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We compared the clinical manifestations between patients with
KRAS, BRAF, or MAP2K1/2 mutations (See Supplemental eTable IT
in supporting information online). The frequencies of curly hair
and hyperkeratosis in patients with BRAF mutations were signifi-
cantly higher than in patients with a KRAS mutation. The frequency
of hypertrophic cardiomyopathy in patients with KRAS mutations
was significantly higher than that in patients with MAP2KI1/2
mutations.

DISCUSSION

This is the first nationwide epidemiological study of patients with
Costello and CFC syndrome. Before our identification of the genes
responsible for Costello and CFC syndromes in 2005 and 2006, only

a few Japanese patients with these syndromes had been reported.
The availability of molecular analysis facilitated diagnosis of both
syndromes, and the number of reports of such patients has steadily
increased. In this study, we estimated the prevalence of Costello
syndrome and CFC syndrome as 1 in 1,290,000 and 1 in 810,000
in the general population, respectively. The second-stage survey
clarified the clinical manifestations of both disorders, including the
daily activities of 15 adult patients.

The natural history of Costello and CFC syndromes in adulthood
has not been fully clarified. A previous report describing 17 adult
patients with Costello syndrome ranging in age from 16 to 40 years
showed that all eight individuals who had a bone density measure-
ment taken had abnormal results, suggesting osteoporosis or
osteopenia; three of the patients had bone pain, vertebral fractures,
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and height loss [White et al., 2005]. A recent study showed the
detailed quality of life issues in individuals with Costello syndrome
[Hopkins et al., 2010]. Our survey identified the daily activities of
six adults with Costello syndrome and nine with CFC syndrome.
Although intellectual disability was severe in most patients,
11 adults lived in their houses and did not need constant medical
care. Ten of the 15 patients walked independently, and seven could
communicate with other people. Thirteen adult patients, not
including the two bedridden patients with CFC syndrome, could
feed themselves with some assistance. Especially all six patients
with Costello syndrome could feed themselves. One had recurrent
bladder papillomata and another patient had multiple gallbladder
polyps and a renal angioma. None of the examined patients had
developed malignant tumors. This survey was unable to identify
patients older than 32 years. The tentative prevalence at ages
younger than 32 years was estimated to be 1 in 431,000 for Costello
syndrome and 1 in 270,000 for CFC syndrome. A follow-up
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program is important in order to delineate the natural history of
older patients.

Our study method has previously been used to estimate the
prevalence of intractable diseases, including moyamoya disease,
myasthenia gravis, and idiopathic cardiomyopathy [Miura et al.,
2002; Kawamura et al., 2006; Kuriyama et al., 2008; Murai et al.,
2011] (See Supplemental eTable III in supporting information
online). One of the advantages of this survey is that researchers
are able to conduct the postal survey without governmental
involvement. Another merit of this method is its usefulness for
estimating the prevalence of very rare diseases, because we can
effectively collect information all over the country, including small
hospitals. The response rate from the departments is key to min-
imizing the standard errors of the estimation. The response rate for
our first-stage survey was 76%, which was the highest among the
previous eight prevalence studies using this protocol (See Supple-
mental eTable III in Supporting Information online). However,
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there are limitations to our survey method. Most survey slips were
sent to pediatric departments in general hospitals, which might
have precluded identification of adult patients. Another limitation
is the possible diagnostic bias of these disorders. In this study, there
were major peaks at 5 years of age in both diseases, suggesting that
the diagnosis of both disorders is usually made in a certain age
range, and patients are less likely to receive the correct diagnosis ata
later age. In addition, individuals with Costello syndrome who are
mildly or only borderline affected may not be diagnosed by
pediatricians at the sampled hospitals [Axelrad et al., 2007]. These
effects could lead to a substantial underestimation of the
prevalence.

Costello and CFC syndrome fall into the category of rare diseases.
To compare the epidemiological features of Costello and CFC
syndromes to other genetic disorders, we summarized the results
of epidemiologic studies of other genetic disorders (See Supple-
mental eTable IVin supporting information online). The preva-
lence and incidence of Sotos syndrome has been reported to be 1 in
20,000 and 1 in 5,000 newborns, respectively [Kurotaki et al., 2003].
A recent nationwide epidemiological study showed that the prev-
alence of Alexander disease to be 1 in 2,700,000 [Yoshida et al.,
2011]. An earlier report estimated the prevalence of Kabuki syn-
drome at 1 in 32,000 [Niikawa et al, 1988]. Using the similar
method with Kabuki syndrome [Niikawa et al., 1988], the incidence
of Costello syndrome was estimated to be 1 in 60,000—100,000
(Kurosawa, personal communication). Given that the annual
number of live births in Japan is approximately 1,000,000, 10 to
16 patients with Costello syndrome could be born annually. This
estimated incidence was higher than the estimated prevalence in
patients younger than 32 years of age in our study.

Two mutations in the RAS/MAPK pathway have been identified
in a single patient with Noonan syndrome and related disorders
[Brasil etal.,2010; Ekvall et al., 2011]. In our study, variations in two
molecules that participate in the RAS/MAPK signaling pathway
were identified in two patients. One patient had a SOSI p.D309Y
mutation, which has previously been identified in Noonan syn-
drome patients [Narumi et al., 2008], and a K-RAS4A p.Y166H
mutation (a novel variation, inherited from the father). Another
patient with CFC syndrome had a BRAFp.G464R mutation (known
mutation) and a K-RAS4B p.T183_ K184del mutation (novel
variant). Further study is required to clarify the variations in the
RAS pathway that could modify the effect of the disease-causing
mutations and the patient phenotypes.

Approximately 13% of patients with Costello syndrome have
developed malignant tumors, including rhabdomyosarcomas, gan-
glioneuroblastomas, and bladder carcinomas [Aoki et al., 2008].
The frequency of malignant tumors in Costello syndrome in the
current study was 9% (4 of 43 patients), lower than that reported
recently [Lin et al,, 2011]. An association between malignant
tumors and CFC syndrome was considered rare. However, we
identified three patients with CFC syndrome who developed hem-
atologic malignancies [Niihori et al., 2006; Makita et al., 2007;
Ohtake et al., 2011], suggesting the importance of molecular
diagnoses and careful observation in patients with Costello and
CFC syndrome. A tumor screening protocol for patients with
Costello syndrome has been proposed [Gripp et al., 2002] and
may be useful for patients with CFC syndrome as well. Long-term

follow-up is required to determine the incidence and type of tumors
in patients with both disorders.

In conclusion, we conducted a nationwide epidemiological
survey of patients with Costello and CFC syndrome and estimated
the total number of patients with each disease from the results of the
postal survey as well as those of molecular analysis. The prevalences
of Costello syndrome and CFC syndrome were estimated as 1 in
1,290,000 and 1 in 810,000, respectively. Evaluation of 15 adult
patients showed that they had severe intellectual disability but that
most of them live at home without constant medical care, suggest-
ing that the number of adult patients may be underestimated.
Further epidemiological studies to identify adult patients and
follow-up of the patients reported in this study will help us to
better understand the natural history of both disorders.
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METHODS

The present report is a part of the Babies and their
Parents’ Longitudinal Observation in Suzuki Memorial
Hospital on Intrauterine Period (BOSHI) study (13).
The study was conducted at Suzuki Memorial
Hospital, which is the only hospital specializing in
obstetrics, gynecology, and in vitro fertilization in the
Sendai City area of Miyagi Prefecture, Japan. Sendai is
the central city of northeastern Japan. There were
1098 births in Suzuki Memorial Hospital in 2006. All
study protocols were approved by the Institutional
Review Board of Tohoku University School of
Medicine and by the Hospital Review Board of
Suzuki Memorial Hospital.

In Japan, the interval for medical checkups during
pregnancy is once every 4 weeks until week 23, once
every 2 weeks until week 35, and once a week after 36
weeks.

Only healthy pregnant women before gestational week
20 with no history of hypertension and who could mea-
sure their home BP during pregnancy were included after
obtaining their written informed consent. Gestational
age was calculated by last menstrual period with correc-
tion for crown-lump length before 12 weeks of gestation.
After delivery, the obstetrician and physician verified that
the pregnancy had been normal without hypertension or
proteinuria.

Subjects

A total of 3362 women were diagnosed as being preg-
nant between October 1, 2006 and September 30, 2009
and reserved delivery in the hospital. All of these women
were invited to participate by a poster and a letter from
the investigating staff; 1032 women received an expla-
nation of the research from a physician, pharmacist, or
midwife.

Daily Serial Hemodynamic Data Using Home BP
Measurements

Home BP was measured using an HEM-747IC or HEM-
7080IC semiautomatic device (Omron Healthcare,
Kyoto, Japan) based on the cuff-oscillometric method,
which generates a digital display of not only both SBP
and diastolic BP (14) but also HR. Double product was
calculated from SBP multiplied by HR, and SI was cal-
culated from HR divided by SBP.

Physicians, pharmacists, and midwives instructed sub-
jects on how to perform home BP measurements. On the
basis of the Japanese Society of Hypertension guidelines
for self-monitoring of BP at home (15), the subjects were
asked to measure their home BP every morning within
1 hour of waking, after micturition, before breakfast,
while seated, and after resting for more than 1 minute
and to keep recording their home BP until 1 month after
delivery.

© 2012 Informa Healthcare USA, Inc.

384

Hemodynamic Data During Pregnancy 291

Meteorological Data

Meteorological data measured at Sendai Meteorological
Observatory for the period during which home BP mea-
surements were included: daily minimum, maximum,
and mean outside temperatures; daily mean atmospheric
pressure; relative humidity; and duration of sunshine.
Normalized data were also obtained from Sendai
Meteorological Observatory as averaged meteorological
data from 1970 to 2000.

Statistical Analysis

Daily serial hemodynamic data (SBP, HR, DP, and SI)
were examined using a mixed linear model with gesta-
tional age as the fixed effect and subjects as the random
effect. When we adjusted for seasonal effect, meteorolo-
gical data were also regarded as fixed effect. We further
examined yearly variation of daily serial hemodynamic
data; we examined weekly serial hemodynamic data in a
year without adjustment for meteorological data. The
measurement week of the year was regarded as a fixed
effect in a mixed model.

We analyzed data using the SAS package (version 9.2,
SAS Institute Inc., Cary, NC, USA). Values are
expressed as mean + SD and least square means were
calculated by the mixed linear model and expressed as
mean with their 95% confidence intervals (CI; Figures 1
and 2).

A sample size of 387 women was required to estimate
the distribution of mean home BP values within a +0.8
mm Hg range at a 95% CI, assuming that the SD of home
BP values in pregnant women is 8 mm Hg based on the
previous report (13).

RESULTS

Subjecis

A total of 518 women finally entered the study. Nine
women were excluded due to fetal death in the first
trimester. Another four women were transferred to
other hospitals because of threatened premature delivery
(two women), premature rupture of the membranes (one
woman), and diabetes (one woman). One woman was
excluded because she transferred to the nearest midwif-
ery clinic. During the follow-up period, 51 women devel-
oped gestational hypertension or preeclampsia and were
excluded. Among the remaining 452 healthy pregnant
women, home BP monitoring was not available for 27
women during pregnancy. Data of the remaining 425
healthy pregnant women were analyzed.

The mean age of the 425 healthy pregnant women ana-
lyzed in this study was 31.3 £ 4.6 years at entry. Their
mean height, weight, and BMI were 158.4 + 5.3 cm,
54.2 + 9.0 kg, and 21.6 + 3.4 kg/m®, respectively. The
frequency of ever smokers was 16.8% and that of ever
drinkers was 50.7%. Among them, 71% of ever smokers
and 95% of ever drinkers stopped during pregnancy. The
mean birth weight of their children was 3054 + 394 g.
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Figure 1. (A) Systolic blood pressure (SBP), (B) heart rate (HR),
(C) double product (DP), and (D) shock index (SI) values and
their 95% confidence intervals for each week of gestational age,
calculated on the basis of a mixed linear model.

Daily Serial Hemodynamic Data and Gestational Age
The association between SBP, HR, DP, SI, and gesta-
tional age using a mixed linear model without adjusting
for meteorological data is shown in Figure 1. Heart rate
and Slincreased gradually, reaching peak values at gesta-
tional week 33, while DP increased linearly from the first
trimester to the third trimester.

After adjusting for meteorological data, the associa-
tions between these daily hemodynamic data and gesta-
tional age showed the same tendency (data not shown).

Daily Serial Hemodynamic Data and Seasonal Variation
The yearly variation in SBP, HR, DP, and SI calculated
using a mixed linear mode] adjusting for gestational age
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Figure 2. (A) Systolic blood pressure (SBP), (B) heart rate (HR),
(C) double product (DP), and (D) shock index (SI) values and
their 95% confidence intervals for each week for a year, calculated
on the basis of a mixed linear model without adjusting for seasonal
variation.

is shown in Figure 2. Systolic blood pressure decreased
gradually from January to August and gradually
increased from August to December. Heart rate
decreased gradually from January to June, after which it
increased and reached its peak value in August. Double
product was the highest in January and decreased to its
lowest value in June. From June to December, DP
increased gradually. Although SI was stable from
January to June and from October to December, it
increased from June to August, reached its peak in
August, and then decreased to October.
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