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The 10-Year Prognosis and Prevalence
of Brugada-Type Electrocardiograms
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Background: Brugada syndrome is a disorder associated with sudden cardiac death and characterized by an abnormal
electrocardiogram (ECG). Previous studies were predominantly conducted in men, and the data on long-term prognosis
are limited. Information about women, especially elderly women, is lacking. Objective: The aim of this study was to
investigate the long-term prognosis of the Brugada ECG pattern in elderly women. Method: We investigated the
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10-year prognosis of the Brugada ECG pattern in elderly women in a nationwide community-based population in
Taiwan. Community-dwelling women older than 55 years were prospectively recruited from December 2008 to March
2013 by a stratified random sampling method. All enrolled individuals were followed up annually until April 2019, and
the cause of death was documented by citizen death records. Results: Among 2597 women, 60 (2.31%) had a
Brugada-type ECG, and this prevalence was higher than the mean global prevalence of 0.23%. One woman had a type
1 ECG (0.04%), whereas 15 (0.58%) and 44 (1.70%) women had type 2 and type 3 ECG patterns, respectively. Cox
survival analysis revealed that all-cause mortality and cardiac mortality were similar in the individuals with and without a
Brugada-type ECG during a mean follow-up of 96.1 + 20.5 months. Conclusions: Our findings suggest that Brugada
ECG patterns are not infrequent in elderly women but are not associated with increased risk of mortality in long-term
follow-up; these findings may help reduce unnecessary anxiety for physicians, nurses, allied health caregivers, and patients.

KEY WORDS: Brugada electrocardiogram, elderly, sudden cardiac death, women

udden cardiac death refers to an unexpected death

due to a cardiac cause within a short period in a person
with or without known heart disease.! The incidence rate
of sudden cardiac death is estimated to be 36 to 128 cases
per 100 000 population per year*™* and represents 6%
of all deaths globally.®> Although women have a lower
incidence of sudden cardiac death than men,® women still
constitute 30% to 40% of these deaths.”

Brugada syndrome (BrS) has been described as an
inheritable cardiac disorder characterized by a distinct
electrocardiogram (ECG) pattern consisting of a right
bundle-branch block with ST-segment elevation in V1,
V2, and V3 with a structurally normal heart and a high
susceptibility to sudden cardiac death.®® This disorder
is estimated to be responsible for at least 20% of sudden
deaths in patients with no clearly apparent structural heart
disease.'” BrS most commonly affects healthy men younger
than 40 years, with a mean age of sudden death of 41 =
15 years.'®!! Therefore, BrS not only remains an important
challenge in cardiology but can also result in a significant
psychological impact on patients and their families.'**

Brugada syndrome occurs more frequently in
Southeast Asia than in Western countries, with the prev-
alence of a Brugada ECG pattern (BrP) of approximately
0.12% versus 0.05%'%; however, epidemiological
studies regarding this syndrome in Southeast Asia are
rather limited. Brugada syndrome is 8 to 10 times more
prevalent in men than in women in Europe'® and has a
male/female ratio of approximately 15 to 1 in Japan'”
and 10 to 1 in Taiwan.'®'” In fact, most of the epidemi-
ological research on BrS to date has focused only on
men because most of available study candidates were
men.”® As a result, information regarding the clinical
course and prognosis of BrS in women is sparse. Previ-
ous studies have shown that women with BrS have less
frequent symptoms and spontaneous BrPs as compared
with men.*"*? Even though women are generally consid-
ered to be a clinically low-risk group, this low level of risk
does not translate into women having zero risk. More-
over, because men and women are fundamentally differ-
ent in terms of biology, we should not neglect the clinical
differences between men and women or attempt to as-
similate women's health into men's.

Although the mean age at onset of arrhythmic event
of patients with BrS is in the third or fourth decade,'®*>*
the initial symptoms can appear as early as the age of
1 year® and late as the age of 87 years.?® In Taiwan, 2
elderly-onset adult BrS cases have been identified previ-
ously, and the patients were 71 and 74 years old when
initial symptoms occurred.?” In the Survey on Arrhythmic
Events in Brugada Syndrome study,*® approximately 20%
of women with BrS exhibited their first arrhythmic events
at over 60 years of age. Therefore, diagnosis and screen-
ing of BrS should still be considered in middle-aged and
elderly people. Moreover, the prevalence of BrP in women
has not been investigated in community-based studies,
and information regarding the long-term prognosis of
women with Brugada-type ECG is not available. There-
fore, the aim of this study was to investigate the preva-
lence and 10-year prognosis of a spontaneous BrP in a
community-based female population.

Methods

Study Population and Participant
Recruitment Process

The study method has previously been described.”” Briefly,
our study candidates included 2597 women enrolled in
the Healthy Aging Longitudinal Study in Taiwan (HALST),
an ongoing population-based longitudinal study of adults
recruited from December 2008 to March 2013 and
followed up annually until the end of April 2019. The
recruitment process was as follows (see Figure, Supple-
mental Digital Content 1, http://links.lww.com/JCN/
A106, and Figure 1): adults living in the townships lo-
cated within 2 km of the study hospital in 7 regions
across Taiwan were stratified by age, gender, and edu-
cation level, and respondents were selected from each
stratum by the systematic random sampling method.
These 7 locations cover both urban and rural areas,
as well as different ethnic groups speaking different dia-
lects, representing the diverse sociodemographic character-
istics of the Taiwanese population. The eligibility criterion
was people aged 55 years or older, and exclusion criteria
were having a highly contagious infectious disease or se-
vere illness including malignancy undergoing active
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treatment, inability to ambulate, and institutionaliza-
tion or hospitalization. Subjects with severe hearing,
speech, mental, or cognitive impairments were also ex-
cluded because of their inability to answer questions ac-
curately. All of the study participants underwent home-
visit assessments that included interviewer-adminis-
tered questionnaires by the study nurses, and within
2 weeks after the home visit, they received a detailed his-
tory taking, a standardized physical examination per-
formed by board-certified physicians, and 3 serial ECG
examinations and laboratory examinations in the hospi-
tal. All of the data obtained by questionnaire were crossed-
checked with patient medical records. This long-term
follow-up study was reviewed and approved by the in-
stitutional review board of the National Health Research
Institutes in Taiwan and their participating hospitals, and
all participants provided written informed consent.

The demographic variables explored include age, ed-
ucational level, marital status, smoking status, alcohol
intake, physical activity, and medications including an-
tiarrhythmic drugs. Body height, body weight, and blood
pressure were recorded. Blood tests included a lipid profile
(total cholesterol, triglycerides, and high-density lipopro-
tein cholesterol), fasting glucose, and hemoglobin A ;..
Hypertension was defined by self-report, current use of
antihypertensive medication, systolic blood pressure
130 mm Hg or higher, or diastolic blood pressure
85 mm Hg or higher at home. Dyslipidemia was defined
by self-report, medication use, high total cholesterol
(>240 mg/dL) or triglyceride (>150 mg/dL) levels, or
reduced high-density lipoprotein cholesterol level (men,
<40 mg/dL; women, <50 mg/dL). Diabetes mellitus
was defined by self-report, medication use, or high
fasting plasma glucose (>126 mg/dl) or hemoglobin
A (>6.5%) level.
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Electrocardiogram Analysis and
Diagnostic Criteria

All study participants received 3 serial ECG examina-
tions at enrollment. These 12-lead ECGs were recorded
at 1-minute intervals using the standard settings of
10 mm/mV and 25 mm/s; PR, QRS, and corrected QT
intervals were automatically computed by the Bazett for-
mula. All ECGs were analyzed and interpreted by 2
independent cardiologists who were blinded to the par-
ticipants' clinical data. Those with old myocardial infarc-
tion, left bundle branch block, complete atrioventricular
block, or pacing rhythm on ECG were excluded from
the study. Because most previous epidemiologic studies
defined BrPs according to the criteria formalized by the
second consensus conference of the Heart Rhythm So-
ciety and the European Heart Rhythm Association,
we also applied the same criteria for BrPs in this study
for comparison between studies.'® Right precordial leads
(ie, leads V1-V3) of the resting 12-lead ECG were ana-
lyzed and the criteria for classifying BrPs into types 1 to 3
were as follows (see Figure, Supplemental Digital Content 2,

http:/links.Iww.com/JCN/A107):

1. Type 1 ECG has a coved-type ST-segment elevation with J
point elevation more than 0.2 mV, followed by a negative
T wave.

2. Type 2 ECG has a saddle-back type ST-segment elevation
with J point elevation more than 0.2 mV, followed by a
gradually descending ST-segment elevation more than
0.1 mV and a positive or biphasic T wave.

3. Type 3 ECG has either a saddle-back or coved appearance,
but with ST-segment elevation less than 0.1 mV.

10-Year Follow-Up and Outcomes

An annual follow-up telephone interview for any new
cardiovascular or frailty-related events was carried out

5380 residents 2 55-year-old from 7 communities across Taiwan were
recruited between Dec. 2008 and Mar. 2013 and underwent:
1. Questionnaire 2. Clinical and laboratory tests 3. EKG

452 were excluded:
—* 23 LBBB, 407 old MI, 5 LBBB with old MI, and 17
pacing rate

v

v

’ 2331 were males ‘ ‘ 2597 were females ‘

I

60 were BrP (+)

* A 4 ‘

2537 were BrP (-)

278 (11.0%) residents died on

1 was 15 were
Type 1 Type 2

44 were
Type 3

follow-up (96.1+20.6 mo)

! | !

| 9 (15.0%) residents died on follow-up (98.4£19.7 mo) ‘

FIGURE 1. Flowchart of study subject selection.
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by the study nurses for all study participants since the
initial enrollment in December 2008. Information on the
cause of death was confirmed by linking the database of
death records from the Taiwan Ministry of Health and
Welfare. We used International Classification of Diseases,
10th revision, codes to identify the cause of death and
defined cardiovascular death if the International Classi-
fication of Diseases code was 101-102, 105-109, 120-12.5,
127, or 130-I52 (see Supplemental Digital Content 3,
http://links.lww.com/JCN/A108).

Statistical and Survival Analysis

We used either a y* or a Fisher exact test to compare
categorical variables and 1-way analysis of variance for
continuous variables. Interobserver agreement was de-
termined by the overall proportion of agreement and by
using the  statistic using all ECGs. Survival curves were
plotted by the Kaplan-Meier method, and Cox regression
modeling and log-rank test were used for the comparison
of the difference in all-cause mortality and cardiovascular
mortality between study participants with and without
BrP. A 2-tailed P value less than 0.05 was considered
significant.

Results

Prevalence and Clinical Characteristics of
Women With a Brugada Electrocardiogram

Among 2597 healthy elderly women enrolled in the HALST
cohort, the prevalence of BrP was 2.310% (n = 60)
(Table 1). The overall proportion of agreement in the
diagnosis of Brugada-type ECG between the 2 interpreters
was 99.1%, with a x score of 0.95 (95% confidence in-
terval, 0.93-0.97). There were no significant differences
in age, height, hypertension, diabetes, dyslipidemia, pre-
vious events of stroke, and atrial fibrillation between those
with a BrP and those without. However, women with a
BrP tended to have lower body weight and lower body
mass index. Baseline ECGs showed no significant dif-
ferences in terms of PR interval, QRS duration, and
QTc between the 2 groups.

Long-Term Prognosis of Women With a
Brugada Electrocardiogram

During a mean follow-up of 96.1 = 20.5 months, a total
of 278 women without a BrP died, and 42 of these deaths
(1.7%) could be attributed to cardiac causes. On the other
hand, a total of 9 women with a BrP died, but none could
be attributed to cardiac causes. Both all-cause mortality
and cardiac mortality were not significantly different be-
tween the 2 groups (log-rank test, P = .42, Figure 2A,
and log-rank test, P = .30, Figure 2B, respectively).
Among those with BrP, 1 woman had a type 1 ECG
pattern (0.039%), 15 women had a type 2 ECG pattern
(0.578%), and 44 women had a type 3 ECG pattern

(1.694%) (Table 2). There were no significant differences
in age, height, hypertension, diabetes, dyslipidemia, pre-
vious events of stroke, and atrial fibrillation between those
without a BrP and those with different types of BrPs, ex-
cept for body weight [BrP type 1 < BrP type 2 < BrP type
3 < BrP (-); P < .001] and body mass index [BrP type
2 < BrP type 3 < BrP type 1 < BrP (-); P < .001]. The
baseline ECG showed no significant differences in terms
of PR interval, QRS duration, and QTc among these
4 groups. Two women with a type 2 ECG pattern and
7 women with a type 3 ECG pattern died on follow-up,
but all-cause mortality was not significantly different.

Summaries of Female Brugada
Electrocardiogram Patterns in
Community-Based Studies Worldwide

We summarized the prevalence of female BrPs in community-
based studies®**° worldwide in the supplementary file
(see Table, Supplemental Digital Content 4, http:/links.
Iww.com/JCN/A109). The prevalence of female type 1
ECG ranged from 0% to 0.258% in community-based
studies, and our investigation showed that the prevalence
was 0.039%, which is very close to the average worldwide
prevalence (0.036%). The prevalence of type 2 and type 3
ECG in our study was the highest among all the studies,
0.578% and 1.694%, respectively. Overall, the total
prevalence of female BrPs in our study was the highest
(2.310%), whereas that of other community-based
studies ranged from 0% to 0.954%, and the mean
worldwide prevalence was 0.226%.

Discussion

Twenty-eight years have gone by since BrS was reported
by Brugada et al® in 1992, and more than 4000 studies
related to BrS have been published. However, the data
on prognoses longer than 10 years are scarce and the
number of specific studies focusing on women is few,
resulting in limited evidence in this field. Extrapolation
of BrS outcomes in men to women is based on the false
assumption that men and women are identical. The health
and risks of women need to be recognized in order to
improve healthcare quality and treatment effectiveness.
To the best of our knowledge, this is the first study to
examine the prevalence and long-term prognosis of BrPs
in females worldwide.

Prevalence of Brugada-Type
Electrocardiogram

A type 1 ECG is the diagnostic cornerstone of BrS.*!
Similar to the mean global prevalence of 0.036 % (rang-
ing from 0% to 0.258% in community-based studies
worldwide), our investigation showed that the preva-
lence of spontaneous Brugada-type ECG in Taiwanese
women was 0.039%. Because symptoms of BrS often
occur in young and middle-aged populations, and the


http://links.lww.com/JCN/A109
http://links.lww.com/JCN/A109
http://links.lww.com/JCN/A109

L12\:11:% BN Clinical Characteristics and Prognosis
of Women With and Without a Brugada

Electrocardiogram Pattern in the Healthy Aging
Longitudinal Study in Taiwan Cohort

BrP (-) BrP (+)
(n=2,537) (n=60) P
Age, years 69.0+80 683+6.6 .560
Height, cm 153.0+5.8 153.5+6.0 .544
Weight, kg 576+94 515x78 <001
Body mass index, kg/m? 246+36 218+3.0 <.001
Systolic blood pressure, 129.0 + 125.8 + 221
mm Hg 194 20.8
Diastolic blood pressure, 69.7+ 680+11.2 .198
mm Hg 10.4
Hypertensive 930 (36.7) 21(35.0) 792
Diabetes mellitus 434 (17.1) 5(8.3) .073
Dyslipidemia 923 (36.4) 23(38.3) .756
Stroke 93(3.7) 1(1.7) 413
Atrial fibrillation 24.(0.9) 0(0) 449

ECG parameters

PR, ms 167.1+29.8 1616 £22.2 .067

QRS, ms 90.7+11.8 91.0+ 101 .839

QTc, ms 443.0+21.1438.8+20.7 120
Number of deaths

Cardiovascular death 42 (1.7) 0(0) 315

Noncardiovascular 236(9.3) 9 (15.0) 136

death

All-cause death 278 (11.0) 9 (15.0) 324

Data are presented as mean + SD or n (%).
Abbreviations: BrP, Brugada ECG pattern; BrP (-), Brugada ECG pattern
negative; BrP (+), Brugada ECG pattern positive; ECG, electrocardiogram.

participants in our study were elderly, this finding sug-
gests that the prevalence of younger women with type 1
ECG might be higher in Taiwan. Moreover, we reported
the highest prevalence of type 2 and type 3 ECG (0.578%
and 1.694%, respectively) among all community-based
studies. Our study also had the highest total preva-
lence of female BrPs (2.310%), whereas the world-
wide average was 0.226%. The prevalence of a non—
type 1 ECG pattern in women in Taiwan was even
higher than that in men in other community studies,**~**
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implying that most elderly women with BrS in the Han
Chinese population may carry a concealed form of BrS.
Although a definitive diagnosis of BrS does not include
type 2 and type 3 ECGs, these ECG patterns are consid-
ered suspicious for BrS, and these participants should be re-
ferred to cardiologists for further assessment to confirm
the possibility of having BrS and prevent sudden car-
diac death.

Clinical Characteristics of Women With
a Brugada-Type Electrocardiogram

In concordance with previous results reported for mixed
populations of men and women>*>® and those focused
on men only,*? our study adds further evidence that
women with BrP tended to have significantly lower body
mass index than those without (24.6 = 3.6 vs 21.8 = 3.0;
P <.001). This relationship between low body mass in-
dex and a BrP was also reported in the Japanese popu-
lation,* the Thai population,*’ and a Portuguese family
with BrS.*® The possible explanation is the elevated se-
rum thyroxin level in BrS, which decreases body weight,
leading to low body mass index, and up-regulates the
transient outward current of cardiac ion channels (Ito),
which is at the heart of BrS, causing the development
of BrP.*’>? Our study did not detect any difference in
ECG parameters, including PR interval and QRS duration,
between women with BrP and those without. In contrast,
Gallagher et al®® reported that PR interval and QRS dura-
tion were significantly longer in Brugada participants.
This discrepancy may be explained by the significant dif-
ferences in age and gender in the 2 studies. In Gallagher
etal's cohort, 90.8 % of participants were men, and none
of the 31 participants with BrPs were women. Also, the
mean age of healthy participants was 29.9 + 9 years and
that of participants with BrPs was 20.8 + 2.8 years. In our
study, 100% of participants were elderly women, with
a mean age of 69.0 = 8.0 in the no-BrP group and
68.3 = 6.6 in the BrP group.
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FIGURE 2. Kaplan-Meier survival analysis. (A) All-cause mortality in subjects with (n = 60) or without (n = 2,537) a Brugada elec-
trocardiogram (ECG) pattern. (B) Cardiovascular mortality in subjects with (n = 60) or without (n = 2,537) a Brugada ECG pattern.
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Li-2\:11: %28 Clinical Characteristics and Prognosis of Women in 4 Different Brugada Electrocardiogram

Pattern Groups in the Healthy Aging Longitudinal Study in Taiwan Cohort

Brugada-Type ECG

BrP (-) Type 1 Type 2 Type 3
(n=2,537) (n=1) (n=15) (n=44) P

Age, y 69.0+8.0 76.3 65.9+6.5 68.9+6.5 379
Height, cm 153.0+5.8 147.0 153.9+50 153.5+6.3 .638
Weight, kg 576+94 49.3 504 +6.2 519+84 <.001
Body mass index, kg/m? 246 +3.6 22.8 21220 22.0+33 <.001
Systolic blood pressure, mm Hg 129.0+19.4 123.0 1242 +253 126.4+19.6 .644
Diastolic blood pressure, mm Hg 69.7+10.4 66.5 66.8 +13.7 68.4+10.6 .586
Hypertensive 930 (36.7) 0 (0) 6 (40.0) 15(34.1) .856
Diabetes mellitus 434 (17.1) 0(0) 0(0) 5(11.4) 232
Dyslipidemia 923 (36.4) 0(0) 2(13.3) 21(47.7) .091
Stroke 93(3.7) 0(0) 0(0) 1(2.3) .839
Atrial fibrillation 24.(0.9) 0(0) 0(0) 0 (0) 903
ECG parameters

PR, ms 167.1+29.8 170.0 171.2+19.8 158.1+22.5 237

QRS, ms 90.7+11.8 106.0 93.6+11.7 89.8+93 409

QTc, ms 443.0+21.1 433.0 4343 +215 440.4 +20.7 332
Prognosis

Cardiovascular death 42 (1.7) 0(0) 0(0) 0(0) .799

Noncardiovascular death 236 (9.3) 0(0) 2(13.3) 7 (15.9) 461

All-cause death 278(11.0) 0(0) 2(13.3) 7(15.9) 733

Data are presented as mean + SD or n (%).

Abbreviations: BrP, Brugada ECG pattern; BrP(-), Brugada ECG pattern negative; ECG, electrocardiogram.

10-Year Prognosis of Women With
a Brugada-type ECG

To the best of our knowledge, this is the first study to test
the association between a Brugada-type ECG and its prog-
nosis in women on the basis of a long-term large-scale study.
Although BrS is one of the sudden cardiac death dis-
eases, epidemiological studies investigating the progno-
sis of women with a BrP are not available. Most previous
studies focused only on men or reported the results for the
sexes combined. In 2 exceptions, women made up most
of Tsuji et al's®® and Tsuneoka's*® studies (n = 10 662
[73%] and n = 6114 [59.8%], respectively], and some
of them were positive for a BrP, but the follow-up results
did not clarify the sex ratio for events, such as sudden
death or other kinds of mortality. None of the community
studies looked into the outcomes that specifically hap-
pened to women. Our research is the first community-
based study that targeted women only. We found that
participants with BrP had no cardiovascular deaths, in-
dicating BrPs found in elderly women were not associ-
ated with increased cardiovascular mortality during the
long-term follow-up period. Similar outcomes were re-
ported in the studies that enrolled 100% men.*>*? Our
results provide important findings for epidemiological
research and clinical practice, and further larger-scale
studies involving female cases should be conducted.

Summary of Clinical Implications

The ECG is a globally used, essential, inexpensive, and
noninvasive technique to detect electric abnormalities

of the heart. It is widely used in many clinical practices
during health check-ups, preoperation evaluations, and
assessment of patients with suspected or documented
heart disease. The world's population is aging; virtually
every country in the world is experiencing growth in the
number and proportion of older persons in its popula-
tion. Women generally live longer than men, so we expect
that the overall number of female patients will increase
in the near future. In this study, our findings suggested
that accidental BrPs were not infrequent in elderly women
but were not associated with increased risk of mortality
in long-term follow-up; these findings may help reduce
unnecessary anxiety for physicians, nurses, allied health
caregivers, and patients.

Limitations of the Study

There are some limitations in this study. First, all of our
study participants were older than 55 years old, and the
average age was higher than the mean age of patients
with BrS. This could underestimate the true prevalence
and outcomes of women with BrPs because some higher
risk women might have already died of sudden cardiac
death before enrollment. Second, spontaneous fluctua-
tions between diagnostic ECGs and nondiagnostic ECGs
occur frequently in patients with BrS.>* Our report was
based on the analysis of 3 serial 12-lead ECGs collected
for each woman at the beginning of the survey; thus,
our results might also underestimate the true prevalence
of Brugada-type ECGs in women. Third, the family his-
tory of sudden cardiac death and personal history of



What's New and Important

M The prevalence of middle-aged and elderly women with
Brugada-type ECGs in Taiwan was 2.31%, which was
higher than the mean global prevalence of 0.23%.

B There was no difference in all-cause mortality and
cardiac mortality in the women with or without
Brugada-type ECG during a mean follow-up
of 96.1 + 20.5 months.

syncope were not accessible in our study; therefore,
whether our study participants were truly asymptomatic
was unknown. Obviously, a longer follow-up study
with more ECG recordings and a thorough history tak-
ing for each individual is warranted to validate and ex-
tend our data.

Conclusion

The prevalence of BrPs is not rare in the women of Taiwan,
but middle-aged and elderly women with Brugada ECG
did not have an increased risk of mortality in long-term
follow-up. The benign natural phenomenon in this and
other studies indicates that prophylactic implantable
cardioverter-defibrillators are not recommended in this
patient group; however, studies with longer-term follow-
up should be conducted to validate and extend our findings.
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