 2, 13.2/1,000. Female
mortality at parity 2 was lower (11.9) if the first pregnancy of
the mother had been female than if it had been male (17.9).
However, the difference is not statistically significant. Female
mortality at parity greater than 2 was the highest (22.1) if the
two last pregnancies had been male and lower if they had been
unlike (10.8) or female (8.6). The differences between cohort
IV and cohorts V and VI are statistically significant (P <
0.05).

The risk of dying (Table 4) of a male neonate during the
first week of his life was 42% higher than that of a female
neonate. The relative risk (r.r.) varied very little with the
parity; parity 1, 1.44; parity 2, 1.38; parity greater than 2,
1.44. At parity 2, the risk of dying of a male neonate or of a
female neonate was about the same if the first pregnancy of
the mother had been male (r.r., 1.07). The risk of dying of a
male neonate was about 2 times the risk of dying of a female
neonate if the first pregnancy had been female (r.r., 1.92). At
parity greater than 2, the risk of dying of a male neonate was
half of that of a female neonate (r.r., 0.45) if the two last
pregnancies had been male. It was more than the double in the
other cases: r.r. was 2.03 if the two last pregnancies had been
unlike, and r.r. was 2.69 if the two last pregnancies had been
female.

DISCUSSION

The risk of dying of a neonate during the first days after
birth is thought to be higher for males than for females. The
present study suggests that this phenomenon is not constant

Table 1. Neonatal mortality of neonate according to
reproductive history of mother

Reproductive history of mother Neonatal mortality

Sex of previous Popula-
Cohort  Parity pregnancies tion Deaths Rate
I 1 None 11,167 189 16.9
g 2 Male 3,985 74 18.6
a7 2 Female 3,587 61 17.0
v >2 Male and male' 2,296 37 16.1
vV >2 Male and female! 4,192 68 16.2
vI >2 Female and female! 2,016 33 16.4
Total 27,243 462 17.0

! Sex of the last two previous pregnancies.
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Table 2. Neonatal mortality of male neonate according to
reproductive history of mother

Reproductive history of mother Neonatal mortality

Sex of previous Popula-

Cohort  Parity pregnancies tion Deaths Rate
I 1 None 5,792 115 19.9

s 2 Male 2,033 39 19.2
nr 2 Female 1,788 40 224
IV >2 Male and male! 1,208 13 10.8

14 >2 Male and female! 2,057 45 219

24 >2 Female and female’ 1,084 25 23.1
Total 13,962 277 19.8

! Sex of the last two previous pregnancies.

Table 3. Neonatal mortality of female neonate according to
reproductive history of mother

P.eproductive history of mother Neonatal mortality

Sex of previous Popula-

Cohort  Parity pregnancies tion Deaths Rate
I 1 None 5,375 74 13.8

/4 2 Male 1,952 35 17.9
I 2 Female 1,799 21 11.7

v >2 Male and male! 1,088 24 22.1

|14 >2 Male and female! 2,135 23 10.8

VI >2 Female and female' 932 8 8.6
Total 13,281 185 13.9

! Sex of the last two previous pregnancies.

Table 4. Relative risk of dying of male neonate compared with
female neonate during neonatal period, according to
reproductive history of mother

Relative risk:
male death rate/
female death rate

Reproductive history of mother

Cohort  Parity  Sex of previous pregnancies
I 1 None 1.44
V/4 2 Male 1.07
I 2 Female 1.91
w >2 Male and male* 0.49
4 >2 Male and female' 2.03
124 >2 Female and female' 2.69

! Sex of the last two previous pregnancies

when reproductive antecedents of the mother are taken in
consideration."At parity 1, early neonatal mortality of male
neonates is higher than mortality of female neonates.
However, at parity 2, if the conceptus of the first pregnancy
was male, the risk of dying is the same whatever the sex of the
neonate. If the mother has had two successive male
pregnancies before, female neonatal mortality is higher than
male neonatal mortality. In all other types of sex-related
maternal antecedents, the risk of dying is higher for male
neonates. There is an ascending progression (Fig. 1) of relative
risk of dying of male neonates compared with female neonates
in relation with reproductive antecedents in the following
order: (male, male) - (male) = (no previous pregnancy) —
(female) = (female and male) - (female, female). This is the
result of the conjugation of an ascending progression of male
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Fig. 1. Relative risk of dying during the first week of life of male neonate compared with female neonate, according to the sex-related
reproductive history of the mother (the relative risk is the ratio of male death rate to female death rate). F: female, M: male, 0: no previous

pregnancy.

mortality, and a descending progression of female mortality
according to the same order. A pattern seems to emerge from
these results that survival of the neonate during the neonatal
period is favored by previous maternal pregnancies of same sex
and disfavored by previous pregnancies of opposite sex.

Neonatal mortality is influenced by endogenous as well as
exogenous factors. If an association between neonatal mor-
tality and sexes of previous pregnancies were confirmed, it
would be essential to rule out, first, all possible exogenous
explanations. In particular, environmental factors such as care,
parental behavior, socioeconomic conditions, etc . . ., suscepti-
ble to being correlated with neonatal survival, have to be
analyzed in order to trace a possible association with maternal
sex-related reproductive antecedents. Nevertheless, it is, at first
sight, difficult to conceptualize such an environmental factor
able to affect a newborn baby of a given sex, whose mother
has had previously two pregnancies of the same sex as this
baby, so that it has twice the chance of surviving of its
opposite sex counterpart.

Early neonatal mortality and late fetal mortality partly
depend upon the same factors. If there is an identical pattern
of variation of fetal mortality with reproductive maternal
history, the sex ratio at birth is supposed to be influenced. If
the risk of dying of a fetus is lower after previous maternal
pregnancies of the same sex as its own, there could be a
positive correlation between the sexes of consecutive births.
Several studies of sex-distribution in sibships concluded that
such an association exists (2, 16, 27, 28). However, the
correlation, although significant, is of slight amplitude and
other studies have failed to demonstrate an association
between sexes of consecutive births (8, 9, 14, 15). The sex
ratio depends also upon the early fetal mortality and the
primary sex ratio. The sex-differential mortality during the
early period of gestation is not necessarily identical with the
sex-differential mortality during the late period of gestation
(19), and the sex ratio at conception which determines the size

of populations both male and female at risk is still unknown
(30).

The association found between the risk of dying of a
neonate and the sex of previous pregnancies of its mother is
compatible with an immunologic hypothesis of the sex-differ-
ential perinatal survival, such as formulated in the introduc-
tion. In addition it is possible from the present results to refine
the formulation of this hypothesis. Sex-differential survival of
conceptuses during the perinatal period would be due to
sex-differential conceptomaternal immunologic interactions.
An advantage in survival of the female fetus results from these
interactions in primiparous mothers. However, immunologic
behavior of the mother is altered by previous contact with
fetal antigens. Consequently, sex-differential survival varies
with sex-related antecedents of the gravida. Previous sensitiza-
tion of the gravida by male conceptus provides an advantage in
survival for a subsequent male conceptus, and previous
sensitization by female pregnancy provides an advantage in
survival for a subsequent female conceptus. Repeated contacts
with antigens in successive pregnancies, of the same sex,
increase the sensitization of the gravida and in the same way
affect the survival of the neonates.

SUMMARY

The risk of dying of a neonate during the first days of its life
is thought to be higher for males than for females. The present
study suggests that this phenomenon is not constant when
sex-related reproductive antecedents of the mother are taken
into consideration. The analysis of the sex-differential early
neonatal mortality experienced by a population of 27,343
neonate has revealed an association between the risk of dying
of a neonate and the sex of previous pregnancies of its mother.
The survival of the neonate during the neonatal period seems
to be favored by previous maternal pregnancies of same sex as
its own, and disfavored by the other pregnancies. An
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immunologic hypothesis tor the sex-differential of perinatal

survival has been formulated from these results.
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