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Improvement in non-tachycardia-induced cardiac failure
after radiofrequency catheter ablation in a child with a right-sided
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Abstract A 6-year-old boy was referred for an evaluation
of intolerance to physical activity at his elementary school.
The patient had no episodes of palpitations. He was diag-
nosed as Wolff-Parkinson-White syndrome with a right-
sided accessory pathway (AP) and dilated cardiomyopathy
(DCM). Ventricular dyskinesis was detected mostly in
the ventricular septum. Because the asynchronous septal
motion caused by pre-excitation through a right-sided AP
might deteriorate his cardiac function, he underwent an AP
ablation, after which the asynchronous ventricular wall
motion disappeared and the wall thickness improved. We
suggest that an AP ablation may be the treatment of first
priority in patients who have DCM-like dyskinesis even
without sustained tachyarrhythmias.

Keywords Child - Wolff-Parkinson-White syndrome -
Dilated cardiomyopathy - Accessory pathway - Dyskinesis

Introduction

Atrioventricular re-entrant tachycardia (AVRT) using an
accessory pathway (AP) is the most common supraven-
tricular tachycardia (SVT) in children. However, in pati-
ents with a manifest AP (Wolff-Parkinson-White (WPW)
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syndrome), the ventricles are electrically and mechanically
pre-excited through an AP, which directly connects the atria
and ventricles. This may cause eccentric ventricular acti-
vation via the AP and normal conduction system, resulting
in an asynchronous ventricular depolarization, and cardiac
dysfunction in some patients. The cardiac function in
patients with a manifest AP markedly depends on the
degree and site of the pre-excitation [1-3]. Recently, some
patients, either children or adults, with overt ventricular pre-
excitation have been reported to develop left ventricular
(LV) dysfunction and dilated cardiomyopathy (DCM)
[4-6]. In this report, we present the case of a male patient
with cardiac failure caused by a right-sided AP with no
documented episodes of SVT, who completely recovered
from his cardiac failure after radiofrequency catheter
ablation (RFCA).

Case report

A 6-year-old boy was referred for an evaluation of intol-
erance to physical activity at his elementary school. He had
had no prior episodes of palpitations, presyncope, or syn-
cope. He had no family history of sudden cardiac death,
arrhythmias, or cardiomyopathy. His electrocardiogram
revealed a right-sided AP (Fig. 1a). Although he had no
SVT or heart failure symptoms, we performed a careful
follow-up. The left ventricular ejection fraction (ILVEF) on
echocardiography was within the normal range during the
first medical examination, but gradually deteriorated over 5
years. Mild mitral valve regurgitation, thinning of the basal
segments of the interventricular septum, a ventricular
aneurysm with dyskinetic motion during systole, a reduced
LVEF of 45 % with Simpson rule, and left ventricular
dilation (Fig. 2a) were detected by an echocardiogram
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Fig. 1 Electrocardiograms
before and after ablation of the
accessory pathway.

a Electrocardiogram before the
ablation. From the vector of the
delta wave in this
electrocardiogram, a right
anterior accessory pathway was
suggested. b Electrocardiogram
after the ablation Although the
T wave was negative in leads II,
III, aVF, and V1-V6, and mild
ST-segment depression was
noted in II, III, aVF, V5, and
V6, the delta wave disappeared
after ablating the accessory
pathway

Fig. 2 Ventricular activation
map before the radiofrequency
catheter ablation (RFCA).
Before the RFCA, the earliest
ventricular activation was
observed in the right lateral
wall. The sites of the RFCA are
represented by the red points.
AP anterior posterior view,
LAO left anterior oblique view
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(Vivid 7 ultrasound system; GE Medical Systems, Mil-
waukee, WI, USA; or Acuson Sequoia 512 ultrasound
system; Siemens Medical Solutions, Mountain View, CA,
USA). There were no abnormal findings for the blood cell
count and biochemical data, and the brain natriuretic pep-
tide (BNP) level (9 pg/ml) was also within normal limits.
Consequently he was diagnosed as having DCM. The
dyskinesis was mostly detected in the ventricular septum.
There were no abnormal findings in the coronary arteries
by selective angiography; however, the LVEF was revealed
to have decreased to 0.50 by left ventricular angiography.
In addition, 201-thallium myocardial scintigraphy revealed
no abnormal findings to suggest ischemic cardiomyopathy.
Magnetic resonance imaging also revealed thinning of the

L O AV
E SAX

Frame =

Fig. 3 Echocardiograms before and after ablation of the accessory
pathway. a Echocardiogram before the ablation: LVDd = 61.8 mm,
LVDs = 46.7 mm, IVSd = 7.0 mm, IVSs = 8.2 mm, LVPWd = 8.2
mm, LVPWs 9.9 mm, LVEF = 045, LVFS 0.24. The
echocardiogram shows mitral valve regurgitation, thinning of the
basal segments of the interventricular septum, a ventricular aneurysm
with dyskinetic motion in systole, dilation of the left ventricular
cavity, and an LVEF that decreased to 0.45. b Echocardiogram after
the ablation: LVDd = 51.2 mm, LVDs = 31.3 mm, IVSd = 11.4 mm,
1VSs = 14.2 mm, LVPWd = 10.4 mm, LVPWs = 20.9 mm, LVEF =
0.69, LVFS = 0.39. In the echocardiogram 6 months after the RFCA,

[4cH]

interventricular septum, and the average EF decreased to
0.45. Based on these results, we considered that the left
ventricular dyssynchrony was caused by pre-excitation due
to the right-sided AP that may consequently have resulted
in DCM-like dysfunction.

The patient underwent an electrophysiological study
(EPS) when he was 11 years old after obtaining informed
consent, using an electroanatomical mapping system
(CARTO XP; Biosense Webster, Diamond Bar, CA, USA).
No tachycardia could be induced by programmed atrial or
ventricular pacing. Retrograde atrial conduction was con-
firmed via the atrioventricular node by the earliest atrial
activation being noted in the His bundle recording area,
and prolongation of the ventricular-atrial conduction

e

H

Fra

the left ventricular wall motion markedly improved and the LVEF
was 0.69. The thinning of the basal segments of the interventricular
septum and ventricular aneurysm with dyskinetic motion also
disappeared. LVDd left ventricular end-diastolic dimension, LVDs
left ventricular end-systolic dimension, IVSd intraventricular end-
diastolic septal thickness, [VSs intraventricular end-systolic septal
thickness, LVPWd left ventricular end-diastolic posterior wall
dimension, LVPWs left ventricular end-systolic posterior wall
dimension, LVEF left ventricular ejection fraction, LVFS left
ventricular fractional shortening
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interval by incremental ventricular pacing and the use of 10
mg adenosine triphosphate. Consequently, we decided to
map the earliest ventricular activation site during sinus
rhythm. The earliest ventricular activation was observed in
the right lateral wall, and we successfully ablated the AP
(Fig. 1b). We recreated the activation map after the abla-
tion. No premature excitation according to the site of the
AP was found, and the atrioventricular node was the only
conduction route involved in the atrioventricular conduc-
tion (Fig. 2).

Fig. 4 Localized wall motion
analyzed with speckle-tracking
imaging. Analyzed by the radial
strain, the time delay on the
basal septal wall improved from
232 to 90 ms, and the A time
delay was 142 ms. The A time
delay of the midseptal and
apical-septal radial strain
became 31 and 47 mis,

respectively
Basal
Middle
Apical
@ Springer

During the follow-up echocardiography 6 months after
the RFCA, it was observed that the LVEF was 0.69
using the Simpson method, the thinning of the basal seg-
ments of the interventricular septum returned to within
normal limits, and the ventricular aneurysm with dyskinetic
motion disappeared (Fig. 3b). For further evaluation, we
analyzed the left ventricular wall motion using an Acuson
Sequoia 512 ultrasound system with Velocity Vector
Imaging analysis software (TomTec imaging systems, Un-
terschleissheim, Germany) before the RFCA, and a Vivid 7
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ultrasound system with EchoPAC analysis software (GE
Medical Systems) after the RFCA. Intraventricular dys-
synchrony was quantified as the time delay between the
peak septal systolic motion and left posterior wall systolic
motion (septal-to-posterior wall motion delay). The zero
reference point was adjusted to the onset of the electrical
systole (delta wave or QRS complex). Analyzed by the
radial strain, the time delay at the basal septal wall
improved from 232 to 90 ms, and the A time delay was 142
ms. The A time delay during the midseptal and apical-septal
radial strain shortened by 31 and 47 ms, respectively (Fig.
4). Furthermore, the thinning of the interventricular septum
and the mitral valve regurgitation had disappeared. The
ventricular aneurysm with dyskinetic motion decreased,
resulting in the recovery of the LVEF to 69 %.

Discussion

Paradoxical movement of the interventricular septum due
to premature contractions of the right ventricle through the
AP is occasionally observed by echocardiography in
patients with WPW syndrome. The first report of cardiac
resynchronization using RFCA of a right-sided AP in a
child with palpitation attacks was reported by Shan et al.
[4]. This patient was diagnosed with DCM and a severely
reduced cardiac function. A possible pathophysiological
linkage between APs and ventricular dysfunction has been
proposed in patients with WPW syndrome, without any
evidence of tachyarrhythmias [4, 6-9]. There have been
several reports concerning the efficacy of RFCA in
patients with preexcitation-induced cardiomyopathy or
dyskinesis [4, 6, 7, 10, 11]. In these reports, 26 patients
had a decreased ejection fraction, and all the locations of
the APs in those patients who had a decreased ejection
fraction existed in the right septal portion. In the present
report, the location of the AP was on the right anterolateral
portion, and to the best of our knowledge this is a rare
report of a follow-up study by echo for this location of an
AP. In previous reports, the heart function evaluated by
tissue Doppler imaging showed an improvement in the
ventricular dyssynchrony after RFCA. In this report, we
confirmed the improvement of the regional movement
after RFCA by speckle-tracking echocardiography. In
most patients with WPW syndrome, the asynchronous
ventricular motion would not cause any symptoms because
the global cardiac function usually remains normal [12].
We speculated that an early septal activation may induce
paradoxical or hypokinetic interventricular septal motion
even if the AP is located in the right lateral portion. In-a
recent report, left ventricular dyssynchrony was also
caused by a left-sided AP [13]. Right ventricular pacing
has already been reported to be one of the risk factors for

heart failure [14]. Although the electromechanical asyn-
chrony is greater in septal APs, the location, which more
likely participates in the dyssynchrony of the left ventricle
and impairment of the cardiac function, is still contro-
versial [15].

In conclusion, sudden death in asymptomatic WPW
syndrome is rare; therefore, generally the indication of
RFCA for APs has mostly been for patients with episodes
of AVRT. However, RFCA should be the first priority for
the treatment of patients who have DCM-like dyskinesis
even without AVRT.
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relevant to cardiopulmonary resuscitation (CPR)/automated exter-
Sudden cardiac death in elementary and middle school children is a nal defibrillator (AED) programmes in the public environment sur-
rare but tragic event, which has tremendous impact on the family, rounding these children."* Recently, implementation of public
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What'’s new?

o This is the first population-based study, which specifically
addressed the impact of public access defibrillation on the
outcome of out-of-hospital cardiac arrests (OHCAs) in
elementary and middle school children.

e Among 230 eligible patients, 128 (56%) had ventricular fib-
rillation (VF) as an initial rhythm. Among these 128 patients,
29 (23%) children received a first shock by a bystander.
Among these 29 patients, the proportion of the favourable
neurological outcome after OHCA was 55%.

e During the study period 2005-09, the proportion of
patients initially shocked by a bystander among eligible
patients increased from 2 to 21%. The proportion of
patients with a favourable neurological outcome after
OHCA increased from 12 to 36% overall.

e A non-family member’s witness was independently asso-
ciated with VF as the initial rhythm. The collapse to defibril-
lation time was independently associated with a favourable
neurological outcome, the survival at 1 month, and the pre-
hospital return of spontaneous circulation after OHCA.

access defibrillation (PAD) improved outcomes among adults after
out-of-hospital cardiac arrest (OHCA) in public locations, by redu-
cing the time interval from the patient’s collapse to defibrillation.>~
® However, the impact of PAD on the outcome after OHCA in
such school-age children was unclear. This question is challenging
two-fold. First, paediatric patients of different ages have diverse
aetiologies of OHCA,; relatively poor survival has been reported
in this heterogeneous group of patients.”® The reported incidence
of ventricular fibrillation (VF) as an initial rhythm in paediatric
OHCA is lower than that reported in adults, and the effectiveness
of early defibrillation programmes even for paediatric patients in
VF arrest has been questioned.”® Secondly, although school-age
children are reported to spend a large part of their active
daytime in public locations,” it is uncertain whether PAD pro-
gramme, if any, would be effective for ordinary children in the chil-
dren’s public environment, including schools.*”~"" Recently, VF
was found to be present in a higher percentage of high school-age
athletes with sudden arrest, and recent small series have noted
improved survival when early defibrillation with CPR was provided
for such patients in high schools."' =" However, the limited de-
- ployment of AED devices in elementary and middle schools, and
other public locations, a small sample size of OHCA in this age
population in local studies, and the lack of an appropriate reporting
system of OHCA, may have hampered any investigations involving
the epidemiological basis of the benefit of PAD for OHCA in such
school-age children,!'%1415

In Japan in July 2004, the Ministry of Health, Labour and Welfare
approved AED use by citizens. By 2009, the number of AED
devices in public places increased to 203 924 (106.6/100 000
population).'*"7 Of note, up to 28.9% of public access AED
devices in Japan were placed in schools; by 2009, AEDs were
placed in 72% of elementary schools and 89.8% of middle
schools,"®" In January 2005, the Fire and Disaster Management

Agency of Japan launched a prospective, nationwide, population-based,
Utstein-style registry involving consecutive OHCA victims in all the
age groups.20 A recent study, using the Utstein registry database,
demonstrated that there was a temporal increase in public
access AED application and improved outcomes after OHCA in
adults at the national level.°
PAD programme on outcomes of OHCA in elementary and
middle school children has not been reported. We therefore
investigated whether PAD may have an impact on the outcome
after OHCA in such school-age children at the national level, by
using the Japanese Utstein registry database 2"

However, the impact of the national

Methods
Study design

The All-Japan registry of the Fire and Disaster Management Agency of
Japan is a prospective, nationwide, population-based registry of OHCA,
which is based on the standardized Utstein style, as reported in detail
previously.”>?" Briefly, this cohort enrolled all consecutive patients
who suffered OHCA all over Japan, and were treated by emergency
medical service (EMS) personnel and transported to hospitals. Specific
enrolment process was described in Supplementary material online,
Supplementary methods,2%%! Among these patients, who had OHCA
during January 2005—December 2009, we identified eligible patients
who were 7—15 years of age, because we would include school-age
students in compulsory education, which corresponds to the elemen-
tary and middle schools in [apan: high school students were thereby
excluded. We identified those school-age victims with bystander-
witnessed OHCA of presumed cardiac origin occurring during the
entire day. Cardiac arrest was defined as the cessation of cardiac
mechanical activity as confirmed by the absence of signs of circula-
tion.?~2* The arrest was presumed to be of cardiac origin unless it
was caused by non-cardiac (respiratory disease, malignant tumours,
and central nervous system disorders), external (trauma, hanging,
drowning, drug overdose, and asphyxia) , or any other non-cardiac
factors.2™2* The data form was filled out by the EMS personnel in co-
operation with the physicians in charge of the patients, and the data
were integrated into the registry system on the database server. The
working group for All-Japan Utstein registry designed the study proto-
col; collected and managed the data; and the authors analysed the data
and wrote the manuscript. The protocol for analyses was approved by
the Ethics Committee of Mie University Graduate School of Medicine.

Study setting

Emergency medical service and training system in Japan was previously
reported in detail 22! Briefly, Japan has an area of ~378 000 km?, and
its population was 127 million, including 3 666 839 male and 3 496 405
female 7-12-year-old children {(elementary school students), and
1871134 male and 1780230 female 13-—15-year-old children
(middle schoot students) in 2005.%° Placerent of AEDs in public loca-
tions was driven by either public or private initiatives.'” The cumutative
number of public access AEDs, excluding those in medical facilities and
EMS institutions, as estimated from sales of AEDs, increased from
9906 to 203 924 during the 5-year study period (see Supplementary ma-
terial online, Table)." A total of 96.5% of public access AEDs are located
in public locations (28.9% in schools, 20.6% in workplaces, 8.8% in
nursing homes, 5.7% in sports facilities, 4.8% in cultural facilities, 2.6%
in public transportation facilities, and 25.1% in other public locations),
1.4% in residential areas, and 2.1%.in others.*® From 2007 to 2009, the
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percentage of elementary or middle schools equipped with at least one
AED device increased from 18.1 to 72.9% in elementary schools and
from 38.3 to 89.8% in middle schools (see Supplementary material
online, Table).” School teachers and other staff were trained in CPR pro-
grammes by EMS providers or other instructors, under the guidance of
local school boards, in which paediatric and adult PADs were generally
recommended for children at 7 years of age and older, respectively, in
accordance with the Japanese CPR guidelines.”® In Japan, ~1.4-1.5
million citizens per year participated in the CPR/AED training pro-
grammes, generally provided by local fire departments.”

Data collection

Procedure of data collection was described previously.”®*! Briefly,
registry data were prospectively collected in accordance with the
Utstein-style reporting guidelines for OHCA, which is a standardized
form (uniform definitions, terminology, and recommended data sets)
for clinical investigators to report human resuscitation studies20"23%%
Specific data sets and data collecting process were described in Supple-
mentary material online, Supplementary methods.*'23%* |n the
present Japanese Utstein reporting system, a patient initially shocked
by a bystander was defined as one in which a public access AED was
used and the shock was delivered; if the public access AED was
applied but the shock was not delivered, the patient was not included
in this category.2®" In this analysis, an OHCA witnessed by non-family
members was presumed to be an event in a public location, because
of a lack of data with respect to specific locations in the registry;
when a bystander delivered shocks with an AED, the initial rhythm
of the patient was regarded as VF, including pulseless ventricular
tachycardia.

Endpoints

The primary endpoint was survival at 1 month with minimal neuro-
logical impairment, which was defined as a Glasgow—Pittsburg cerebral
performance category of 1 (good performance) or 2 (moderate
disability). % Secondary endpoints were survival at 1 month and
return of spontaneous circulation (ROSC) before arrival at the
hospital.

Statistical analysis

The age-stratified annual incidence of OHCA was calculated with the
use of 2005 census data.® Continuous variables between two groups
were assessed by the unpaired t-test. Trends in categorical and con-
tinuous variables were analysed with the use of univariate regression
models and linear tests, respectively, in overall and subgroups of eli-
gible patients, determined by the relation of bystanders to the
victims (family or non-family member). The planned subgroup analysis
was intended to determine the impact of PAD on trends in outcome
parameters of arrest in presumed public locations (non-family
member-witnessed arrests) in comparison with the non-public loca-
tion arrest (family member-witnessed arrests). Univariate and multi-
variable logistic regression analyses were performed to assess the
factors associated with VF as the initial rhythm, and outcome para-
meters. Adjusted and unadjusted odds ratios with their 95% confi-
dence intervals and P values were reported. Potential confounding
factors adjusted for VF as the initial rhythm included the calendar
year, the age, gender, the relation of the bystander to the patient
(family or non-family member), the type of CPR initiated by a bystand-
er (compression-only or conventional CPR), and the time from the
witnessed collapse to the EMS arrival, in accordance with previous
reports.m'm'28 Potential confounding factors for outcome parameters
included VF as an initial rhythm, bystander's AED use at the first
shock, and the time from the witnessed collapse to the first shock,

in addition to the potential confounders for VF, in accordance with
previous n*ezpoy'ts.m'21’28 All statistical analyses were performed with
the use of the SPSS statistical package, version 16.0) (SPSS). Data
were reported as mean + standard deviation. All tests were two-
tailed, and P values of <0.05 were considered to indicate statistical
significance.

Results

Among 2072 OHCA children, 522 were of presumed cardiac
origin; 230 of 522 arrests were witnessed by bystanders
(Figure 1). Among a total of 230 eligible patients, 128 (56%) chil-
dren had VF as the initial rhythm. Among these 128 patients, 29
(23%) children received a first shock by bystanders using a public
access AED before the arrival of EMS personnel and 96 (75%) chil-
dren received a first shock by EMS personnel (32 with a monopha-
sic and 64 with a biphasic defibrillator). In addition, among 102
patients without VF as the initial rhythm, none received bystander’s
defibrillation, but 13 (13%) received a shock by EMS personnel fol-
lowing CPR. Among 128 children with VF as the initial rhythm, 53
(41%) survived with a favourable neurological outcome, 67 (52%)
survived 1 month after the arrest, and 55 (43%) had pre-hospital

ROSC. Among the subset of 29 school-age children with OHCA

who received initial AED shock by bystanders, 16 (55%) survived
with favourable neurologic outcome, 19 (66%) survived 1 month
after the arrest and 19 (66%) had prehospital ROSC. Among
102 patients without VF as the initial rhythm, 8 (8%) survived
with favourable neurological outcome, 15 (15%) survived 1
month after the arrest and 11 (11%) had pre-hospital ROSC.
The time interval from collapse to the initiation of CPR was
shorter in bystander-initiasted CPR than EMS-initiated CPR
(3.2 + 4.9 vs. 8.9 + 6.8 min, P < 0.001). The interval from collapse
to the initiation of AED use was shorter in bystander-initiated AED
use than EMS-initiated one (3.3 £3.7 vs. 129 £ 58 min, P<
0.001). Clinical and outcome parameters in the overall, family and
non-family member witnessed arrests were reported in Table 1.
The population-based age-stratified incidence of bystander-
witnessed OHCA of presumed cardiac origin in children was con-
stant during the study period (see Supplementary material online,
Table).

Trends in clinical and outcome
parameters

During the study period (Table 2), the proportion of patients ini-
tially shocked by a bystander’s AED among total patients increased
from 2% in 2005 to 21% in 2009 (P = 0.002). Such a temporal in-
crease was observed in non-family member-witnessed arrests,
from 4% in 2005 to 37% in 2009 (P = 0.001), but not in family
member-witnessed arrests. The collapse to AED time tended to
become shorter only in non-family member-witnessed arrests,
from 11.1 min in 2005 to 8.3 min in 2009 (P = 0.07). The propor-
tion of any other categorical and continuous variables investigated
in either subgroup of patients did not change significantly (see
Supplementary material online, Appendix 7). As the outcome para-
meters (Figure 2), the proportion of patients with a favourable
neurological outcome among total patients increased from 12%
in 2005 to 36% in 2009 (P = 0.006). Such a temporal improvement
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was observed only in non-family member-witnessed arrests,
from 9% in 2005 to 53% in 2009 (P = 0.001). The proportion of
survival at 1 month after OHCA (P = 0.008) and ROSC before
arrival at the hospital (P = 0.046) increased only in non-family
member-witnessed arrests, from 17 and 17% in 2005 to 53 and
42% in 2009, respectively. Trends in specific values in all the clinical
and outcome parameters investigated in overall and subgroups
of patients were reported (see Supplementary material online,
Appendix 1).

Multivariable analysis

fn multivariable analysis (Table 3), a non-family member’s witness
[P < 0.001, adjusted odds ratio (OR) 4.03 (2.08—-7.80)] was inde-
pendently associated with the presence of VF as the initial
rhythm. The collapse to AED time, either by a bystander or an
emergency responder [P=0.03, OR per 1min increase, 0.90
(0.82-0.99)], and female gender [P = 0.008, 320 (1.35-7.56)]

were independently associated with a favourable neurological

outcome. The collapse to AED time was the only variable inde-
pendently associated with the survival at 1 month [P = 0.045,
0.92 (0.85~0.99)] and pre-hospital ROSC ([P=0.001, 0.82
(0.73-0.92)]. Results of univariate analysis were reported in the
see Supplementary material online, Appendix 2.

Discussion

Although the epidemiological data related to the impact of dissem-
inating PAD programmes on OHCA in elementary and middle
school children were limited,”® the present Utstein registry
study would supply evidence supporting that implementation of
PAD programmes increases the likelihood of early defibrillation
by bystanders, and improves the outcome after OHCA in such
school-age children. These findings may underscore the benefit
of PAD in the prevention of sudden cardiac death in school-age
children.
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Total Family witnessed
(n =230) (101) (129)

122+ 25 11.3+27 12.8 +2.1
Male gender, n (%) 145 (63) 63 (62) 82 (64)
Ventricular fibrillation, n (%) 128 (56) 37 (37) 91 (71)
CPR initiated by bystanders, n (%) 161 (70) 55 (55) 106 (82)
Conventionat CPR, n (%) 102 (64) 30 (55) 72 (69)
Collapse to CPR time (min) 49 + 6.1 53+63 46 + 6.0
Shock initiated, n (%)
by bystanders 29 (13) 2(2) 27 (21)
by EMS 109 (47) 38 (38) 71 (55)
Collapse to AED time (min) 109 + 6.7 131+70 © 100+ 64
34.6 + 172 350+ 165 343+ 177
Favourable neurological outcome, n (%) 63 (27) 15 (15) 48 (37)
Survival at Tmonth, n (%) 84 (37) 22 (22) 62 (48)
Prehospital ROSC, n (%) 66 (29) 20 (20) 46 (36)

P value for trend

Family member
Non-family member
CPR initiated by bystanders, n (%)
Total 26 (63) 33(72) 36 (72) 37 (77) 29 (66)
Family member 8 (44) 9'(50) 12 (60) 12 (63) 14 (56)
Non-famity member 18 (78) 24 (86) 24 (80) 25 (86) 15 (79)
hock initiated by bystanders, n (%) .
Total 1(2) 1(2) 10 (20) 8 (17) 921
Family member 0 (0) 0 (0) 0(0) 0 (0) 2(8)
Non-family member 1(4) 1(4) 10 (33) 8 (28) 7 (37)
hock initiated by EMS, n (%)
Total 18 (44) 24 (52) 26 (51) 19 (40) 22 (50)
Family member 6 (33) 3(17) 10 (48) 7 (37) 12 (48)
Non-family member 12 (52) 21 (75) 16 (53) 12 (41) 10 (53)

11.8 + 4.8 125 £ 54 104 +£72 102 £ 62 103 + 84
Family member 135+72 143 + 46 133 + 44 12.7 + 3.0 12.6 + 103
Non-family member 11.1+32 122 +55 92478 94+ 68 83+59
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(%) outcome

% QOverall
2 Family witness

—

A favourable neurological

80 7 4w Non-family witness

~4h  P=0.001

P=0.006 40 -
P=0.462

T T

2005 06 07
Calendar year

08 09

80

60 1

20 -

0

Survival at 1 month

2005 06 07

08 09
Calendar year

Pre-hospital ROSC

P=0.046
P=0.257
P=0.731

2005 06 07

08 09
Calendar year

Variable

Year (per 1-year increase)
P value
Age>13 years
P value
Female gender
P value
Non-family witnessed
P value
CPR
Not bystander-initiated
Bystander-initiated
Conventional
P value
Compression only
P value

Collapse—EMS time (per 1 min
increase)

P value

Ventricular fibrillation as the initial
rhythm

P value
Bystander’s AED

P value

Collapse—AED time (per 1-min
increase)

P value

Ventricular
fibrillation

Adjusted OR
(95% CI)

1.09 (0.87-1.37)
0.46

1.83 (0.96-3.48)
0.07

0.76 (0.39-1.47)
0.41

4.03 (2.08-7.80)
<0.001"

reference

0.76 (0.35—1.65)
049
079 (0.34-1.83)
058
099 (0.97-1.37)

0.30

Favourable neurological
outcome

Adjusted OR (95% CI)

1.19 (0.87-1.63)
0.29

1.79 (0.76—4.20)
0.18

3.20 (1.35-7.56)
0.008

1.53 (0.58-4.03)
039

reference

1.01 (0.34—3.00)
098
1.55 (0.51-4.71)
044
1.00 (0.98—1.03)

074
2.03 (0.43-9.46)

037
0.49 (0.12-2.02)
032

0.90 (0.82-0.99)

003
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Survival at 1 month

Adjusted OR
(95% CI)

097 (0.73-1.30)
0.86
1.60 (0.72-3.54)
025
1.80 (0.79-4.10)
0.16
1,68 (0.70-4.02)
027

reference

124 (045-3.43)
0.68
1.08 (0.38-3.06)
0.88
1.00 (0.98-1.03)

0.89
1.30 (0.34-4.91)

0.70
059 (0.15~2.23)
043

092 (0.85-0.99)

0.045

Pre-hospital ROSC

Adjusted OR
(95% C1)

0.80 (0.58-1.10)
0.17
1.60 (0.67-3.80)
029
217 (0.91-5.19)
0.08
0.86 (0.32~2.29)
076

reference

0.90 (0.29-2.78)
086
1.77 (0.58-5.46)
032
1.01 (0.99-1.04)

0.33

© 0.76 (0.18-3.20)

0.71
0.61 (0.14-2.76)
053

0.82 (0.73-0.92)

0.001
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Impact of public access defibrillation on
out-of-hospital cardiac arrest in
school-age children

Between 2005 and 2009 in Japan, there was a remarkable increase
in the availability of AED in public spaces surrounding school chil-
dren, including schools."®~"? During this period, there was an in-
crease in the proportion of OHCA in which the victim was
initially shocked by a bystander, and this was temporally associated
with an improvement in the neurological outcome in children with
OHCA. In subgroup analyses, (i) temporal trends in these para-
meters were evident in non-family member-witnessed arrests,
but not in family member-witnessed arrests, (i) similar trends in
secondary outcome parameters were observed in non-family
member-witnessed arrests, and (i) trends in other clinical para-
meters were not affected in either subgroup of patients during
the same period. Therefore, trends in relevant variables, together
with multivariable analysis data, consistently support that introduc-
tion of PAD programmes would increase the likelihood of early
defibrillation by bystanders, and improve the outcomes of school-
age children after public location arrest. Such an impact of PAD on
OHCA in school-age children is consistent with that reported in
adults.® In an adult study (=18 years of age) by using the same
Japanese Utstein registry data during 2005-07, 32% of patients
with bystander-witnessed OHCA of presumed cardiac origin
with initial rhythm of VF who received bystander AED shock deliv-
ery had a favourable neurological outcome.® In the present study
during the corresponding years 2005-07 (data not shown), 58%
(7/12) of children who received bystander-initiated shock had a fa-
vourable neurological outcome. In other adult studies, the survival
rate of OHCA patients initially shocked by a bystander was
~60%.**613 Thus, the survival to 1 month with good neurological
outcome of school-age children who experience witnessed OHCA
with bystander CPR and AED shock delivery appears to equal or
surpass that reported in adults. The more favourable outcome in
this paediatric population may result from the higher rate of by-
stander CPR, and the shorter collapse to CPR and collapse to
AED shock delivery intervals than those observed in adults with
OHCA during the same period in Japan. This may be explained
in part by factors in the school environment, such as constant
visual observation of the children and focused training of teachers
and staff.

- Frequency of ventricular fibrillation as the
_initial rhythm in out-of-hospital cardiac
arrest in school-age children

The frequency of VF in OHCA in children has been debated for a
decade, and has been negatively influenced by the young age (<1
year of age), and traumatic and respiratory aetiologies.”®'*'* In
the present study, as high as 56% of bystander-witnessed arrests
of presumed cardiac origin in school-age children were associated
with VF. This is consistent with the results in local studies (in King
county of USA, and in a province of the Netherlands), in which the
frequency of VF has been positively associated with the advanced
age (>8 years of age), witnessed arrest, and cardiac aetiology, and
a half of arrest patients had an initial rhythm of VF among

adolescents aged 13—18 years with witnessed arrest.""* In our
study, we could further demonstrate that the non-family member-
witnessed arrest was independently associated with VF as the initial
rhythm, which is consistent with the results in an adult study.”® The
relatively low proportion of initial VF in adolescent OHCA in ROC
study may be related to the difference of witness status, aetiology,
and the reporting system.'* The present study suggests that the
relatively high proportion of initial VF in bystander-witnessed
OHCAs of presumed cardiac origin in public locations in school-
age children may confer an epidemiological basis for early defibril-
lation in this age population.

Limitations

Several limitations could be acknowledged in this study, in addition
to those, as described previously.zo‘21 First, the proportion of
OHCA patients in schools among total eligible samples is
unknown, because of the lack of data with respect to school as a
specific location in the registry. Secondly, there might be unmeas-
ured confounding factors (i.e. quality of bystander’s CPR) that
might influence the association between bystander’s defibrillation
and outcomes. Thirdly, information on in-hospital treatment (ie,
hypothermia) is unavailable, which might affect survival after
OHCA. Fourthly, it is unknown whether the present information
can be generalized to other communities with different emergency
response programmes at schools and other public locations sur-
rounding children,'®'? or different EMS systems.20 Fifthly, the
present investigation is not a cost-effectiveness analysis, although
a previous study of cardiac arrests in high schools indicated that
PAD may be cost-effective in schools.'? Sixthly, specific data on
the scope of the budgetary barriers and logistic issues (i.e. the loca-
tions of AED placement, training schedule for teachers) in imple-
menting and refining AED/CPR programmes at the national level
in Japan is unavailable."”

Conclusions

Although the impact of PAD has been largely elusive in overall chil-
dren of different ages after etiologically diverse OHCAs in their
public environmnent,”® the present study would supply evidence
which could dissect an epidemiological basis of the benefit of
PAD in school-age children after bystander-witnessed OHCA of
presumed cardiac origin. We believe that these findings are rele-
vant to medical emergency response and CPR/AED programmes
in the public environment surrounding school-age children,"?

Supplementary material

Supplementary material is available at Europace online.
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Common variants at CDKALI and KLF9 are associated
with body mass index in east Asian populations

Yukinori Okada'2, Michiaki Kubo?, Hiroko Ohmiya!, Atsushi Takahashi!, Natsuhiko Kumasaka!,

Naoya Hosono?, Shiro Maeda*, Wanqing Wen’, Rajkumar Dorajoo®’, Min Jin Go3, Wei Zheng>, Norihiro Kato®,
Jer-Yuarn Wul®!l, Qi Lu!2, GIANT consortium!3, Tatsuhiko Tsunodal4, Kazuhiko Yamamoto?,

Yusuke Nakamura!®, Naoyuki Kamatani! & Toshihiro Tanaka!6

Obesity is a disorder with a complex genetic etiology, and

its epidemic is a worldwide problem. Although multiple
genetic loci associated with body mass index, the most
common measure of obesity, have been identified in European
populations, few studies have focused on Asian populations.
Here we report a genome-wide association study and
replication studies with 62,245 east Asian subjects, which
identified two new body mass index-associated loci in the
CDKALT locus at 6p22 (rs2206734, P = 1.4 x 107'7) and the
KLF9 locus at 9921 (rs11142387, P = 1.3 x 1079, as well as
several previously reported loci (the SEC16B, BDNE FTO,
MC4R and GIPR loci, P < 5.0 x 1078). We subsequently
performed gene-gene interaction analyses and identified an
interaction (P = 2.0 x 10~8) between a SNP in the KLF9 locus
(rs11142387) and one in the MSTN (also known as GDF8)
locus at 2q32 (rs13034723). These findings should provide
useful insights into the etiology of obesity.

Obesity is a major risk factor for a number of chronic diseases, and its
recent rise in prevalence worldwide has imposed serious medical and
economic burdens!. It is well known that obesity is a highly heritable
trait, and around 40-70% of the inter-individual variation in obesity
is attributable to genetic factors®. Recently, genome-wide association
studies (GWAS) identified dozens of genetic loci associated with body
mass index (BMI), the most common measure of obesity3'12. However,
most of these studies were conducted in European populations, and
few studies have assessed Asian populations™!!, which account for
two-thirds of the world’s population. The degree of adiposity and the
risks of diseases exacerbated by obesity are greater in Asians than in

Europeans when evaluated with the same BMI!3. Thus, the study of
Asian populations might lead to the identification of new obesity-
associated loci and provide insight into the genetic architecture of
obesity. We report here a large-scale GWAS and replication studies of
BMI examining a total of 62,245 subjects from east Asian populations.

In the GWAS for BMI, we enrolled 26,620 Japanese subjects under
the support of the BioBank Japan Project!* (Supplementary Table 1
and Supplementary Fig. 1). We applied stringent quality control
criteria, including principal component analysis (PCA) for evaluat-
ing potential population stratifications, as previously described?.
To extend the coverage to the genomic region, we performed whole-
genome imputation for SNPs, and we obtained the genotype data
for 2,178,018 autosomal SNPs with minor allele frequency (MAF) 2
0.01. We evaluated each SNP for association with BMI using a lin-
ear regression model assuming additive effects of the allele dosages
using the rank-based inverse-normal-transformed values of BMIL
Although no significant population stratification was suggested in
our study population (Supplementary Fig. 2) or in our previous
studies of Japanese subjects'>, for robustness, we applied genomic-
control corrections to the results of the GWAS using a genomic
control inflation factor (Agc) of 1.123 (referenced Agg 1000 =
1.005)1¢. The quantile-quantile plot of the resulting P values indi-
cated a remarkable discrepancy in its tail from the null hypothesis
(Supplementary Fig. 3), which suggested the presence of statisti-
cally significant associations in this GWAS. We identified significant
associations in three chromosomal loci (the KLF9locus at 9q21, the
BDNF locus at 11p14 and the GIPR locus at 19q13) that satisfied
the genome-wide significance threshold of P < 5.0 x 1078 (Table 1
and Fig. 1a).
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Table 1 Associations of the GWAS and the replication studies for BMI
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To further validate the associations identified in the GWAS, we per-
formed replication studies on three independent sets (Supplementary
Table 1 and Supplementary Fig. 1). The first and second sets con-
sisted of 3,763 and 4,147 Japanese subjects from the BioBank Japan
Project!4, respectively. The third set consisted of 27,715 subjects
enrolled in the concurrently conducted meta-analysis of GWAS for
BMI with cohorts of east Asians!’. First, we evaluated the 36 SNPs
most significantly associated in each of the loci having P < 5.0 x 1073
in the GWAS in the first replication set and then further evaluated
11 SNPs with P < 5.0 x 107 in the combined study of the GWAS
and replication set 1 in replication sets 2 and 3. Using the combined
results of the GWAS and the replication studies, we identified a total
of seven loci that satisfied the genome-wide significance threshold
(P < 5.0 x 1078; Table 1), which included the three loci that origi-
nally satisfied this threshold in the GWAS. Among the seven identi-
fied loci, five were previously identified to be associated with BMI in
Europeans (the SEC16B, BDNF, FTO, MC4R and GIPR loci at 1925,
11p14, 16q12, 18p21 and 19q13, respectively)*~*1112, The associa-
tions at the remaining two loci (6p22 and 9921) had not been previ-
ously reported, including in the large-scale study of Europeans!?, and
were new findings, to our knowledge. The landmark associated SNP
at 6p22 (rs2206734, P = 1.4 x 107!1; Fig. 1b) is located in the coding
region of CDKALI, the gene encoding cyclin-dependent kinase 5
(CDKS5) regulatory subunit associated protein 1-like 1. The other
associated SNP at 921 (rs11142387, P= 1.3 x 107%; Fig. 1c) is located
in the promoter region of KLF9, the gene encoding Kriippel-like
factor 9 (also known as basic transcription element-binding pro-
tein 1, or BTEB1). The linkage disequilibrium block that includes
rs11142387 also covers several genes, including MAMDC2, SMC5
and TRPM3 (Fig. 1c). Although we examined tag copy number vari-
ants and performed an expression analysis of rs11142387 in the locus
using a publicly available database, no significant findings were
observed (Supplementary Fig. 4). Our study showed suggestive asso-
ciations (5.0 x 10~8 < P< 5.0 x 107°) in the CCK (encoding cholecysto-
kinin) locus at 3p22 (rs4377469, P = 1.6 x 1077) and in the ZNF169
(encoding zinc finger protein 169) locus at 9922 (rs10993160, P =
5.5 x 1077). The combination of these seven identified loci (P < 5.0 x
1078) explained 0.72% of the inter-individual variance in BML; the
FTO locus explained the largest proportion of the inter-individual
variance in BMI (0.20%; Table 1).

To evaluate ethnic differences in the genetics of obesity, we fur-
ther evaluated the associations of the loci with confirmed or sug-
gestive associations (P < 5.0 x.107%) in the east Asian studies in
Europeans using the results of a meta-analysis for 123,865 subjects
performed by the GIANT consortium (Table 1)12. We found the
same directional effects of the alleles in this European population
as we found in the east Asian population at all of the nine evaluated
loci. We observed significant associations in five loci (P < 0.028,
false discovery rate (FDR) < 0.05), including the CDKALI locus
(P =0.0049), but we saw no association in the KLF9 locus (P = 0.50)
in the European population.

Using our data, we then evaluated the associations of the previously
reported BMI-associated loci, most of which had been identified in
Europeans (Supplementary Table 2)3-1218, Qur study replicated the
associations with the same directional effects of the alleles as the previ-
ous studies at ten loci, including the TMEM18, DNAJC27 (also known
as RBJ)-ADCY3-POMC, GNPDA2, POCS5 (also known as FLJ35779)-
HMGCR, TFAP2B, TRHR, MTCH2, MAP2K5-SKOR! (also known
as LBXCOR1), SH2B1-ATP2A1 and BMP2 loci, in addition to the five
loci that were already replicated in our GWAS (P < 0.02, FDR < 0.05).
In regards to loci previously reported in Koreans!!, we replicated the
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Figure 1 Results of the GWAS for BMI. a
(a) Manhattan plot showing —log;q P of the 10
SNPs in the GWAS for BMI in 26,620 Japanese

subjects. The genetic loci that satisfied the SEC168B

BDNF GIPR

genome-wide significance threshold of P< 5.0 x
1078 in the combined study of the GWAS and
the replication studies are labeled. The gray
horizontal line represents the significance
threshold. (b,c) Regional plots of the SNPs

in the CDKAL1 locus (b) and in the KLF9 locus (c).
The red diamond-shaped dots represent the
~logy Pvalues for the SNPs in the GWAS, and

—log,, P in the GWAS

the green dots represent the P value for the )

2 3 4 5 6 7 8 9 10 11 12 13 14 1516 17 1819202122
most significantly associated SNP in each of the Chromosome
loci in the combined study. The intensity of b c
the red color in the small-sized dots represents 124 180 10 g0 P
the 12 value with the most significantly 2 % 1611142387 & P=13x107 i g
associated SNP, which is shown as a large-sized % 91 5 8 60 5
red dot. The blue lines show the recombination 2 6 %
rates given in the HapMap Phase 1| east Asian £ 6 . 40 3
populations (release 22). The genes listed below °'g 3 oo ®
the plots indicate the RefSeq genes in the loci. _%r” 2 S
04 N ; 0 0 E
‘MBOATI E2F3 CDKAL1 [Courtias MAMDC2 SMOS KLFs . TRPM3
reported association in FTO but not LOC729076
205 20.8 21.1 (Mb) 71.9 722 725 (Mb)

at 6q24 (Supplementary Table 2).

Because obesity is a polygenic trait and
epistasis may help dissect its genetic back-
ground!®, we performed a gene-gene interaction analysis of BML
We evaluated gene-gene interactions assuming additive x additive
effects of SNPs20 between each of the seven SNPs confirmed to be
associated with BMI and all of the 2,178,018 genome-wide SNPs
(Supplementary Fig. 5) using the subjects enrolled in the GWAS,
and we then conducted a replication study. We found an interaction
that satisfied the significance threshold (P < 5.0 x 1078) between
rs11142387 at KLF9 and a SNP located in the promoter region
of MSTN (myostatin, also known as growth and differentiation
factor-8 or GDF8) at 2q32 (rs13034723, P = 2.0 x 107%; Table 2 and
Fig. 2a). Notably, the association of rs13034723 at the MSTN locus
with BMI was not significant (P = 0.56; Supplementary Table 3).
When we stratified the association of rs11142387 by the genotypes
of rs13034723, we observed a significant association of rs11142387
with BMI in the subjects with the AA genotype at rs13034723
(P =8.7 x 10715; Supplementary Tables 4 and 5 and Fig. 2b), although
we observed no significant association at this SNP for the subjects with
the AG or GG genotype (P = 0.0029 and P = 0.30, respectively).

Through the GWAS and the replication studies, we identified two
new loci, in CDKALI and KLF9, associated with BMI in east Asians.
These two loci also had significant associations with the risk of obesity
(BMI227.5; P=1.1x 107 for CDKALI and P = 4.2 x 10~* for KLF9;
Supplementary Table 6). The association in the CDKALI locus, but
not the KLF9 locus, was shared between east Asians and Europeans‘z‘
Because the study in Europeans!? had enough power to detect the

Table 2 Gene-gene interaction for BMI between the KLF9 and MSTN loci

Chromosome 6 position

Chromosome 9 position

KLF9locus (>99%), under the assumption that this locus has the same
effect size in Europeans as east Asians and given the allele frequency
in Europeans (0.51), these results suggest that there exists ethnic hetero-
geneity in the effect of the KLF9 locus for BMI. We also performed
a gene-gene interaction analysis and showed an interaction between
the KLF9 and MSTN loci. Although the substantial role of epistasis in
polygenic traits has been recognized, the approach to elucidate actual
epistatic associations has been challenging®. Our findings are one of
the first pieces of evidence for the presence of epistatic associations.
Recent studies reported associations of the CDKALI locus with BMI
at an age of 8 years (rs4712526)%! and with birthweight (rs7756992)%2,
and these two SNPs also had significant associations in our GWAS
(P < 5.0 x 107°). To our knowledge, our study is the first to report
on the association with adult BMI. The CDKALI locus has been
reported to be a risk locus for type 2 diabetes (T2D)?>?%, We found
that the T allele of rs2206734, which was associated with a lower
BMI, significantly increased T2D risk in our study subjects (P < 1.4 x
10718, Supplementary Table 6). CDKALI risk variants for T2D were
previously associated with decreased insulin secretion?®; therefore,
the observed effects of the CDKALI risk variant on lower BMI might
be mediated by decreased insulin secretion. Notably, a recent study
identified similar patterns of associations in the GIPR locus?®, and
we observed that the A allele of rs11671664 at GIPR, which is also
associated with lower BMI, increased T2D risk (P < 1.5 x 1073
Supplementary Table 6). These findings suggest that further studies

Independent variables in the regression model

Associations with BMI in the regression model

GWAS Replication study® Combined
rs ID Cytoband Gene A1/A22 B(SE® P B(SE)P P B(SEP P
rs11142387¢ 9q21 KLF9 CIA 0.088 (0.012) 8.3x 10714 0.117 (0.027) 1.7 x 1075 0.093 (0.011) 1.1 x 1077
rs130347234 2932 MSTN AG ~0.065 (0.015) 2.8 x 105 -0.068 (0.029) 0.018 -0.065 (0.014) 1.5 x 106
111142387 x - - - 0.064 (0.013) 1.7 x 107 0.073{0.025) 0.0031 0.066 (0.012) 2.0x 1078
rs13034723¢

2Based on the forward strand and NCBI Build 36. YEffect size of ailele 1 {A1) on the normalized BMI (mean, 0; s.d., 1). “Consisted of replication sets 1 and 2 (Supplementary Fig. 1) 4The allele dosage of allele 1
was used as an independent variable.  The product of the allele dosages of allele 1 of rs11142387 and allele 1 of r513034723 was used as the independent variable.
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that comprehensively assess genetic associations with T2D risk, BMI
and insulin secretion should be performed. When we excluded the
subjects affected with T2D (n = 12,234), the association of rs2206734
with BMI was not obvious (effect size = 0.031, P = 1.4 x 1076). We
evaluated the association of the CDKALI and GIPR loci with other
related traits, including systolic and diastolic blood pressure and
serum lipid levels (total cholesterol, high-density-lipoprotein
cholesterol, low-density-lipoprotein cholesterol and triglycerides),
however, we observed no significant associations with any of these
traits (o = 0.05; Supplementary Table 6).

KLF9 is a member of zinc-finger transcription factors involved in
various physiological processes. A recent study indicated KLF9 as a
pro-adipogenic transcription factor acting through the transactiva-
tion of PPARY?S, a key component of adipocyte differentiation that
has been implicated in obesity?’. Researchers from a previous study!®
reported the association of the KLF7 locus with obesity in the Danish
population, although we could not test the relevance of this locus here
because the SNP reported in that study, rs7568369, is not polymorphic
(Supplementary Table 2). It is known that KLF5, a gene belonging
to the KLF family and also known as BTEB2, regulates adipocyte dif-
ferentiation?®. Considering these observations, the association of the
KLF9 locus with BMI would be plausible from a biological aspect.
Contrary to the results from the CDKALI locus, we observed no sig-
nificant associations of KLF9 with T2D risk or with other related traits
(ot =0.05; Supplementary Table 6).

MSTN encodes a member of the transforming growth factor-f
(TGF-B) superfamily that regulates mesenchymal stem cell prolif-
eration?. A loss-of-function mutation in MSTN causes muscle hyper-
trophy and decreased body fat?>°, In our study, the SNP in the MSTN
locus was not associated with BMI, but its genotypes clearly stratified
the association in the KLF9locus. This would imply a regulatory role
of MSTN on the effect of KLF9 on BMI, and further studies evaluating

Figure 2 Gene-gene interactions between the KLF9 and MSTN loci.

(a) Regional plots of the SNPs. Diamond-shaped dots represent the ~log;q
Pvalues for the SNPs for the gene-gene interaction with the landmark
SNP in the KLF9 locus (rs11142387). The green dot indicates the

P value of the most significantly associated SNP in the combined study,
and the red dot indicates the Pvalue of this same SNP in the genome-
wide gene-gene interaction analysis. The intensity of the red color in
the small-sized dots represents the r2 value with the most significantly
associated SNP, which is shown as a large-sized red dot. The blue lines
show the recombination rates given in HapMap. The genes listed below
the plot indicate the RefSeq genes in the locus. (b) Mean BMI values
of the subjects stratified by the genotypes of rs13034723 in the MSTN
locus and rs11142387 in the KLF9 locus.

functional epistasis should be performed. Notably, researchers from a
previous study>! identified similar conserved promoter and enhancer
architecture in KLF9 and MSTN through a search of evolutionary
conserved regions, which suggests that these two genes may form
a synexpression group3!. Other genes located near MSTN, such as
C20rf88, could also be candidates, and the relatively small sample size
used in the replication studies provided limited evidence of this.

Researchers at concurrent study!” have reported a genome-wide
meta-analysis for BMI using data of eight cohorts of east Asians. The
subjects enrolled in these two studies overlapped because of their
reciprocal replication approaches, and newly identified loci were
shared at CDKALI, whereas some loci were specifically identified
in each study, such as KLF9. These differences could be attributed
to differences in study designs, effects of different compositions of
the populations in the discovery phases and the probability of study-
specific bias induced by the winner’s curse effect.

In summary, our study identified new associations of the CDKALI
and KLF9 loci with BMI in east Asians. We also found a gene-gene
interaction between the KLF9 and MSTN loci. Our study should
contribute to understanding of the genetic architecture of obesity.

METHODS
Methods and any associated references are available in the online
version of the paper at http://www.nature.com/naturegenetics/.

Note: Supplementary information is available on the Nature Genetics website.
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