
American Journal of Epidemiology
Copyright O 1999 by The Johns Hopkins University School of Hygiene and Public Health
All rights reserved

Vol. 149, No. 9
Printed In U.SA,

Placenta Previa: Preponderance of Male Sex at Birth

Kitaw Demissie,1'2 Mary B. Breckenridge,1-2 Lawrence Joseph,3 and George G. Rhoads2-4

To determine the relation between placenta previa and male sex at birth, the authors conducted two types of
analysis: 1) a historical cohort analysis of singleton live births in New Jersey hospitals during 1989-1992 (N =
447,963); and 2) a meta-analysis of previously published studies on the subject. For the cohort analysis, subject
mother-infant dyads were identified from linked birth certificate and maternal and infant hospital claims data. The
infant's sex for mothers with an International Classification of Diseases, Ninth Revision, Clinical Modification,
code of 641.0-641.1 for placenta previa (n = 2,685) was compared with infant"s sex for mothers without placenta
previa (n = 445,270). For the meta-analysis, seven published articles were located and summary effects were
calculated using both fixed-effect and random-effects models. In the present cohort study, the male:female ratio
at birth was significantly higher in women with placenta previa (1.19) than in those without placenta previa (1.05)
(p < 0.001). The association of placenta previa with male sex persisted when the analysis was either stratified
or adjusted for the effects of maternal age, maternal parity, maternal smoking during the index pregnancy,
race/ethnicity, the Infant's gestational age, and the Infant's birth weight. The meta-analytic results from the fixed-
effect and random-effects models showed a 14% excess of placenta previa when women were carrying a viable
male fetus as compared with a viable female fetus during pregnancy. The results were the same regardless of
whether the present cohort study was included in the meta-analysis. In conclusion, the evidence obtained from
these analyses strongly argues for an association between placenta previa and male sex at birth. The
mechanism for this association remains to be determined. Am J Epidemiol 1999; 149:824-30.
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The human sex ratio at birth appears to be influenced
by variables such as race, parental age, and external cir-
cumstances (e.g., wartime vs. peacetime) (1). A number
of other factors have been considered, including the
psychological status of parents, the time of insemina-
tion within the menstrual cycle, parental disease at the
time of conception, inadvertent exposure of the parents
to deleterious chemicals, and hormonal treatment of the
parents for subfertility or other conditions (1).

Earlier studies carried out in the United Kingdom
and the United States (2-5) reported an excess of
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male births in pregnancies complicated by placenta
previa. A follow-up study by Alberman and Butler
(6), however, failed to replicate this finding. In fact,
Alberman and Butler reported an excess of female
rather than male births among cases of placenta pre-
via, though the association did not achieve statistical
significance. More than 20 years after the initial
reports on this issue, South African (7) and Hungarian
(8) investigators reported a preponderance of male
sex at birth among pregnancies complicated by pla-
centa previa.

All of the above reports lacked details, were mostly
based on small numbers, and did not control for poten-
tial confounders. Furthermore, in some of the studies,
the sample was unrepresentative. Although these
reports provided promising clues to the causes of pla-
centa previa, little attention has been given to them.

The purposes of this study were 1) to examine the
relation between placenta previa and infant sex among
women delivering live singleton infants in a larger and
more representative population and 2) to combine the
results of studies that have examined this issue, with
and without the present study results, using meta-
analytic methods in order to arrive at a more general-
izable conclusion.
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MATERIALS AND METHODS

The New Jersey cohort study

The data for this historical cohort analysis were
obtained from an administrative database that contains
linked birth certificate, infant death certificate, and
maternal and newborn hospital discharge claims data
for all singleton live births to New Jersey residents that
took place in New Jersey hospitals during 1989-1992
(jV = 447,963). The New Jersey Department of Health
linked birth certificates and death certificates for each
year, with only 43 death certificates remaining
unmatched for 1989 and none being unmatched for
1990, 1991, and 1992. The Office of Telecommuni-
cations and Information Systems then linked these data
to the mothers' and infants' hospital discharge data,
which had been linked previously through the Medex
system. The match rate for this database was 94.5 per-
cent for 1989, 95.3 percent for 1990, 95.5 percent for
1991, and 95.8 percent for 1992.

Placenta previa was the outcome of interest. Mothers
whose medical claims contained an International
Classification of Diseases, Ninth Revision, Clinical
Modification (9), diagnosis code of 641.0-641.1 were
considered to have had placenta previa. The sex of the
newborn was the independent variable of interest, and
this information was obtained from the birth certificate.
Other variables derived from the birth certificate data
included birth weight, gestational age, mother's age,
race/ethnicity, parity, and smoking during the index
pregnancy.

We compared the male:female ratio at birth among
women with placenta previa to that among women
without placenta previa using the chi-squared test (10).
The sex ratios at birth were also compared between the
two groups after the data were stratified by maternal
age, parity, smoking during pregnancy, and race/eth-
nicity and the infant's birth weight and gestational age.
The odds ratios across the strata were pooled for cal-
culation of a summary (adjusted) odds ratio using the
Mantel-Haenszel method (10). We further assessed the
relation between placenta previa and infant's sex at
birth using multiple logistic regression (11) after
adjusting simultaneously for the effects of maternal
age, parity, smoking during the index pregnancy,
race/ethnicity, and the infant's gestational age and
birth weight. A possible interaction between infant's
sex and maternal age (categorical and continuous) was
examined by introducing an interaction (product) term
into the model.

Meta-analysis and review of previous studies

The authors searched the medical literature using
MEDLINE® for the period January 1966-January

1998, in order to identify studies that had examined the
relation between placenta previa and infant sex. The
following terms were used in locating the articles:
"placenta previa," "antepartum hemorrhage," "bleed-
ing during pregnancy," "sex ratio," "male birth," and
"infant's sex." In addition to articles identified by the
computer search, references cited in both the primary
articles and the secondary articles were also identified.
Three of the seven studies identified had been pub-
lished prior to 1966. No special effort was made to
exhaustively review the literature published prior to
1966. Only papers written in English were scrutinized.
A total of seven articles were identified and reviewed.

Previous studies that examined the relation between
placenta previa and infant sex are described in table 1.
Most of the studies reviewed here were lacking in
details, either because the studies were reported in let-
ters to editors (4, 6) or because their primary objec-
tives were different from the focus of this report (2, 5).

Estimated odds ratios and 95 percent confidence
intervals were calculated from the raw data provided in
the articles. Two-sided confidence intervals were used
for analysis (11). To estimate the magnitude of the
association between presumed placenta previa and
male sex, we pooled the odds ratios from the seven
studies both with and without the estimate obtained
from the present study. The summary estimates for the
odds ratios were calculated according to four different
methods described by Eddy et al. (12). In particular,
two fixed-effect methods (Peto's method and a
Bayesian method with a noninformative prior distribu-
tion) and two random-effects methods (the method of
Dersimonian and Laird and a hierarchical Bayesian
method) were used. Fixed-effect models assume that
there is a single parameter (here, the odds ratio) that is
being estimated across all studies. In contrast, random-
effects models assume that the "true" parameter values
(odds ratios) in the study settings can vary depending
on the particularities of the study—for example, differ-
ences in effects across different populations and the
different methodologies employed by the studies.
Confidence intervals derived from fixed-effect models
include only the variation due to random sampling, and
the observed differences in odds ratios between single
studies are ignored. Confidence intervals derived from
random-effects models recognize two types of varia-
tion: 1) the variation due to random sampling consid-
ered by the fixed-effect models (which can be consid-
ered within-study variation) and 2) between-study
variation. Therefore, confidence intervals from random-
effects models are usually realistically wider than the
corresponding fixed-effect confidence intervals, and
they are interpreted as the range of values that one
might predict for the odds ratio in the "next" study in
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TABLE 1. Previously published studies that have examined the relation between placenta previa and Infant sex

Authors)
and
year

(ref. no.)

Placenta previa cases Comparison group

No. of infants

Total Males Females
Source

No. of Infants

Total Males Females
Source

Record, 1956(2) 1,004

Rhodes, 1965(3) 97

Hlbbard, 1985(4) 353

Alberman and Butler, BO
1966(6)

Brenner etal., 1978(5) 185

MacGillivray et al., 1986(7) 391

Jakobovfts and Zubek, 144
1989(8)

127,751 65,843 61,908 All births In Birmingham,
England, 1942-1952

15,820 8,258 7,562

534 470 All cases at five maternity
hospitals and two general
hospitals, Birmingham,
England, 1942-1952

53 44 All cases at St. Thomas'
Hospital (5 years) and
Lambert Hospital (4 years
and 10 months), London,
England, 1960-1964

199 154 All cases at Mill Road Maternity 44,075 22,743 21,332
Hospital, Liverpool,
England, 1952-1964

33

109

47 AD cases identified in a national 16,898 8,757 8,141
survey of mktwtves,
England, Scotland, and
Wales, March 3-9, 1958

219

90

76 All cases at McDonald House,
University Hospital,
Cleveland, Onto, January
1, 1962-December31,
1969

172 All cases In the Peninsula
Maternity and Neonatal
Service Region, Cape
Town, South Africa,
1976-1983

54 All cases at Toldy Ferenc
Hospital, Cegled, Hungary,
January 1, 1972-December
31, 1988

30,885 15,968 14,917

114,079 58,444 55,635

26,858 13,833 13,025

All other deliveries at St
Thomas' Hospital (5 years)
and Lambert Hospital (4
years and 10 months),
London, England,
1960-1964

All other deliveries at Mill Road
Maternity Hospital,
Liverpool, England,
1952-1964

All other births Identified In a
national survey of mid-
wives, England, Scotland,
and Wales, March 3-9,
1958

All other singleton deliveries at
McDonald House,
University Hospital,
Cleveland, Ohio, January
1, 1962-December31,
1969

AH other deliveries In the
Peninsula Maternity and
Neonatal Service Region,
Cape Town, South Africa,
1976-1983

General newborn population
at Toldy Ferenc Hospital,
Cegled, Hungary, January
1,1972-Oecember3i,
1986

the population of potential studies from which the cur-
rent studies are considered to be a random sample.

RESULTS

The New Jersey cohort study

Among the 447,963 singleton live births in New
Jersey hospitals during the 4-year period (1989-1992),
placenta previa was coded for 2,685 births (0.6 per-
cent). The rates of placenta previa were identical in
each of the 4 years. For eight births, the sex of the
infant was missing.

The male: female ratio at birth was significantly
higher in women with placenta previa (1.19) than in
those without placenta previa (1.05) (p < 0.001; see
table 2). Male sex at birth was associated with a 14
percent excess of placenta previa (table 2).

The odds ratios for male sex associated with placen-
ta previa remained statistically significant after we

accounted separately for the effects of maternal age,
parity, maternal smoking during the index pregnancy,
race/ethnicity, infant gestational age, and infant birth
weight (table 3). The association between male sex and
placenta previa persisted even after these variables
were simultaneously included in a model with infant's

TABLE 2. Male:female ratio at birth among deliveries to
women with and without placenta previa, New Jersey,
1989-1992*

Women without placenta previa

No. of Infants

Males Females

227,816 217,454

Male:
female

ratio

1.05

Women with placenta previa

No. of Infants

Males Females

1,460 1,225

Male:
female
ratio

1.19f

* Odds ratio for maJe sex associated with placenta previa = 1.14
(95% confidence interval 1.05-1.23).

t x* = 11-024, p < 0.001, as compared with the sex ratio in
women without placenta previa.
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sex at birth (odds ratio (OR) = 1.16, 95 percent confi-
dence interval (CI) 1.07-1.26). Models containing
interaction terms for infant sex and maternal age (cat-
egorical and continuous) revealed no significant inter-
action between these two variables.

Because placenta previa is common in early preg-
nancy and frequently resolves as the pregnancy pro-
gresses, it is possible that reviewers may code placenta
previa as part of the hospital discharge diagnosis if
resolved placenta previa is listed on a patient's admis-
sion record. To indirectly validate the coding of placen-
ta previa in the New Jersey cohort administrative data
set, we checked the proportion of placenta previa births
in which cesarean section was recorded as the mode of
delivery. We found cesarean section in 84.8 percent
(2,276/2,685) of the placenta previa births. We then
reran the analyses, restricting the definition of placenta
previa to those pregnancies with both a discharge diag-
nosis of placenta previa and a code indicating cesarean
section delivery. The results reported above did not
change substantially in these analyses. For example, the
unadjusted odds ratio for male sex associated with pla-
centa previa was 1.11 (95 percent CI 1.03-1.21). After
adjustment for the effects of maternal age, parity,
smoking during the index pregnancy, race/ethnicity,
infant gestational age, and infant birth weight, the odds
ratio was 1.13 (95 percent CI 1.03-1.23).

Meta-analysis

The odds ratios for male sex in each of the seven
studies found to report on the association between pla-
centa previa and sex ratio at birth are displayed in table
4. With the exception of the small study reported by
Alberman and Butler (6), the direction of the associa-
tion between placenta previa and male sex was the
same: There were more male births in pregnancies
complicated by placenta previa. Data from the reports
of Record (2), Hibbard (4), and MacGillivray et al. (7)
achieved borderline statistical significance, while data
from the studies by Brenner et al. (5) and Jakobovits
and Zubek (8) were statistically significant Data from
the study reported by Rhodes (3) were statistically sig-
nificant when the male:female ratio of deliveries asso-
ciated with placenta previa was compared with the sex
ratio for the entire United Kingdom during the study
period. However, the statistical significance disap-
peared when the male:female ratio for placenta previa
deliveries was compared with that for non-placenta
previa deliveries within the study population.

Table 5 shows the meta-analytic summary odds
ratios for male sex in cases of placenta previa for all of
the studies, including and excluding the present study.
In both the fixed-effect and random-effects models,

TABLE 3. Association of male sex with placenta previa,
according to maternal age, parity, race/ethnlclty, and
smoking during pregnancy and the Infant's birth weight
and gestational age, New Jersey, 1989-1992

Maternal age (years)
<20
20-24
25-29
30-34
35-39
40-55
Summary

p value*

Parity
1
2-3
£4
Summary

p value

Maternal race/ethnicity
White
African-American
Hispanic
Other
Summary

p value

Infant's birth weight (g)
<1,500
1,500-2,499
2,500-4,000
>4,000
Summary

p value

Infant's gestational age
(completed weeks)

22-34
35-37
38-42
>42
Summary

p value

Maternal smoking during
pregnancy

Present
Absent
Summary

p value

No.
of

births

40,244
88,950

142,236
124,739
45,156
6,630

194,187
207,731

12,904

272,810
82,573
64,791
27,781

5,265
22,056

370,582
49,373

13,074
38,969

364,377
20,488

52,566
376,882

Odds

ratio

1.20
1.17
1.10
1.18
1.08
1.04
1.14

1.11
1.11
1.25
1.12

1.11
1.27
1.18
0.96
1.14

1.14
1.14
1.23
1.13
1.20

1.06
1.09
1.16
0.87
1.12

1.12
1.15
1.15

95%
confidence

interval

0.80-1.80
0.94-1.45
0.95-1.28
1.04-1.35
0.91-1.29
0.69-1.57
1.05-1.23

0.953

0.97-1.27
1.00-1.23
0.89-1.77
1.03-1.21

0.795

1.00-1.22
1.07-1.51
0.97-1.44
0.72-1.28
1.05-1.23

0.327

0.85-1.53
0.96-1.36
1.12-1.35
0.76-1.64
1.11-1.30

0.855

0.89-1.26
0.94-1.27
1.05-1.30
0.41-1.85
1.04-1.21

0.688

0.91-1.37
1.06-1.26
1.06-1.24

0.765

• Breslow-Day test for homogeneity.

there was approximately a 14 percent excess of pla-
centa previa among pregnancies with a male fetus as
compared with a female fetus. This was the case

Am J Epidemiol Vol. 149, No. 9, 1999



828 Demissie et al.

TABLE 4. Odds ratios from meta-analysls of previous
studies that have examined the association between placenta
prevla and Infant sex at birth

Authors) (ref. no.),
location, and year

No. of
mothers

with
placenta

prevta

Odds
ratio
tor

male
sex

95%
confidence

Interval

Record (2), Birmingham,
England, 1956

Rhodes (3), London, England,
1965

HIbbard (4), Liverpool, England,
1965

AJberman and Butler (6),
England, Wales, and
Scotland, 1966

Brenner et al. (5), Ohio,
United States, 1978

MacGllllvray et al. (7), Cape
Town, South Africa, 1988

Jakobovrts and Zubek (8),
Cegled, Hungary, 1989

1,004

97

353

80

185

391

144

1.07

1.10

1.21

0.65

1.34

1.21

1.57

0.95-1.21

0.74-1.65

0.98-1.50

0.42-1.02

1.00-1.80

0.99-1.48

1.12-2.20

regardless of whether the present study results were
included in the meta-analysis. In general, the 95 per-
cent confidence intervals obtained from the fixed-
effect models did not include the null value of unity,
while the results from the random-effects models did
(though the lower limit was typically very close to
unity).

DISCUSSION

Both the present cohort study and the summary risk
estimates from seven previous studies obtained from
the fixed-effect models provide evidence supporting
an increased malerfemale ratio at birth among women
with placenta previa as compared with those without
placenta previa. However, the summary risk estimates

TABLE 5. Summary odds ratios from meta-anarysls of male
sex In placenta previa

All studies (2-8), At studies (2-8),
plus present excluding present

study study

OR' 95% O OR 95% Cl

1.14 1.02-1.28 1.14 0.97-1.35

1.14 1.08-1.21 1.14 1.05-1.24

Peto's method
Bayes' method, wtth no

random effects
(no hierarchy)

Hierarchical Bayeslan
method (random-effects
model) 1.15 0.96-1.38 1.16 0.91-1.48

Demlmonlan and Laird
method (random-
effects model) 1.14 0.95-1.38 1.14 0.86-1.52

* OR, odds ratio; Cl, confidence interval.

obtained from the random-effects models showed sim-
ilar directionality but had confidence intervals that
included the null value of unity (though the lower limit
was typically very close to unity). This discrepancy
between the results of the fixed-effect and random-
effects models was due to the heterogeneity of the
study results that were pooled. For example, the odds
ratio reported by Alberman and Butler (6) was below
unity. This observed heterogeneity between at least
some of the studies means that the random-effects
model should be preferred to the fixed-effect model.
Therefore, the meta-analysis reported here does not by
itself provide strong evidence of a relation between
placenta previa and male sex.

It was difficult to assess the quality of most of the
previous studies, because of the incompleteness of the
information presented in the reports. The present study
was based on a statewide database of all singleton
births (the largest population of all reported studies on
the subject) and investigated the potential role of con-
founding and effect-modifying variables. Moreover,
the rates of placenta previa were consistent over the
years studied (1989-1992) and were in agreement with
published results (7, 13-15).

Our analyses used information routinely collected on
the New Jersey state birth certificate, infant death cer-
tificate, and maternal and newborn hospital discharge
claims data. We did not attempt to verify the data
through medical chart review. The accuracy of the
diagnosis of placenta previa based on administrative
data sets is unknown. Studies conducted to assess the
percentage of agreement between diagnoses on reab-
stracted records and original hospital records have
shown a specificity of over 94 percent (mostly >99 per-
cent) for 12 disease system categories (16). The sensi-
tivity varied from 58 percent to 97 percent. On the
other hand, placenta previa diagnosed early in preg-
nancy and resolved toward the end of pregnancy may
be coded as present if placenta previa has been noted
on the patient's admission record (reducing specificity).
In either case, we have no reason to believe that the
misclassification would be differential by the infant's
sex. Furthermore, analyses restricting the definition of
placenta previa to cases that also involved cesarean
section delivery did not change our conclusions.

The correct diagnosis of placenta previa requires
either documentation with ultrasound or a careful check
and documentation at the time of cesarean section. We
are uncertain of the proportion of this New Jersey
cohort in which these criteria were used to define cases
of placenta previa. Similarly, these criteria were
unlikely to have been applied regularly in defining
cases of placenta previa in the studies included in the
meta-analysis, particularly because many of the older
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studies were conducted before the advent of obstetric
ultrasound. Therefore, it is likely that patients with
other causes of third trimester bleeding, such as placen-
tal abruption, may have been included in the definition
of placenta previa, and the findings may represent the
greater preponderance of male births among pregnan-
cies with third trimester bleeding due to any cause.

Our finding of a greater preponderance of male births
in pregnancies coded for placenta previa was based on
those pregnancies that resulted in live births. The New
Jersey linked birth certificate, infant death certificate,
and maternal and newborn hospital discharge claims
data do not contain any information on pregnancies that
end in stillbirths and abortions. Findings obtained from
the sexing of aborted fetuses by observation of external
genitalia or the microscopic appearance of the gonads
have been discordant. The most reliable investigation
of anatomic sexing in abortions revealed a male:female
sex ratio of 1.10 and 1.20 at different stages of gesta-
tion (17). Gonadal sexing is limited by the fact that
most abortions occur before sex can be identified from
the external genitalia, and also by the relative promi-
nence of the female clitoris during gestation, which
may result in overestimation of male sex. Findings
based on sex chromatin analysis of spontaneous abor-
tions have been equally conflicting. However, most
have reported a high preponderance of males (17).

Jakobovits and Zubek (8) reported the malerfemale
ratio at birth associated with placenta previa to be
highest at the extreme ends of the maternal age range.
However, their observation was based on a small num-
ber of women with placenta previa in the extreme
reproductive age groups. For example, in the age
groups 16-20 years and 36-40 years, the numbers of
women with placenta previa were 11 and 17, respec-
tively, where sex ratios of 2.67 and 4.67 were reported.
We observed that the odds ratio for male sex associated
with placenta previa was highest for the maternal age
group <20 years but was not significantly different
from the odds ratios obtained among other strata of
maternal age (nonsignificant result of the Breslow test
for homogeneity; see table 3).

In the study by MacGillivray et al. (7), the relation
between placenta previa and the sex ratio at birth was
found to be modified by parity. Among women with-
out placenta previa, the male:female ratio decreased
with increasing parity, whereas among women with
placenta previa, the sex ratio increased with increasing
parity. However, the latter trend did not achieve statis-
tical significance. In our analysis, the odds ratio for
male sex associated with placenta previa was higher
among women with parity of ^4, though it did not dif-
fer significantly from the odds ratios obtained in other
strata of parity (table 3).

We examined the possibility that the excess of pla-
centa previa with male births might be mediated
through greater birth weight. Stratified analysis by
birth weight showed a higher malerfemale ratio in
babies weighing more than 4,000 g as compared with
the other birth weight categories used. However, the
increased male:female ratio was observed in both
women without placenta previa (malerfemale ratio =
1.80) and women with placenta previa (malerfemale
ratio = 2.02). The increased risk of placenta previa
with male sex was present in all birth weight strata
(table 3). Birth weight in pregnancies complicated by
placenta previa tends to be lower than birth weight in
other pregnancies (18). Therefore, it is difficult to dis-
entangle the role of placenta previa in fetal growth and
timing of delivery from the role of fetal weight in the
occurrence of placenta previa.

The pathophysiologic mechanism explaining the
association between placenta previa and male sex at
birth is unknown. MacGillivray et al. (7) proposed that
early and late insemination during the menstrual cycle
may cause an increase in male conceptions and also lead
to a change in the site of implantation. Other possible
explanations include the preferential demise of female
fetuses that implant in the lower segment of the uterus.

In conclusion, the evidence that seven of the eight
studies examined (including the present study) had the
same directionality of effect and that there was a 14
percent excess of placenta previa associated with male
births in the present study makes it difficult to escape
the conclusion that women carrying male fetuses have
a higher risk of developing placenta previa. The mech-
anism for this association remains undetermined, but it
may provide clues to the causes of low placental
implantation.
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