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When insemination occurs early in the menstrual cycle the sperm
may be over-ripe,and when fertilisation occurs later e ovamaybe
over-ripe. Both over-ripepermand e ovaarssoated
with an. ieased incidence of i: l r ,
blighted ova, and death oftheblastocyst, and it hasben suggested
that in such cases femnal aembryos m,y have a higher incidene of
abnormalities and death.' When early or laeii inion results in
fertilisation of an over-ripe ovum or by an over-ripe sperm the
survivaj ofmale embryos may thus be relatively incased, resulting
in an increased male to female sex ratio at birth. Similarly, the
development of the embryo from an over-rpe sperm or ova may be
impaired, resulting in dedayed and lowimplantaiion of the embryo
in the uterus and hence placenta praevia.

Placenta praevia may thus be due to delayed development and
implantation of the blastocyst resulting from early or late insemina-
tion, which is associated with an increase in the male to female sex
ratio. The progressive increase in the sex ratio withincreasg parity
in women with placenta praevla is dfficult to explain unless-
increasing parity is in some way associated with an increase in
the incidence of feriisation of over-ripe ova or by over-ripe

sperms. The significant increase in -the sex ratio nevertheless
suggests that early or late insmination and impaired development
ofthe embryo may be a predisposing factor in placenta praevia.
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An epidemiological study of the immunogenetic aetiology of
pre-eclamrpsia
BETH W ALDERMANA.b, RHODA S SPERLING, JANET R DALINGC

Abstract

A populadion based casercontrol st,4y of the association
between dissimilar race ofparents and risl ofpreeclampsia was
undertaken. Data on singleton births in Wasington State in 1981
were available for analysis frp.m birth icates. AU moth.
recorded as having pre-eclapsia and a sample ofmothers -who
did..not have .pre-eclampsia were eligible for comparon. with
regard to-rcial.dissimilariy between prenats. Women with
previously diagnosed cardiovascular disease and diabetes were
excluded. After the confounding effects of

'

_atertal parit and
race had been controlled for, racial dissimilarity of parents was
associated with a 19-fold increased risk of pre-eclampsia (95%
confidence interval=1*3-2-8; number ofcases=973, ofcontrols=
1480).
This finding supports the theory that gesnetic dissimility of

father and mother has a role in.pre-eclampsia md is.consistenrt
wiih an immunogenetic aetiology.
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Introduction

Previous studies have linked paternal factors with pre-eclamp-
sia.'2 Several reports have indicated that change of paternity is
associated with an- increased occurrence of pre-meclampsia among
multiparous women," while others have suggested that exposure to
paternal. spermatic antigens may protect against pre-eclampsia.6
Such observations support the theory that pre-eclampsia, may
represent a disorder in the maternal immune response to paternally'
ifnherited antigens expressed by the fetus..

Sotn investigtors believe that paternal antigens may increase
the risk of pre-eclampsia- through genetic dissimilarity from the
mother, which results in immunological" incompatibility betweenr
fetus and mother.- This theoy is supported by a le epid
logical stUdy of ahighty CGnsanguieous population, which found
that paternal unrelatedness to the mother was associated with an
increased-riskl-of pre-eclampsia.' Other investigators, however,
believe that the depression of the maternal immune response in
pre-eclampsia may result 'from inadequate stmulation of the
immune response owing.to genetic similarity of'the father' and
mother.'.-- ' i-
We designed apopnladon based case-control'studyto re-examine

the relation betwn preeclampsiaand a global measure of genetic
dissimilarity ofmother,and father. D, ssimilartrace ofparents, rather
than lack oftcona u y, was used as the- indicator of genetic
dissimilarity.

Methods
Birth certfictes for all single births that occurred in Washington State in

1981 were used to identify subjects and provide.data fora;nalysis. All women.
who were recorded as having pre-eclampsia on the birth certificate were
eligible for inclusion in;the study. Accordingto protocol, the birth certificate
is completed within two days ofbirth by a nurse or doctor who was present at
the birth or by a member of staffat the hospital who has been trained by the
state health departnent. Ifthe attendingdoctor has diagnosed pre-eclampsia
a box labelled pre-elampsia is to be ticked on theverdficate. This protocolis
followed closely,, as shown by a recent study, which found that after the
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checklist format was instituted in 1980 the number of cases of pre-eclampsia
identified on birth certificates reached 97% of the number identified by
hospital survey.'0

This method probably identifies patients with severe pre-eclampsia, as

diagnosed by the Nelson criteria, as pre-eclampsia is generally defined in the
United States as hypertension accompanied by proteinuria or oedema. " The
diagnostic criteria of the American College of Obstetrics and Gynecology for
pre-eclampsia include the development of hypertension induced by preg-
nancy after the 20th week accompanied by proteinuria or generalised
oedema, or both. Hypertension is defined as raised blood pressure on at least
two occasions six or more hours apart. Blood pressure is considered to be
raised if the diastolic pressure is ¢90 mm Hg, the systolic pressure is ¢ 140
mm Hg, or there is an increase of ,30 mm Hg in systolic pressure or 15
mm Hg in diastolic pressure above the patient's normal levels." These
criteria yield lower estimates of the incidence of pre-eclampsia than British
criteria as they exclude women with isolated hypertension or proteinuria. 12
A systematic sample of women who did not have pre-eclampsia was

selected for comparison (controls). The sample was chosen by selecting
every 35th record from a file of all birth certificates on which the mother had
not been recorded as having pre-eclampsia. The file was ordered by county
and date of birth and was irregularly periodic with regard to these two
factors. Because of the irregularity this system should have yielded an

essentially random sample. 13
To limit the study as much as possible to hypertension induced by

pregnancy rather than pre-existing hypertension pre-eclamptic and non-pre-

eclamptic women who were recorded on the birth certificate as having a
history ofhypertension, heart disease, chronic renal failure, or diabetes were
excluded from the analysis.

Maternal and paternal race were both required for assignment of the
infant's race and were both recorded on the birth certificate. 14 Data on race

were available in these categories: Mexican or Chicano (Hispanic); Chinese,
Japanese, Filipino, Hawaiian, or other Asian and Pacific Islander (Asian);
Indian or Red (native American); negro, black, or coloured (black); white or

Puerto Rican (white). Maternal and paternal race were considered to be
dissimilar when they fell into different categories and similar when they fell
into the same category. Evidence from previous work on population analyses
of HLA-A, HLA-B, HLA-C, HLA-DR, and other genetic markers
indicates that such categories may be used to separate subjects into
genetically dissimilar groups.'5

Other previously reported and possible risk factors for pre-eclampsia for
which data were available from birth certificates included maternal age, race,
and parity, maternal and paternal occupational state,'2 marital state,'6 sex of
infant,'7 history of miscarriage,"' interval since last live birth, and interval
since last fetal death. The relation between pre-eclampsia and each of these
factors was investigated by categorical analysis, using odds ratios and
standardised odds ratios. 1920 Factors shown by this method to be related to
pre-eclampsia were considered to be potential confounders of the relation
between pre-eclampsia and dissimilar race of parents.2'
The relative risk of pre-eclampsia associated with dissimilar race of

parents was estimated by the odds ratio, for which confidence intervals were

calculated by the test based method.22 The odds ratio was evaluated for
confounding by stratification and adjustment for each of the potential
confounders by the Mantel-Haenszel method.23 If the adjusted odds ratio
differed from the unadjusted odds ratio confounding was considered to be
present.24 For the final analysis the odds ratio was simultaneously stratified
and adjusted for all confounders by Mantel-Haenszel adjustment. In
addition, each maternal-paternal racial combination was investigated to
determine whether the increased risk of pre-eclampsia was limited to any
particular subgroup.

Results

We identified 1404 women with pre-eclampsia, corresponding to a yearly
incidence of pre-eclampsia throughout the state of 22/1000 live births. After
women with cardiovascular disease, renal disease, and diabetes and those for
whom data required for the final analysis were lacking had been excluded
there were 973 women with pre-eclampsia and 1480 women without
available for analysis (table I).
The unadjusted odds ratio relating dissimilar race of parents to pre-

eclampsia was 1-5, suggesting that there was a 1 -5-fold increase in risk of pre-
eclampsia associated with dissimilar race. Maternal age, race, and occupa-
tion, marital state, parity, history of spontaneous abortion, interval since the
last live birth, interval since the last fetal death, and paternal occupation
were associated with pre-eclampsia and were considered to be potential
confounders of the odds ratio. Stratification of the odds ratio by each
potential confounder showed that Mantel-Haenszel odds ratios adjusted for
maternal race, parity, and interval between births differed from 15 (table
II). Simultaneous stratification by maternal race, parity, and interval
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between births showed that dissimilar race of parents was associated with a
1 -9-fold increased risk ofpre-eclampsia (95% confidence interval= 1 3, 2-8).
The increased risk was not limited to any particular racial combination of
parents.

Discussion

This study shows that dissimilar race of mother and father is
associated with an increased risk of pre-eclampsia. The results also
suggest that genetic dissimilarity is an important cause of pre-
eclampsia. Racial dissimilarity of father and mother was associated
with 9-4% of the cases of pre-eclampsia in Washington.25 The total
proportion of pre-eclampsia associated with genetic dissimilarity
should be very much larger than that in view of the genetic
dissimilarity that exists between parents within racial categories.
The results of the study may have been influenced by the

retrospective use ofthe doctor's diagnosis ofpre-eclampsia. Women
who did not meet the strict criteria of the American College of
Obstetrics and Gynecology for pre-eclampsia may have been
included among the cases, and some women who did meet these
criteria may have been included among the controls. Both of these
errors would have diminished distinctions between the two groups
and resulted in underestimation of the true risk of pre-eclampsia
associated with dissimilar race of parents.

If, by chance, physicians were more likely to diagnose women as
having pre-eclampsia when the mother and father were of different
race, the risk could have been overestimated. Two observations
suggest that this was unlikely. Firstly, more frequent diagnosis is
unlikely as dissimilar race of parents is not generally thought to
be related to pre-eclampsia, and, secondly, increased diagnosis
through more frequent contact with doctors is unlikely as the month
in which prenatal care began was similar in those with and without
pre-eclampsia.
Another factor that may have affected the results of the study is

the use of differences in racial or ethnic groupings, or both, as
global measures of genetic dissimilarity. The Hispanic group, in

TABLE I-Women with pre-eclampsia (cases) and without (controls) included in the
analysis*

No of cases No of controls
(% of those eligible) (% of those eligible)

Total identified 1404 1816
No excluded for:

Hypertension 83 4
Heart disease 4 1
Chronic renal failure 6 0
Diabetes 31 3

Total eligible 1283 (100) 1808 (100)
Missing data on:

Maternal race 3 (0 2) 3 (0-2)
Paternal race 206 (16-1) 185 (10-2)
Parity or birth interval 101 (7 9) 140 (7-7)

Total analysed 973 (75-8) 1480 (81-9)

*Selected from all women who delivered singleton babies in 1981 in Washington State.

TABLE II-Relative risk ofpre-eclampsia due to dissimilar race ofparents* stratified
and adjustedfor otherfactors

Mantel-Haenszel
adjusted relative

No of No of risk (95% confidence
Factors Stratum cases controls interval)

I White 877 1328 1
Black 28 41

Maternalrace NativeAmerican 16 23 1-6 (1-1-2-3)
Asian 26 57
Hispanic 26 31]

Parity 0 770 606 1-8 (1-1-2-5)-_>1 203 874

Birth interval J<4 128 642 20 1334
(years) { 4 75 232 } 20 (13-3-4)

Race, parity, and
birth interval 973 1480 1-9 (13-2-8)

*Estiited by odds ratio.
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particular, may not be genetically different from North American
whites. The Asian category, on the other hand, contains many
subgroups that may be genetically distinct, such as Japanese,
Laotian, and Pacific Island peoples. The potential effect of these
errors in classification (that is, increasing the genetic similarit
between the five racial groups or increasing the genetic difference
within the groups) would be to obscure a risk due to dissimilar race
of parents, not -to create a falsely high estmate of the_ risk._
The use of a gloW M of gene ilarity can

overcome some difficulties encounteredin oenetic studies
ofpre-eclamrpsia. Genetic studies-ofHLAandABQ abity
are difficult to interpret, as the loci onnected with th ietiology of
pre-eclampsia are unknown. Trophoblastic angens, rher than
HLA and ABO antigens, may contribute to the aetiology of pre-
eclampsia26 In addition, such studies are expensive a-d are
restricted by the g but nevertheless limite derstanding
of immunogenetic mechanisms.'As a result -suchstudies often
compare sallgrou with regard to many-riables, d chance
differencesmayseemsignificant (unlesXthe analysisiscorcted for
multiple testing) while importat differences may.nt be detected
(owing to lack of statistical power).
The most importa potentiallimtionfthe stuWdyis thata false

increase in the estimate of the risk could have been obuained if
dissimilar race of parents were associated with other unidentified
risk factors for pre eclampsia. People who mary across racial,
ethnic, and religious b d are often older andmore likely to
have been divorced than people who marry wit such groups.27
Although we were able to contrl kdirectly for these factors in this
study by controlling for age and parity, there may be,other non-
genetic differences between these groups that account for the
increased risk ofpre-clampsia.
On the other hand, the similaritofthese results and the results of

a previous epidemiological study' would suggest- that genetic
dissimilarity, rather than other factors, accounted for the insed
risk of pre-eclampsia. Tbe previous study was conducted among a
highly consanguineus religious group in Turkey, was based in a
clinic, and used a low level of c nit as a measure of
genetic dissimilarity. Our study was conducted-in Washington, was
population based, and used racial dissimilarity ofmother and father
as a measure of genetic dissimilarity. It seems Unlikely that these
two very different studies would have been affected similarly by
extraneous factors.

Furthermore, the results of this study support the current theory
that pre-eclampsia results from a disorder in the maternilimmuneI
response to paternally inherited fetal antigens. Evidence indicates
that this disorder may be influenced by many factors, such as
maternal inheritance of a predisposition to pre-ecampsiam29 and
maternal history of previous exposure to homologous antigens
through blood transfusions-* and sexual intercourse.' The antigenic
stimulus of the pregnancy is undoubtedly also important, and an
excess of antigen-antibody complexes might occur when antigenic
stimulus increases because ofgenetic dissimilarity ofthe iiothera`nd
fetus.' Evidence thought to indicatethat genetic similarityiesultsin
pre-eclampsia is based on reports of disordered maternal immune
function and maternal HLA homozygosity. These findings may be
more consistent with an inherited maternal immune dysfunction
tn with genetic similarity, as pointed out by the authors of-th.ose
reports.93' In addition, the lack of evidence for HLA and-ABO
incompatbility between mother and fetus32 does not rule out
genetic dissimilarity for reasons discussed above.

In the future the rough concepts of "similarity" and "difference"
will, we hope, be refined by the development of more specific
hypotheses. Unfortunately, the results of this study do not
provide obvious clues for further study.: Nevertheless, neither the
association`bettween pre-ec psia and interval'between births nor
theassoca onbetween pre-eclaipsiaand ma c ofparents
has ben noted previoisly, and both. should be studied fiither.-
in conclusion, these results support an association between.pre-

-eclampsia and genetic dissimilarity of mother and father and -the
ery that pre-eclampsia hasAn o genetic aetiology.

--We-thnk Dr RihardBerkowitz, DrGertrud Berkowitz, and DrRichard
H_nan for their helpful review of this manuscrpt.
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