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Background: Ethnic differences may affect the phenotypic expression of genetic disorders. However,
data regarding the effect of ethnicity on outcome in patients with genetic cardiac disorders are limited.
We compared the clinical course of Caucasian and Japanese long QT type-1 (LQT1) patients who
were matched for mutations in the KCNQ1 gene.

Methods: The study population comprised 62 Caucasian and 38 Japanese LQT1 patients from
the International LQTS Registry who were identified as having six identical KCNQ1 mutations. The
biophysical function of the mutations was categorized into dominant-negative (>50%) or haploin-
sufficiency (≤50%) reduction in cardiac repolarizing IKs potassium channel current. The primary
end point of the study was the occurrence of a first cardiac event from birth through age 40 years.

Results: Japanese patients had a significantly higher cumulative rate of cardiac events (67%) than
Caucasian patients (39%; P = 0.01). The respective frequencies of dominant negative mutations in the
two ethnic groups were 63% and 28% (P < 0.001). In multivariate analysis, Japanese patients had an
81% increase in the risk of cardiac events (P = 0.06) as compared with Caucasians. However, when
the biophysical function of the mutations was included in the multivariate model, the risk associated
with Japanese ethnicity was no longer evident (HR = 1.05; P = 0.89). Harboring a dominant negative
mutation was shown to be the most powerful and significant predictor of outcome (HR = 3.78; P <
0.001).

Conclusions: Our data indicate that ethnic differences in the clinical expression of LQTS can be
attributed to the differences in frequencies of the specific mutations within the two populations.
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The congenital Long QT Syndrome (LQTS) is
caused by mutations in eleven defined genes that
encode channels that regulate sodium, potassium,
and calcium currents, and by mutations that affect
trafficking of ion channels, resulting in prolonged
ventricular repolarization and an increased risk for
sustained ventricular tachyarrhythmias.1–4 Muta-
tions in the KCNQ1 gene, also known as KvLQT1,
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cause the more common long QT type-1 (LQT1)
genotype by creating faulty alpha subunits that
are part of the delayed rectifier repolarizing potas-
sium (IKs) channel.5 LQT1 mutations are associ-
ated with two distinct biophysical mechanisms: (1)
coassembly or cellular trafficking defects of the mu-
tant subunits that allow only normal, wild-type,
subunits to be successfully transported to the cell
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membrane, resulting in reduced channel function
by ≤50%; (haploinsufficiency); and (2) formation of
defective channels involving mutant subunits with
the altered channel protein transported to the cell
membrane, resulting in a dysfunctional channel
having >50% reduction in channel current
(dominant-negative effect).6 We have recently
shown that the degree of ion channel dysfunction
caused by the mutations is a significant predictor
of outcome in LQT1 patients.7

Studies reporting the detection of single nu-
cleotide polymorphisms (SNPs) within different
populations have shown that there is a large vari-
ability in the LQTS genes across countries and eth-
nic groups.8–15 However, the effect of ethnicity on
the phenotypic expression of LQTS has not been
studied. To assess possible mechanisms by which
ethnicity influences the risk of cardiac events in
LQTS patients, we compared the clinical course of
Japanese and Caucasian LQT1 patients from the
International LQTS Registry who shared identical
mutations in the KCNQ1 gene.

METHODS

Study Population

Study patients were drawn from a population of
600 subjects with genetically confirmed KCNQ1
mutations derived from 101 proband-identified
LQT1 families. Patients were enrolled in the U.S.
portion of the International LQTS Registry (n =
425), The Netherlands’ LQTS Registry (n = 93),
and the Japanese LQTS Registry (n = 82), ethnicity
was self reported. In our comparison study, Cau-
casian subjects from the U.S. and The Netherlands’
LQTS Registries were matched with Japanese sub-
jects harboring the same mutations. This analysis
identified six identical LQT1 mutations in the two
ethnic groups, resulting in a final study population
of 100 patients (62 Caucasians and 38 Japanese).
Patients with homozygous KCNQ1 mutations char-
acteristic of the Jervell-Lange Nielsen syndrome,
or with a second mutation in another LQTS ion-
channel gene were excluded from the study. All
subjects or their guardians provided informed con-
sent for the genetic and clinical studies.

Data Collection and Management

For each patient, data on personal and family
history, cardiac events, and therapy were system-

atically recorded at each visit or medical contact
on prospectively designed forms. Clinical data in-
cluded patient and family history, demographics,
electrocardiographic (ECG), therapeutic, and car-
diac event information. Upon enrollment in the
LQTS Registry, a 12-lead ECG was obtained from
each patient. From this first recorded ECG, the du-
ration of the QT interval was assessed from lead
II (or lead I or III if the QT interval could not be
measured from lead II) and corrected for heart rate
(QTc) using Bazett’s formula. Data common to all
three LQTS registries involving genetically identi-
fied LQT1 patients were electronically merged into
a common database.

Genotype Characterization

The KCNQ1 mutations were identified using
standard genetic tests performed in academic
molecular-genetic laboratories. Genetic alterations
of the amino acid sequence were character-
ized by location in the channel protein, the
type of mutation (missense, splice site, in-frame
insertions/deletions, nonsense [stop codon], and
frameshift), and the biophysical functional effect
of the mutation (dominant negative or haploinsuffi-
ciency; Table 1). The biophysical function was clas-
sified based on studies reported in literature;12,16–18

mutations that have not yet been characterized
were assumed haploinsufficiency if identified as
splice site, nonsense, in-frame deletion, or frame-
shift mutations. The transmembrane region of the
KCNQ1-encoded channel included 6 membrane-
spanning segments [S1–S6], and was defined as
the coding sequence involving amino acid residues
from 120 through 355 (comprising two cytoplasmic
loops between S2–S3 and S4–S5, and the S5-pore–
S6 region), with the N-terminus region defined be-
fore residue 120, and the C-terminus region after
residue 355.

End Points

The end point of the study was the first oc-
currence of an LQTS-related cardiac event (syn-
cope, aborted cardiac arrest [ACA] or LQTS-related
death). In the primary analysis we compared the
outcome by ethnicity, with and without adjustment
for biophysical function (e.g., dominant negative
vs haploinsufficiency). In a secondary exploratory
analysis, the ethnic group comparison was further
stratified by gender.
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Table 1. KCNQ1 Mutations in Study Patients

Caucasian Japanese Biophysical
Mutation N = 62 N = 38 Position Exon Type Functional Effect

A341V 4 (6%) 16 (42%)∗ S6 7 Missense Dominant negative12

G314S 4 (6%) 4 (11%) Pore loop 7 Missense Dominant negative16

R243C 9 (15%) 4 (11%) S4/S5 5 Missense Dominant negative17

delF340 4 (6%) 3 (8%) S6 7 In-frame deletion Haploinsufficiency†

A344A/sp 20 (32%) 7 (18%) S6 7 Splice site Haploinsufficiency†

G269S 21 (34%) 4 (11%)∗ S5 6 Missense Loss of function18

∗P value for the comparison between Caucasian and Japanese patients < 0.05.
†Splice site and in-frame deletion mutation-types were assumed haploinsufficiency.

Statistical Analysis

The clinical characteristics of Caucasian and
Japanese subjects were compared using the chi-
square test, and the Fisher’s exact test, as appropri-
ate. The Kaplan-Meier life-table method was used
to assess the time to a first LQTS-related cardiac
event and the cumulative event rates for each eth-
nic group and mutation-type. The results were com-
pared using the log-rank statistic.

Multivariate Cox proportional hazards regression
modeling was carried out to determine the signif-
icant and independent contribution of each factor
as a predictor for a first cardiac event during follow-
up. Prespecified factors included gender, ethnicity,
QTc interval duration >500 ms, the biophysi-
cal functional effect of the mutation (e.g., dom-
inant negative vs haploinsufficiency), and time-
dependent beta-blocker therapy. Data from the
International LQTS Registry have shown that an
implanted cardioverter defibrillator (ICD) is very
effective in preventing fatal LQTS-related cardiac
events.19 Therefore, to validate the consistency of
the results the non-ICD population, all analyses
were repeated with censoring of patients upon im-
plantation of an ICD.

The statistical software used for the analyses was
SAS version 9.13 (SAS, Cary, NC, USA). A 2-sided
probability value < 0.05 was used for declaring sta-
tistical significance.

RESULTS

Clinical and ECG characteristics of Caucasian
and Japanese study patients are shown in Table 2,
panel A. Gender distribution and baseline QTc du-
ration were similar between the two ethnic groups.
However, when the baseline QTc was analyzed by
gender, Japanese male patients exhibited a signifi-
cantly longer QTc duration as compared with their

Caucasian counterparts. β-blocker therapy was ad-
ministered to a similar proportion of Japanese and
Caucasian patients, whereas ICD implantation oc-
curred only in Caucasian LQT1 subjects.

The two ethnic groups exhibited significant dif-
ferences in the frequencies of individual mutations
(Table 1) and their biophysical functional effects,
with the higher-risk dominant negative mutations
being significantly more frequent among Japanese
patients than among Caucasians (Table 2, panel A).

Cardiac Events During Follow-Up

A comparison of the frequency of cardiac events
experienced between the two populations revealed
a higher event rate among Japanese patients
(Table 2, panel B). Notably, the frequency of pre-
sentation with ACA as a first cardiac event was
significantly higher in Japanese patients as com-
pared with Caucasians. Accordingly, the cumu-
lative probability of a first cardiac event from
birth through age 40 years was significantly higher
among Japanese patients (67%) than among Cau-
casians (39%, P = 0.007; Fig. 1). Furthermore, car-
diac events occurred at a significantly earlier age
in the former ethnic group. Thus, at age 10 years
Japanese and Caucasians exhibited a respective car-
diac event rate of 43% and 18% (Fig. 1).

Comparison of event rates for the individual mu-
tations showed a lower rate for mutations result-
ing in haploinsufficiency (G269S, A344A/sp, and
delF340), and an increasing event rate for muta-
tions with dominant negative ion current effects
(R243C, G314S, and A341V; Fig. 2). Accordingly,
dominant negative mutation carriers exhibited a
significantly greater probability of a first cardiac
event than those with haploinsufficiency (Fig. 3),
and this finding was consistent in both the
Japanese (82% vs 38%, respectively; P = 0.001) and



A.N.E. � July 2008 � Vol. 13, No. 3 � Liu, et al. � LQTS and Ethnicity � 237

Table 2. Characteristics of Caucasian and Japanese LQT1 Patients

Caucasian (n = 62) Japanese (n = 38) P-Value

A. Characteristics
Female, n (%) 38 (61) 21 (55) 0.55
QTc, ms 487 ± 53 497 ± 35 0.30

Female, ms 498 ± 59 496 ± 39 0.92
Male, ms 468 ± 38 499 ± 32 0.02

Beta-blocker use, n (%) 28 (45) 14 (36) 0.41
ICD, n 10 0
Pacemaker, n (%) 5 (8) 1 (3) 0.27
Sympathectomy, n 0 0
Mutation characteristics

Missense mutation, n (%) 38 (61) 28 (74) 0.20
Dominant negative, n (%) 17 (28) 24 (63) <0.001

B. Cardiac Events
Any cardiac event, n (%)∗ 25 (40) 22 (58) 0.09

Syncope, n (%) 21 (34) 17 (45) 0.28
Aborted cardiac arrest, n (%) 4 (7) 6 (16) 0.13
Sudden cardiac death, n 5 (8) 2 (5) 0.59
Other Death, n (%) 3 (5) 0 (0) 0.17

Age at first cardiac event, y 11 5 0.12
Syncope as a first cardiac event 21 (34) 16 (42) 0.41
Aborted cardiac arrest as a first cardiac event 1 (2) 5 (13) 0.02
Sudden cardiac death as first a cardiac event 3 (5) 1 (3) 0.59

Plus-minus values are means ± SD.
∗Denotes the number of patients who experienced at least one cardiac event during follow-up. Mean QTc values include 87 cases;
13 cases were missing: 6 males and 7 females.
ICD = implantable cardioverter defibrillator .

Caucasian (71% vs 29%, respectively; P = 0.001)
groups.

Multivariate Analysis

Cox proportional hazards regression modeling
demonstrated that Japanese ethnicity was associ-
ated with a marginally significant 81% increase
in the risk of cardiac events as compared to Cau-
casian ethnicity, after adjustment for gender, QTc
duration, and time-dependent beta-blocker therapy
(Table 3, panel A). However, the risk associated
with ethnicity was no longer evident when the
biophysical functional effect of the mutation was
added to the multivariate model (Table 3, panel B).
In this model, a dominant negative mutation effect
was shown to be the most powerful and signifi-
cant predictor of outcome in study patients, and
was associated with nearly a fourfold increase in
the risk of cardiac events during follow-up. The
risk associated with dominant negative mutations
was consistent for both Japanese and Caucasian
patients (P value for ethnicity × mutation effect
interaction = 0.54).

Gender Differences within
Ethnic Groups

We have previously shown that in LQT1 patients
the risk of cardiac events is affected by age and
gender.20 We have therefore carried out a further
exploratory analysis, in which the clinical course
of males and females was compared and related to
the biophysical functional effect of the mutations
in the 2 ethnic groups. Overall, gender did not con-
tribute significantly to outcome in study patients
after adjustment for ethnicity or mutation effect
(Table 3, panel A and panel B, respectively). How-
ever, when gender was related to the biophysical
functional effect of the LQT1 mutations, dominant
negative mutations were shown to exhibit a differ-
ent gender effect in the two ethnic groups. The risk
of cardiac events among Japanese males with dom-
inant negative mutations was significantly higher
than among Japanese females with the same muta-
tions (HR = 3.46 [95% CI 1.06–11.27]; P = 0.03),
whereas male and female Caucasians with domi-
nant negative mutations exhibited a similar risk of
cardiac events during follow-up (HR = 0.79 [95%
CI 0.13–4.65]; P = 0.80).
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Figure 1. Kaplan-Meier estimates of the probability of a first cardiac event
from birth through age 40 years by ethnicity.

DISCUSSION

In the present study, we sought to explore the ex-
tent of phenotypic variation that occurs across two
ethnic groups that possess the same LQT1 muta-
tions. Our findings suggest that the clinical severity
of LQTS in different ethnic groups is largely deter-
mined by the frequency distribution of the LQT1
mutations in the population.

Figure 2. Kaplan-Meier estimates of the probability of a first cardiac event
from birth through age 40 years for the six individual KCNQ1 mutations
included in the study.

Ethnicity and Single Nucleotide
Polymorphisms

Genotype-phenotype relationships and risk fac-
tors for cardiac events in LQTS patients have been
the topic of much investigation.20–25 However, pre-
vious studies that have analyzed the variability in
disease expression and phenotype severity did not
assess the effect of ethnicity on outcome in LQTS
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Figure 3. Kaplan-Meier estimates of the probability of a first cardiac event
from birth through age 40 years by the biophysical functional effect of the mu-
tations.

patients. Modifier genes and/or environmental fac-
tors may differ among ethnic groups and may
explain why a given genotype confers variable sus-
ceptibility to cardiac arrhythmias in different eth-
nic groups. Thus, the identification of risk factors
among LQTS populations with similar mutations
may be important for risk-stratification in this ge-
netic disorder. Ethnic-specific polymorphisms on
the LQTS-related genes have been described in pre-

Table 3. Multivariate Analysis∗

95% Confidence
Variable Hazard Ratio Interval P Value

A. Risk of a first cardiac event by
ethnicity after adjustment for, gender,
QTc and time-dependent beta-blocker therapy

Japan:Caucasian 1.81 0.96–3.40 0.06
Female:Male 0.72 0.37–1.38 0.32
QTc>500:QTc≤500 ms 1.71 0.90–3.24 0.10
Beta-blockers no beta-blockers† 0.31 0.07–1.32 0.11

B. Risk of a first cardiac event by
ethnicity after further adjustment for
the biophysical function of the mutations

Japan:Caucasian 1.05 0.53–2.10 0.89
Dominant negative:haploinsufficiency 3.78 1.90–7.51 <0.001
Female:Male 0.76 0.39–1.49 0.43
QTc>500:QTc≤500 ms 1.50 0.78–2.90 0.22
Beta-blockers No beta-blockers† 0.33 0.08–1.40 0.13

∗The analysis involved 87 cases; 13 cases were omitted due to missing QTc values; virtually identical results were obtained when
analysis were repeating with censoring of patients upon implantation of an ICD.
†Beta-blocker therapy was analyzed as a time-dependent variable in the multivariate model.

vious reports.8–15,25–27 Notably, Ackerman et al.8

studied 744 healthy black, white, Asian and His-
panic subjects and reported 49 distinct amino acid-
altering variants of four LQTS-related potassium
channel genes. These findings reflect the genetic
diversity that may be a source of phenotype varia-
tion among different ethnic populations.

The evidence that certain polymorphisms on the
KCNQ1 gene may increase susceptibility to cardiac
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events has given credence to the concept of mod-
ifier genes. Kubota et al.13 identified six patients
that exhibited mild signs of LQTS as carriers of the
G643S polymorphism, which is found in approxi-
mately 11% of the Japanese population. Through
patch-clamp tests, it was found that this polymor-
phism, coexpressed with wild-type KCNQ1 and
KCNE1, conferred approximately a 30% reduction
in current. This same polymorphism has also been
associated with QT intervals that vary with gender
and age in Japanese subjects.26 In addition, ethnic-
specific SNPs have been recognized as important
in the correct diagnosis and clinical management
of LQTS suspected patients. In one report, a pre-
viously established KCNQ1 mutation, P488R, was
found to be a common polymorphism in 14% of
healthy Chinese volunteers after a healthy child of
a proband was mistakenly diagnosed with LQTS
while his undiagnosed brother was later found to
have a novel HERG mutation.27 Therefore, diagno-
sis based on genotyping requires correct discrim-
ination of genetic polymorphisms from pathologic
mutations, which may be confounded by ethnic ge-
netic variability.

It has been previously suggested that the ob-
served phenotypic differences between Caucasian
and Japanese LQTS patients may be attributed
to the effect of ethnic-specific common polymor-
phisms.25 Evidence from the current study suggests
that the clinical course of individual patients is de-
pendent on the biophysical function of their muta-
tions and is independent of ethnic origin. Japanese
patients possessed a larger proportion of dominant
negative mutations that are powerful and signifi-
cant predictors of outcome in both ethnic groups,
whereas the frequency of the lower-risk, hap-
loinsufficiency mutations, was significantly higher
among Caucasians. Accordingly, the risk of car-
diac events among the Japanese patients was higher
than among the Caucasians patients without adjust-
ment for mutation effect, whereas a similar ethnic
risk was shown when the biophysical functional
effect of the mutations was incorporated into the
multivariate model.

Notably, 42% of Japanese patients harbored the
dominant negative A341V mutation compared with
only 6% of Caucasian patients. The A341V mu-
tation has been associated with a severe clinical
course and early onset disease.12 Consistently, in
the current study we have shown that Japanese and
Caucasian patients who carried the A341V muta-
tion experienced the highest rate of cardiac events,

and at an earlier age, compared to the other five
shared mutations (Fig. 2). Eighty percent of the pa-
tients who were identified as carriers of the A341V
mutation had a cardiac event prior to age 20 years.
Therefore, our findings suggest that identification
of the functional effect of KCNQ1 mutations should
comprise a primary component in the risk stratifi-
cation and clinical management of LQT1 patients,
regardless of their ethnic origin.

Possible Gender-Related Phenotype
Variability in Japanese and Caucasian

Patients

A previous study from the International LQTS
Registry demonstrated an age-gender interaction in
LQT1 patients, in which the risk of cardiac events
is higher in males than females before adolescence,
with risk-reversal in the postadolescence period.20

Possibly due to sample size limitations, we did not
show an age-gender interaction in the two ethnic
groups in the current study population. However,
our secondary exploratory analysis suggests a pos-
sible gender-related difference in the functional ef-
fect of LQT1 mutation between the two ethnic
groups. Japanese males who possessed dominant
negative mutations had a significantly higher risk
of cardiac events than Japanese females with the
same mutations, whereas the effect of the domi-
nant negative mutations did not show a significant
gender-related difference in the Caucasian popula-
tion. These findings may be due to the fact that
Japanese patients with dominant negative muta-
tions experienced a relatively high rate of cardiac
events during childhood, a time-period that has
been shown to be associated with a higher risk
among LQT1 males.20 It is also possible that mod-
ifier genes affect gender differences in risk in the
two ethnic groups.

Limitations

The Japanese, United States, and the Nether-
lands’ LQTS Registries have similar enrollment cri-
teria. However, it is possible that higher risk pa-
tients were preferentially enrolled in the Japanese
registry, leading to an unbalanced mutation distri-
bution in the two ethnic groups. Therefore, the fre-
quencies of individual KCNQ1 mutations in differ-
ent ethnic groups need to be further assessed in
large population studies. Nevertheless, our findings
suggest that the risk associated with the biophysical
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function of a mutation in an individual is more im-
portant than the risk associated with his/her ethnic
origin.

The findings regarding gender differences in the
risk between the two ethnic groups should be re-
garded as secondary and preliminary due to sample
size limitations, and therefore need to be further
validated in future studies.

Conclusions and Clinical Implications

The growing data regarding identification of gene
defects in congenital LQTS has revolutionized our
understanding of the basic mechanisms underly-
ing QT prolongation and cardiac arrhythmias, and
raises the possibility of mutation-specific thera-
peutic intervention. The LQT1 genotype accounts
for approximately 50% of genotyped LQTS pa-
tients, and has shown to be associated with variable
clinical expression, incomplete penetrance,1 and
ethnic-specific phenotypic variation.25 Our find-
ings suggest that, regardless of ethnic origin, risk-
assessment in LQT1 patients should consider the
biophysical functional effect of the mutation in
an individual as an important determinant of out-
come.
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