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Epidemiology of Holoprosencephaly:
Prevalence and Risk Factors

IEDA M. ORIOLI* anpo EDUARDO E. CASTILLA

The wide variation in cerebral and facial phenotypes and the recognized etiologic heterogeneity of
holoprosencephaly (HPE) contribute to the observed inter-study heterogeneity. High lethality during the early
stages of embryonic and fetal development makes HPE detection age dependent. By reviewing 21 HPE
epidemiologic articles, the observed prevalence rate differences can be largely explained by the pregnancy
outcome status of the studied cohort: livebirth, stillbirth, and terminations of pregnancy (TOPs): lower than 1 per
10,000 when live and still births were included, higher when TOPs were included, and between 40 and 50 per
10,000 in two classical Japanese studies on aborted embryos. The increasing secular trend observed in some
studies probably resulted from an increasing use of prenatal sonography. Ethnic variations in birth prevalence
rates (BPRs) could occur in HPE, but the available data are not very convincing. Higher BPRs were generally
observed in the less favored minorities (Blacks, Hispanics, Pakistanis), suggesting a bias caused by a lower prenatal
detection rate of HPE, and consequently less TOPs. Severe ear defects, as well as microstomia, were part of the
spectrum of HPE. Non-craniofacial anomalies, more frequently associated with HPE than expected, were genital
anomalies (24%), postaxial polydactyly (8%), vertebral defects (5%), limb reduction defects (4%), and
transposition of great arteries (4%). The variable female predominance, found in different HPE studies, could also
depend on the proportion of early conceptions in each study sample, as males are more likely to be lost through

spontaneous abortions.
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INTRODUCTION

The ultimate aim of epidemiologic
studies of any congenital anomaly is to
identify risk factors capable of guiding
public health strategies for prevention.
With a maximum observed prevalence
rate of 1:250 conceptions [Matsunaga
and Shiota, 1977], holoprosencephaly
(HPE) is considered as the most frequent
central nervous system defect in humans.
However, relatively few epidemiological
studies have been performed on HPE at
older gestational ages, and so far no

definitive risk factor has been clearly
proved to be associated with HPE.

The main challenge in summarizing
published epidemiologic studies on
HPE derives from applying varying
definitions. The anatomical brain defect
named HPE has a precise definition:
it occurs when the prosencephalon
fails to cleave sagittally into cerebral
hemispheres, transversely into telece-
phalon and diencephalon, and/or
horizontally into olfactory and optic
bulbs [DeMyer and Zeman, 1963;

Cohen, 1989a]. Nevertheless, substan-
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tial variations of the cerebral defect, as
well as of the accompanying facial
anomalies, exist, generating differences
in the ascertainment of HPE cases.
Etiologic heterogeneity also contributes
to the marked differences among studies.
Environmental, genetic, multifactorial,
and unknown causes seem to be involved
in the genesis of this condition. Several
studies have excluded, or analyzed
separately, the HPE cases with chromo-
and/or  with
recognized monogenic syndromes. The
chromosome status of a HPE patient is

some abnormalities,

not easy to determine, due to their
high perinatal mortality rate, and at least
10% of those with normal karyotypes
have microdeletions/duplications and
remain undetected by usual karyotyp-
ing. Finally, different strategies in case
selection can introduce different biases
in the ascertainment of cases.

Our aim was to present some
common epidemiologic clues of HPE,
taking into account the recognized
heterogeneity among the different pub-
lished case series.
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SYSTEMATIC LITERATURE
REVIEW

Twenty-one articles on the epidemiol-
ogy of HPE were selected for this review
(Table I). Only two of them were based
on examination of embryos, and one
referred only to cyclopia, the most severe
form of HPE. For the others, the selected

populations were live and/or still births,
and terminations of pregnancy (TOPs).
We did not consider studies of HPE series
without denominators of births or con-
ceptions, such as those of Moog et al.
[2001] and Stashinko et al. [2004]. HPE
series ascertained from ultrasonographi-
cally detected congenital anomalies, such
as that of Blaas et al. [2002] were also

excluded. In Table I, updated from
Leoncini et al. [2008], 24 HPE series
from the 21 articles are shown. Three of
them presented two separate HPE series:
Saunders et al. [1984] and Orioli and
Castilla [2007], showing different prev-
alences in time; and Ong et al. [2007],
showing prevalence differences by race/

ethnicity.

TABLE I. Twenty-Four Selected Series From a Systematic Literature Review on the Prevalence of Holoprosencephaly
Prevalence
Period of Total (x 10,000 % of
Refs. study Country cases births) Total births CI 95% TOPs
Mitani and Kitamura [1968] ng Japan, hospital based ng 0.97 ng ng ng
Myrianthopoulos and ng US, hospital based ng 0.19 ng ng ng
Chung [1974]
Roach et al. [1975] 1970 Indiana, US 32 0.63 ng ng ng
Matsunaga and Shiota 1962-1974 Japan® 150 41.23 36,380 34.90-48.38 100.0
[1977]
Saunders et al. [1984] 1976—1978 Bristol, Weston HD, UK ng 0.69 ng ng ng
Saunders et al. [1984] 1979—-1982 Bristol, Weston HD, UK 6 1.92 31,225 0.70—4.18 ng
Urioste et al. [1988] 1976—-1986 Spain, hospital based ng 0.56 ng ng ng
Mastroiacovo et al. [1992]  1978—-1989 Italy, hospital based 106 0.77 1,377,793  0.63-0.93 ng
Killén et al. [1992] Different  Australia, Denmark, France, 103 0.10 10,097,383  0.08-0.12 ng
periods Italy, Mexico, South
America, Spain, Sweden
Croen et al. [1996] 1983—-1988 California, US 121 1.17 1,035,386  0.97-1.40  17.4
Rasmussen et al. [1996] 1982—-1986 Atlanta, US 63 0.86 734,272 0.66—1.10 4.8
Whiteford and Tolmie 1975-1994 Scotland, UK 50 0.72 694,950 0.53-0.95 242
[1996]
Olsen et al. [1997] 1984-1989 New York, US 82 0.51 1,614,166  0.40—0.63 ng
Croen et al. [2000] 1993—-1996 California, US 58 0.59 986,197 0.45-0.76  17.2
Forrester and Merz [2000]  1986—1997 Hawaii, US 25 1.09 ng ng 24.0
Bullen et al. [2001] 1985-1998 Northern Region, UK 64 1.20 531,686 0.93-154 59.4
Yamada et al. [2004] 19622001 Japan® 221 50.23 44,000 43.82-57.30 100.0
Chen et al. [2005] 1987-2003 Taipei, Taiwan, hospital based® 59 6.06 97,306 4.62-7.82  22.0°
Ong et al. [2007] 1995-2004 West Midlands, UK—White 78 1.48 526,056 1.17-185  73.9°
Ong et al. [2007] 1995-2004 West Midlands, 33 2.62 125,818 1.81-3.68
UK—non-White
Orioli and Castilla [2007] 1967-2000 South America, hospital based? 342 0.82 4,157,224 0.74-0.91 d
Orioli and Castilla [2007]  2000—2003 South America, hospital based® 179 2.16 827,968 1.86-2.50 d
Leoncini et al. [2008] 2000-2004 ICHBDSR 963 1.31 7,350,000  1.23-1.40 ng
Eurocat [2009]* 2000-2004 Europe 731 1.34 5,449,232 1.25-1.44 753
TOPs, terminations of pregnancy; ng, not given.
"EUROCAT data published in the website, only full members.
bEmbryos.
“HPE with cytogenetic results.
9No variation among 11 South American Countries. TOPs not permitted.
“Prenatal diagnosis before 20 weeks of gestation.
fProportion given for all ethnic groups. Two spontaneous abortions not included.
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BIRTH PREVALENCE
RATES (BPRs)

Not all 21 studies shown in Table I
had independent data. For example, the
South American data partially over-
lapped the studies of Killén et al.
[1992], Orioli and Castilla [2007], and
Leoncini et al. [2008]. Leoncini et al.
[2008] referred to HPE prevalence rates
among 24 surveillance systems, mem-
bers of the ICBDSR, from countries of
North and South America, Europe, and
Australia, and the European data over-
lapped with those of EUROCAT, pub-
lished in the website [Eurocat, 2009].
Although all 21 studies used appro-
priate denominators for prevalence
calculations, the actual data were not
always provided for the 24 HPE series
(Table I). In Figure 1, we omitted six
series for which the 95% confidence
intervals could not be calculated [Mitani
and Kitamura, 1968; Myrianthopoulos
and Chung, 1974; Roach et al., 1975;
Saunders et al., 1984, earlier series;
Urioste et al., 1988; Forrester and Merz,
2000]; one further study, dealing only
with cyclopia [Killén et al., 1992], two
only with aborted fetuses [Matsunaga and

Shiota, 1977; Yamada et al., 2004], and
Croen et al. [2000] were omitted as well.

BIRTH PREVALENCE
VARIATION IN TIME
AND SPACE

The prevalence rate differences observed
in Figure 1 can be largely explained
by the pregnancy outcome status of
the studied cohorts: livebirths, still-
births, or TOP. The first five studies,

The prevalence rate differences
observed in Figure 1 can be
largely explained by the
pregnancy outcome status of the
studied cohorts: livebirths,
stillbirths, or TOPR,

with a birth prevalence rate (BPR) lower
than 1 per 10,000, included live and still
births, except for the Olsen et al. [1997]
series from New York State, which
included only livebirths. Studies with a
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Taipei, Taiwan, Hospital based (12)
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Figure 1.

Prevalence of HPE x 10,000 births

Frequency of holoprosencephaly in different geographical regions.
(1) Olsen et al. [1997], (2) Whiteford and Tolmie [1996], (3) Mastroiacovo et al.
[1992], (4) Series A* and B** in Orioli and Castilla [2007], (5) Rasmussen et al. [1996],
(6) Croen et al. [1996], (7) Bullen et al. [2001], (8) Leoncini et al. [2008], (9) Eurocat
[2009], (10) Ong et al. [2007], and (11) Saunders et al. [1984].
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HPE BPR above 1 per 10,000 included
varying proportions of TOPs, except for
the South American study [Orioli and
Castilla, 2007]. Leoncini et al. [2008]
suggested that variations in the TOP
frequency among the 24 multicountry
registries were important factors explaining
the observed heterogeneity of HPE BPR.

Another possible source of BPR
variations was the study period.
Orioli and Castilla [2007] analyzed
South American data of an 19-year-
period (1982—-2000) and showed that
the BPR doubled after 1996. Rasmussen
et al. [1996] in Atlanta, and Bullen
et al. [2001] in the North of England
also described an increasing secular
trend which probably resulted from
a more extensive use of constantly
improving prenatal ultrasound examina-
tions, with better equipment, training
of ultrasonographers, and accumulated
experience. Furthermore, chronologic
differences in these changes among
countries could contribute to the ob-
served variations in the prevalence rates
of HPE across countries, as well as across
socio-economic strata and other sub-
population categories.

Several multicenter studies did
not find substantial BPR
variations among
different populations.

Several multicenter studies did not
find substantial BPR variations among
different populations [Killén etal., 1992;
Orioli and Castilla, 2007; Leoncini et al.,
2008]. Nevertheless, real differences,
not owing to methodological factors,
can exist, as suggested by the high
BPR of 6.06 per 10,000, found by
Chen et al. [2005], in Taipei, Taiwan.

Nevertheless, real differences,
not owing to methodological
factors, can exist, as suggested
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by the high BPR of 6.06 per
10,000, found by Chen et al. in
Taipei, Taiwan.

Since their study only considered HPE
cases with cytogenetic data, we can
assume that the actual BPR was even
higher than reported.

BIRTH PREVALENCE
VARIATION BY ETHNICITY

Some ethnicity-related differences in
HPE BPR have been described in the
literature. Croen etal. [1996] described a
higher risk for HPE, without chromo-
some anomalies, in children of White
Hispanic compared to White non-
Hispanic mothers in California. Since
HPE cases were ascertained only among
livebirths and late fetal deaths, the
authors suggested that population differ-
ences in the availability of prenatal
screening and subsequent TOP could
partly explain the observed differences in
HPE BPR. Rasmussen et al. [1996]
described higher rates in non-White
than in White infants in Atlanta (Geor-
gia), but since this study did not include
TOPs, the same abovementioned bias
could exist.

Olsen et al. [1997] did not observe
BPR difterences among Whites, His-
panics, and blacks in the State of New
York but they also found that Blacks
were less likely to have chromosome
studies done. Forrester and Merz [2000]
described higher HPE BPR in infants of
Far-East Asian (Chinese, Japanese, and
Korean), and Filipino mothers than in
those of Pacific Islanders or Whites, but
the samples were small (20 cases). With
data from the West Midlands Congenital
Anomaly Register (WMCAR) in the
UK, Ong et al. [2007] described, albeit
with small numbers, a higher risk in
infants of black African (n=23) than
non-black African (n=110) mothers;
they also observed a higher risk in
Pakistani (n = 19) than in non-Pakistani
(n = 94) mothers.

Although ethnicity-related varia-
tions in HPE BPR could exist, the
actual data are not convincing. Higher

rates were generally observed among less
favored minorities (blacks, Hispanics,
Pakistanis), suggesting a Dbias due
to lower prenatal detection rates of
HPE, and consequently less elective
terminations.

TIME VARIATION

Matsunaga and Shiota [1977] suggested
that more HPE cases were conceived
in winter than in summer months,
although the difference was not signifi-
cant and could not be confirmed by
others [Mastroiacovo et al., 1992]. An
increasing secular trend was suggested by
Saunders et al. [1984], by Rasmussen
et al. [1996], and by Orioli and Castilla
[2007], while Mastroiacovo et al. [1992]
and Ong et al. [2007] did not find a
significant secular trend. However, the
first three studies partly covered an
earlier period, when less prenatal infor-
mation about the brain was available, and
this could explain the increasing secular
trends. The variations among countries
would depend on the stage of techno-
logical development.

Cohen [1989a]
reported and unexplained HPE clusters.
More recently, an impressive cluster of

reviewed some

HPE and sirenomelia, with no identified
cause, was described in the city of Cali,
Colombia [Saldarriaga et al., 2007,
Castilla et al., 2008]. While the sireno-
melia cluster was statistically proven, for
the concurrent cluster of HPE a random
variation in the occurrence of a very rare
event could not be excluded. The rarer
congenital defects when analyzed in a
fixed period of time present a Poisson
distribution, and the apparent cluster
in time can represent a common occur-
rence in the distribution of rare events.

PHENOTYPIC DEFINITION
AND VARIATIONS

Cerebral and Facial Defects

The working definitions of HPE, incor-
porating inclusion and exclusion crite-
ria, used in 18 studies are summarized in
Table II. In most epidemiologic studies,
the case selection was based on charac-
teristic HPE craniofacial features and a

not well-defined proportion of brain
scans or autopsies. The main exclusion
criterion was the absence of HPE by
autopsy or radiologic imaging. We did
not find any work indicating the rate of
cases with a characteristic HPE face but
without evidence of a holoprosence-
phalic brain. In consequence, none of
the classic facial types of HPE, that is,
cyclopia, ethmocephaly, cebocephaly,
and premaxillary agenesis, used for the
case selection, could be independently
computed for the reviewed articles.
Table IIT shows the rate diftferences
of facial and brain types among difterent
studies. The most frequent facial types
were premaxillary agenesis in some
studies, and the “no facial cleft” category
in others, while cyclopia and ceboce-
phaly were third. All studies agreed on
ethmocephaly as the rarest form. For the
brain types, the studies showed greater
similarities, with alobar HPE as the most
frequent type, ranging between 40% and
75%. Semilobar was more frequent than

For the brain types, the studies
showed greater similarities,
with alobar HPE as the most

frequent type, ranging
between 40% and 75%.

lobar HPE. That all 59 HPE cases in the
Chen et al. [2005] series were of the
alobar type is an unusual finding. How-
ever, since they excluded cases without
cytogenetic results, some selection bias
could have been introduced.

The face—brain correlation prin-
ciple of DeMyer etal. [1964], stating that
“The face predicts the brain,” weakened,
as more HPE cases were described
[Cohen, 1989b] and in 10—39% of the
cases (Table II), there was no such clear
correlation between face and brain
anomaly sub-types.

ASSOCIATED UNRELATED
DEFECTS

Several studies reported the frequency
of associated external anomalies in
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TABLE III. Percentage of Cerebral and Facial Defect Types in 11 Published Case Series of Holoprosencephaly

Ong et al.

Orioli and
Castilla [2007]

Chen et al.

Yamada
et al. [2004]

Bullen et al.

Whiteford and Olsen et al. Croen et al.

Roach et al. Mastroiacovo Croen et al.

[2007]

[2005]

[2001]

[2000]

[1997]

Tolmie [1996]

[1996]

et al. [1992]

[1975]

Defect

Cerebral

66 40 75 100 100 40 56
33

64

62
26

62

26

78

Alobar

43

20

22
12

100

(67)

Semilobar
Lobar
Total

12
100
(66)

17
100
(83)

14
100
(58)

12
100

©on

22
100
(32)

100
(56)

100

(11)

100
(60)

100
(33)

100
(43)
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Facial
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29

45
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Cyclopia

Ethmocephaly

1
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27

18
27

31

18
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15
43

Cebocephaly

44

10
33

21

24
33

56
19
19
100
(32)

Premaxillary agenesis
No facial cleft

Other
Total

39

10
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13
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14
100
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15
100
33)

15
100
(71)

00

100 1

(59)

100

)

46

100
(106)

(174)

(82)

(Total number)

HPE
between craniofacial and non-craniofa-

cases, without discriminating
cial defects. Matsunaga and Shiota
[1977] found other unrelated external
congenital anomalies in 46% of HPE
cases. However, they included cleft lip
(6.2%) and branchial arch anomalies
(8.8%) which were considered by other
authors as part of the spectrum of HPE
defects [Mastroiacovo et al., 1992;
Orioli and Castilla, 2007]. Further
associated defects, reported by Matsu-
naga and Shiota [1977], were polydac-
tyly (16.8%), CNS unrelated defects
(14.2%), and limb anomalies (5.3%).
Killén et al. [1992] found unrelated
associated anomalies in 49% of infants
with cyclopia; postaxial polydactyly
occurred in 14.6% of the cases, and their
maternal age above 35 years was more
frequent than in infants with cyclopia
without polydactyly. Like Matsunaga
and Shiota [1977], Killén et al. [1992]
considered this association as indirect
evidence of undetected trisomy 13 cases.

Mastroiacovo et al. [1992] analyzed
31 HPE cases, with at least one unrelated
anomaly. They described a significant
association only with severe ear defects,
while the observed proportions for
polydactyly (12.9%) and limb reduction
defects (9.7%) did not differ from
random expectations. Rasmussen et al.
[1996] found a 55% of non-syndromic
HPE cases (n=22) with at least one
unrelated major congenital anomaly. In
64%, a concomitant skeletal or limb
anomaly was observed, 50% had cardiac
defects, 45% anomalies of the genital or
reproductive system, 32% anomalies of
gastrointestinal tract, 27% anomalies of
the renal and urinary tract, and 41%
polydactyly. Unlike Mastroiacovo et al.
[1992], Rasmussen et al. [1996] did not
test the statistical significance of these
proportions.

Whiteford and Tolmie [1996]
found 36% of HPE cases without
chromosome anomalies had associated
anomalies. Olsen et al. [1997] found a
51% of non-syndromic HPE with multi-
ple congenital defects. Bullen et al.
[2001] observed non-facial congenital
anomalies in 70% of 33 euploid HPE
cases; most of them were skeletal
anomalies (60.6%). Chen et al. [2005]
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found major structural anomalies, other
than craniofacial defects, in 16% of HPE
cases with normal karyotypes (n =25):
diaphragmatic  hernia, omphalocele,
sirenomelia with lumbar spina bifida,
and hydrops fetalis, with 4% of each.
Ong et al. [2007] described lLimb/
skeletal defects in 28% of HPE cases;
cardiovascular and urogenital anomalies
occurred in 21% and 22%, respectively,
but 85% of their HPE cases were not
isolated.

Orioli and Castilla [2007] deter-
mined whether craniofacial and non-
craniofacial defects in HPE cases were in
excess when compared to the expected
numbers. They confirmed the observa-
tion of Mastroiacovo et al. [1992] that
among craniofacial defects, severe ear
anomalies with atresia of the auditory
canal, as well as microstomia, were part
of the spectrum of HPE. Of the non-
craniofacial defects, 24% of the HPE
cases had genital anomalies, 8% postaxial
polydactyly, 5% vertebral defects, 4%
limb reduction defects, and 4% had
transposition of great arteries; all these
defects were significantly associated with
HPE, while no significant association
was found between HPE and anence-
phaly, spina bifida, or encephalocele.
The significant association between
HPE and the five groups of non-
craniofacial defects was also observed
by the other abovementioned studies
[Matsunaga and Shiota, 1977; Killén
etal., 1992; Rasmussen etal., 1996; Ong
et al., 2007], although not all of the
associations mentioned in those studies
could be confirmed by Orioli and
Castilla [2007].

Significant associations between
HPE and other defects could suggest
unrecognized syndromes among the
HPE multiply malformed infants. Asso-
ciated defects were described even in
euploid HPE cases, which could mean
that some syndromic HPEs without
chromosome anomalies, or with cryptic
anomalies [Bendavid et al., 2006a,b], are
frequent enough to rise the rates of these
defects among HPE cases. See Kauvar
et al. [2010], Keaton et al. [2010], and
Raam et al. [2010] for reviews of HPE
associated with agnathia, ectrodactyly,
and craniosynostosis, respectively.

Gender

Table II shows the published sex
ratios of HPE cases according to the
pregnancy outcome status and to the
selection criteria. In South American
countries, HPE was more common
among females in the three categories
used in the article: isolated, associated,
and chromosomal [Orioli and Castilla,
2007]. However, only in the total

In South American countries,
HPE was more common
among females in the three
categories used in the article:
isolated, associated, and
chromosomal.

group of 337 cases did the sex ratio differ
significantly from the expected value.
The numbers of isolated (182), associ-
ated (99), and chromosomal cases (56)
were large enough to suggest that in that
study, as well as in those of Mastroiacovo
et al. [1992], and of Rasmussen et al.
[1996] females were less predominant
than in other studies. Other series
[Roach et al., 1975; Killén et al., 1992;
Croen et al., 1996, 2000; Forrester and
Merz, 2000; Chen et al., 2005] showed a
stronger female predominance. Some
authors observed a female excess only in
cytogenetically abnormal HPE cases,
while in euploid cases the sex ratio was
less deviated [Croen et al., 1996; Chen
et al., 2005; Orioli and Castilla, 2007].
Olsen et al. [1997] found a low sex ratio
in both chromosomally normal and
abnormal HPE cases. Rasmussen et al.
[1996] suggested as a possible explan-
ation for the female predominance that
males are more likely to be lost through
spontaneous abortion. This idea was
founded on studies of HPE in embryos
[Matsunaga and Shiota, 1977], who
showed a much higher rate of HPE than
in newborns, and also on studies of
fetuses with HPE, where an equal sex
ratio or even a male excess could be

observed [Blaas et al., 2002]. The differ-

ent proportions of embryos, fetuses,
stillborns, liveborns, and older infants
in the study populations could explain
the observed differences among studies.

ASSOCIATED VARIABLES
(RISK FACTORS)

Epidemiologic variables or risk factors
associated with HPE are specifically
discussed in other articles of this special
issue [Miller et al., 2010; Johnson and
Rasmussen, 2010]; therefore, only a
brief comment will be made here. In
the first epidemiological analysis with a
representative number of cases, Matsu-
naga and Shiota [1977] concluded that
the only positive clue to the etiology of
HPE was the higher rate of previous
miscarriages among mothers of HPE
cases. This association could not be
confirmed by Croen et al. [2000], nor
by Orioli and Castilla [2007]. Instead,
the latter authors showed that intra-
uterine growth restriction, primigra-
vidity, and non-cephalic presentation
occurred more often in HPE cases than
in matched controls.

Several risk factors mentioned in
the literature were in fact part of the
HPE phenotypic description, such as
low birth weight, prematurity, twin-
ning, non-cephalic presentation, gesta-
tional bleeding, perinatal mortality, and
associated birth defects. The lack of
consensus about their association with
HPE probably results from the varying
proportions of etiologically different
HPEs in
Furthermore, variables, not
directly related with the phenotype,

each study population.

some

such as previous miscarriages, maternal
drug consumption, maternal age,
gender, race/ethnicity, and heritability,
would probably also depend on the
proportions of each etiologic HPE type,
mainly that of cases with chromosome
anomalies. Even the variation of the
HPE BPR by ethnicity is influenced by
the access of racial minorities to the
health programs, and then to the possi-
bility of TOP. Since it is not a easy task to
collect all information about TOPs in
the countries where they are permitted,
racial/ethnic differences in HPE preva-
lences could occur.
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CONCLUSIONS

When dealing with a congenital defect,
characterized by phenotypic as well as
causal heterogeneity, definitive conclu-
sions based on different studies cannot be
easily drawn.

Etiologically, HPE may be due
to obvious chromosome and cryptic
chromosome abnormalities, monogenic
or oligogenic syndromes, as well as
environmental factors, and differences
in epidemiologic results basically reflect
different proportions of each cause.

By refining the HPE causal defi-
nition we can expect more epidemio-
logical clues and perhaps the inclusion of
multifactorial mechanisms as an impor-
tant cause of HPE.
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