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Aims: P-wave terminal force in lead Vi (PTFV1) is an electrocardiogram marker of increased left atrial pressure
and may be a noninvasive and early detectable marker for future cardiovascular events in the general population
compared to serum B-type natriuretic peptide (BNP) concentration. The clinical significance of PTFV1 in the
contemporary general population is an area of unmet need. We aimed to demonstrate the correlation between
PTFV1 and BNP concentrations in a contemporary representative Japanese population.

Methods: Among 2,898 adult men and women from 300 randomly selected districts throughout Japan (NIP-
PON DATA2010), we analyzed 2,556 participants without cardiovascular disease (stroke, myocardial infarction,
and atrial fibrillation). Elevated BNP was defined as a value of = 20 pg/mL based on the definition from the Jap-
anese Circulation Society guidelines.

Results: In total, 125 (4.9%) participants had PTFV1. Participants with PTFV1 were older with a higher preva-
lence of hypertension, major electrocardiographic findings, and elevated BNP concentrations (13.5 [6.9, 22.8]
versus 7.8 [4.4, 14.5] pg/mL; P<0.001). After adjustment for confounders, PTFV1 was correlated with elevated
BNP (odds ratio, 1.66; 95% confidence interval, 1.05-2.62; P=0.030). This correlation was consistent among
various subgroups and was particularly evident in those aged <65 years or those without a history of hyperten-
sion.

Conclusions: In the contemporary general population cohort, PTFV1 was independently related to high BNP
concentration. PTFV1 may be an alternative marker to BNP in identifying individuals at a higher risk of future
cardiovascular events in the East Asian population.
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cause of death worldwide in both men and women?.
There is considerable evidence that the onset of CVD
Cardiovascular disease (CVD) is the leading may be delayed or prevented through interventions
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Utility of PTFV1 in General Population

aimed at modifying risk factors for CVD?. Many
studies provide an evidence-based approach for risk
assessment to lower the high burden of these risk fac-
tors and CVD in the general population”.

P-wave terminal force in lead Vi (PTFV1) is a
12-lead electrocardiogram (ECG) marker of increased
left atrial pressure3), and it is a common finding in
apparently healthy middle-aged subjects?; it is associ-
ated with increased risk of atrial fibrillation (AF),
stroke, and death in populations with high cardiovas-
cular risk>®. Eranti et al. reported that PTFVi was
associated with increased risk of AF and death in the
general population?”; however, their subjects were
enrolled between 1966 and 1972, did not reflect the
contemporary living environment, and had insuffi-
cient baseline information to adjust for potential con-
founders. Thus, the clinical significance of PTFV1 in
the contemporary general population is an area of
unmet need.

Aim

Since the National Integrated Project for Pro-
spective Observation of non-communicable Disease
and its Trends in the Aged 2010 (NIPPON
DATA2010) cohort is currently in the process of
investigating participant prognosis, we aimed to dem-
onstrate the correlation between PTFV1 and B-type
natriuretic peptide (BNP) concentration in a contem-
porary representative Japanese population; the latter is
a known biomarker of left ventricular dysfunction and
has also been reported to be associated with incident
AFE stroke, and other major CVDs in both Western
and Asian populations®!'?. This is the first study to
investigate the correlation between these two biologi-
cal markers. Moreover, PTFV1 may have the potential
to be a noninvasive and earlier detectable marker for
future cardiovascular events in the general population
compared to serum BNP concentration. This study
will provide additional value in terms of evidence for
appropriate screening to identify those at high risk of
developing future cardiovascular events among healthy
individuals.

Methods

Study Population

NIPPON DATA2010 is a prospective cohort
study on CVDs established in 2010. The study was
performed in participants of the National Health and
Nutrition Survey of Japan in November 2010
(NHNS2010) and Comprehensive Survey of Living
Conditions in June 2010 (CSLC2010); these studies
were conducted by the Ministry of Health, Labor, and

Welfare of Japan. The details regarding NHNS2010
and CLSC 2010 have been reported previously'>'”.

In NHNS2010, 300 unit blocks throughout
Japan were randomly selected. Trained staff members
explained the aim and methods of NIPPON
DATA2010 to the 3,873 participants aged 20 years or
older who underwent blood examinations for
NHNS2010. A total of 2,898 participants (1,239 men
and 1,659 women; participation rate, 74.8%) subse-
quently responded to the survey for NIPPON
DATA2010, which included electrocardiographic
analysis, urinalysis, additional blood tests, and a ques-
tionnaire related to CVD. Staff obtained written
informed consent from all participants before enroll-
ment, and the Institutional Review Board of Shiga
University of Medical Science (No. 22-29, 2010) and
Keio University School of Medicine (20180108)
approved this study. All procedures performed in this
study were in accordance with the principles of the
declaration of Helsinki.

Among 2,898 adult men and women, 342 were
excluded for the following reasons: missing informa-
tion in the baseline survey (2=54), no data of 12-lead
ECG (n=76), a history of known myocardial infarc-
tion or stroke (z=116), specific ECG findings includ-
ing a moderate or severe Q-wave abnormality (Minne-
sota Code [MC] 1-1, 1-2), complete atrioventricular
block (MC 6-1), Wolff-Parkinson—White syndrome
(MC 6-4), AF or atrial flutter (MC 8-3-1 or 8-3-2),
or artificial pacemaker (MC 6-8) (7=96). The remain-
ing 2,556 participants were included in the present
study (Fig. 1).

ECG Examination

A standard 12-lead ECG was recorded in the
resting supine position. Each ECG record was manu-
ally read independently by two trained researchers
according to the MC'®. In cases where the coding
results mismatched, the central committee of ECG
reading adjudicated the codes. The main ECG find-
ings examined included left axis deviation (LAD; MC
2-1), right axis deviation (MC 2-2), left ventricular
hypertrophy (LVH; MC 3-1 to 3-4), repolarization
(ST depression) (MC4-1 to 4-4), T-wave abnormality
(MC 5-1 to 5-5), intraventricular conduction block
(MC 7-1-1 to 7-8), P-wave abnormalicy (MC 9-3-1
or 9-3-2), clockwise or counterclockwise rotation (MC
9-4-1 or 9-4-2), atrial premature complexes (MC
8-1-1 or MC 8-9-1), and ventricular premature com-
plexes (MC 8-1-2 or MC 8-9-2).

Moreover, two board-certified cardiologists (M.S
and S.K) who were blinded to any participant infor-
mation in a Working Group of ECG Coding manu-
ally read the finding of PTFV1 that is not defined in
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NIPPON DATA2010
N = 2,898

Exclusion

Missing baseline information, N = 54
* No ECG data, N =76
* History of stroke, N =75
* History of myocardial infarction, N = 41
* Specific ECG findings
- Moderate or severe Q-wave abnormality (MC1-1, 1-2), N = 64
- Wolff-Parkinson-White syndrome (MC6-4), N =5
- Atrial fibrillation or flutter (MC 8-3-1, 8-3-2), N = 22
- Pacemaker (MC 6-8), N =5

N = 2,556

Multivariable logistic regression analysis
PTFV,N =125 (4.9%) vs. No PTFV, N = 2,431

Fig. 1. Study flow chart

ECG indicates electrocardiogram; MC, Minnesota Code; and PTFV1, P-wave terminal force in lead V1.

Duration (ms)

N

Depth (mm)

Fig.2. Illustration of components of P-wave terminal force in

lead V1

the MC. PTFV:1 was calculated by multiplying the
depth and the duration of the terminal negative com-
ponent of the P-wave in lead Vi (mmxms)® .
Abnormal PTFV1 was defined as PTFV1 > 40 mm x
ms (Fig.2). The investigators were able to define
PTFV1 with confidence in most cases. In case of diffi-
cult diagnosis, mutual discussion eventually led to
agreement among the investigators. Several previous
studies have demonstrated excellent intra-rater and
moderate inter-rater reproducibility for manual calcu-
lations of P-wave indices® 2.

Baseline Examination

The baseline surveys were conducted by trained
health professionals at public health centers according
to a standardized manual. Height and weight were
measured in participants without shoes and with light
clothing. Body mass index (BMI) was calculated as
weight (kg) divided by the height squared (m?). A his-

tory of stroke and myocardial infarction was based on
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self-reports.

Baseline blood pressures were measured twice in
the right arm of seated participants by trained public
health nurses using a standard mercury sphygmoma-
nometer after 5 minutes of rest. The mean of the two
measurements was used in the present study. Hyper-
tension was defined as a systolic blood pressure of >
140 mmHg, a diastolic blood pressure of > 90 mmHg,
use of antihypertensive drugs, or any combination of
these'.

Casual blood samples were obtained for
NHNS2010. Serum was separated and centrifuged
soon after blood coagulation. Plasma samples were
collected into siliconized tubes containing sodium flu-
oride and shipped to a central laboratory (SRL, Tokyo,
Japan) for analysis'.

Plasma glucose was measured using the hexoki-
nase UV method, and hemoglobin Alc (HBAlc) was
measured using the latex agglutination inhibition
assay according to the standardized method of the
Japan Diabetes Society (JDS)'. In the present study,
the HbAlc value was converted into the National
Glycohemoglobin Standardization Program (NGSP)
value using the following formula: HbAlc (NGSP)
(%)=1.02xHbAlc (JDS) (%) +0.25. Diabetes melli-
tus was defined as a fasting blood glucose of > 126
mg/dL and/or a non-fasting blood glucose of = 200
mg/dL and/or HbAlc of > 6.5% and/or use of medi-
cation. If a blood sample was taken after > 8 hours of
fasting, it was defined as a fasting blood sample'®.

Serum triglyceride, total cholesterol, low-density
lipoprotein cholesterol, and high-density lipoprotein
(HDL) cholesterol levels were measured using enzy-
matic methods, which have been standardized by the
Center for Disease Control and prevention/United
States Collaborating Center for reference Method
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Laboratory Network?". Hypercholesterolemia was
defined as a low-density lipoprotein cholesterol level
of > 140 mg/dL and/or use of medication. Hypertri-
glyceridemia was defined as a triglyceride level of >
150 mg/dL and/or use of medication. Low HDL cho-
lesterolemia was defined as an HDL-cholesterol level
of <40 mg/dL. Dyslipidemia was defined as hyper-
cholesterolemia and/or hypertriglyceridemia with or
without low HDL-cholesterol.

Serum creatinine was measured enzymatically,
and plasma BNP was measured via chemiluminescent
enzyme immunoassay using MIO2 Shionogi BNP
(Shionogi Co. Ltd., Osaka, Japan). Information on
blood chemistry data measurements and their perfor-
mance has been described elsewhere?".

Spot urine samples were also collected and
shipped to the same laboratory as blood samples.
Urine creatinine and sodium and potassium were
measured enzymatically and by selective ion electrode
methods, respectively. Estimated 24-h urinary sodium
and potassium excretion were estimated using vali-
dated formulas®”. Urine albumin and protein were
measured using immune-nephelometry and pyrogallol
red methods.

Outcome Measurement

Till date, no studies have explored the appropri-
ate threshold levels of plasma BNP that indicate an
increased risk of the future development of cardiovas-
cular events in the general population. On primary
analysis, elevated BNP was defined as a value of > 20
pg/mL, based on the findings of previous publica-
tions” ¥ and the European Society of Cardiology and
Japanese guidelines® %. Sensitivity analyses were per-
formed using different BNP cut-offs (15, 17.5, 20,
30, 40, 50 pg/mL) to confirm the robustness of our
result.

Statistical Analysis

First, we compared the baseline characteristics of
those with and without PTFV1. Normality of contin-
uous variables was tested with the Shapiro—Wilk test
and/or Q-Q plot visual assessment, and continuous
variables with normal distributions were expressed as
mean (standard deviation), and other variables were
expressed as median [25% and 75" percentile]. Differ-
ences were compared using Student’s #~ or Mann—
Whitney U tests for continuous variables and the
Pearson x? or Fisher’s exact tests, as appropriate, for
categorical variables.

Second, we performed multivariable logistic
regression analysis to determine the correlation
between PTFV: and elevated BNP. In the logistic

regression model, adjustment was made in models 1

and 2. In model 1, we adjusted for age and sex. In
model 2, we adjusted for covariates of model 1 along
with BMI, hypertension, diabetes mellitus, dyslipid-
emia, smoking category (never smoker, ex-smoker,
and current smoker, with “never smoker” as reference),
drinking category (never drinker, ex-drinker, and cur-
rent drinker, with “never drinker” as reference), serum
creatinine, estimated 24-h urinary sodium excretion,
and major ECG findings, such as LVH, LAD, and
repolarization changes. These variables were deter-
mined according to their clinical relevance and statis-
tical significance in correlation with the elevated BNP.

Finally, we performed a subgroup analysis strati-
fied by age (cut-off: 65 years), sex, BMI (cut-off: 22),
presence of hypertension, use of antihypertensive
drugs, drinking category, and presence of major ECG
finding (LVH) to demonstrate the robustness of our
finding,.

All P-values were two-sided. Results were consid-
ered statistically significant at 2<0.05. All statistical
analyses were performed with R 3.4.1 (Foundation for
Statistical Computing, Vienna, Austria).

Results

Overall, the mean age of the cohort was 57.8
(15.9) years, and 40.7% were men. Among the 2,556
participants, 125 (4.9%) had PTFV.. Table 1 sum-
marizes the baseline characteristics of the study cohort
stratified according to the presence of PTFV1. Partici-
pants with PTFV1 were older and had a higher pro-
portion of hypertension, major ECG findings (LVH,
LAD, and repolarization change), and BNP concen-
tration (13.5 [6.9, 22.8] pg/mL versus 7.8 [4.4, 14.5]
pg/mL; P<0.001). Table 2 shows the correlation
between PTFV1 and elevated BNP concentrations
using a pre-specified different cut-off. Participants
with PTFV1 had a higher prevalence of elevated BNP
than those without PTFV1.

Multivariable logistic regression analysis revealed
that PTFV1 was independently correlated with ele-
vated BNP (odds ratio [OR], 1.66; 95% confidence
interval [CI], 1.05-2.62; P=0.030) (Table 3). The
correlations between PTFV1 and elevated BNP con-
centrations were consistent across all subgroups using
different BNP cut-offs (Table 4). Fig.3 shows the
results of the subgroup analyses, representing the OR
of PTFV1 for elevated BNP; it demonstrates that
PTFV1 was consistently correlated with elevated BNP
concentrations. The impact of PTFVi on elevated
BNP was more evident in younger participants (age
<65 years; OR: 3.74; 95% CI: 1.78-7.86; P<0.001)
and in those with no history of hypertension (OR:
2.505 95% CI: 1.14-5.47; P=0.022). The probability
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Table 1. Baseline characteristics of the study population

P-wave terminal force P-wave terminal force

in lead V1 (+) in lead Vi (-)
n=125 n=2,431 P value
Age 664 (11.7) 57.3 (16.0) <0.001
Male 60 (48.0) 980 (40.3) 0.093
BMI 23. 4( 5) 23.1 (3.4) 0.306
Regular exercise (%) 45 (36.0) 805 (33.2) 0.560
Smoking (%) 0.898
Ex-smoker 22 (17.6) 442 (18.2)
Current smoker 21 (16.8) 373 (15.4)
Drinking (%) 0.616
Ex-drinker 1(0.8) 47 (1.9)
Current drinker 61 (48.8) 1243 (51.3)
Systolic blood pressure, mmHg 140 (18.4) 131 (19.5) <0.001
Diastolic blood pressure, nmHg 0(11.6) 79 (11.1) 0.716
Hypertension (%) 2 (65.6) 1099 (45.2) <0.001
Hypertensive medication (%) 5 (44.0) 557 (22.9) <0.001
Diabetes mellitus (%) 8 (14.4) 238 (9.8) 0.128
HbAlc (NGSP) (%) 5.76 [5.55, 6.006] 5.66 [5.35, 5.96] <0.001
Hypercholesterolemia (%) 40 (32.0) 848 (34.9) 0.573
Low HDL cholesterolemia (%) 7 (5.6) 153 (6.3) 0.902
Creatinine, mg/dL 0.71 [0.57, 0.82] 0.66 [0.57, 0.80] 0.076
Hemoglobin, g/dL 13.9 [12.8, 14.7] 13.6 [12.7, 14.6] 0.177
Estimated urine sodium, meq/day 170 [147, 205] 172 [149, 197] 0.736
BNP, pg/mL 13.5 (6.9, 22.8] 7.8 [4.4, 14.5] <0.001
Left axis deviation (%) 7 (5.6) 61 (2.5) 0.046
Left ventricular hypertrophy (%) 6 (29.0) 335 (13.9) <0.001
Repolarization change (%) 4 (19.4) 221 (9.2) 0.001
Complete right bundle branch block 5 (4.0) 65 (2.7) 0.390

Values are mean (SD) or median [25" and 75" percentiles] or 7 (%). BMI indicates body mass index; BNP, B-type natriuretic peptide;
HbA1lc, hemoglobin Alc; HDL, high-density lipoprotein; and NGSP, National Glycohemoglobin Standardization Program.

Table 2. The correlation between P-wave terminal force in lead V1 and elevated B-type natriuretic peptide concentrations
using different cut-off

P-wave terminal force P-wave terminal force

in lead V1 (+) in lead V1 (-)

n=125 n=2,431 Pvalue
BNP > 15 pg/ml (%) 55 (44.7) 561 (23.8) <0.001
BNP > 17.5 pg/ml (%) 47 (38.2) 451 (19.1) <0.001
BNP > 20 pg/ml (%) 41 (33.3) 358 (15.2) <0.001
BNP > 30 pg/ml (%) 18 (14.6) 180 (7.6) 0.009
BNP > 40 pg/ml (%) 12 (9.8) 94 (4.0) 0.004
BNP > 50 pg/ml (%) 9(7.3) 66 (2.8) 0.010

BNP indicates B-type natriuretic peptide.

values for interaction between PTFV1 and age as well
as between PTFV1 and history of hypertension on ele-
vated BNDP were 0.015 and 0.258, respectively. Other
probability values for interaction are shown in Fig. 3.

Discussion

The major finding of this study was that 1)
almost 5% of participants had PTFV1 in a contempo-
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Table 3. Odds ratios of P-wave terminal force in lead V1 for the primary outcome
(B-type natriuretic peptide = 20 pg/ml)

OR (95% CI) P value
Unadjusted 2.80 (1.89-4.14) <0.001
Model 1 1.85 (1.20-2.86) 0.005
Model 2 1.66 (1.05-2.62) 0.030

CI indicates confidence interval; and OR, odds ratio.

Model 1. Adjusted for age and sex.

Model 2. Adjusted for covariates of Model 1 plus body mass index, hypertension, diabetes mel-
litus, dyslipidemia, smoking category (never smoker, ex-smoker, current smoker, with “never
smoker” as a reference) drinking category (never drinker, ex-drinker, and current drinker, with
“never drinker” as a reference), serum creatinine, estimated 24-h urinary sodium excretion,
and major electrocardiogram findings, such as left ventricular hypertrophy, left axis deviation,

and repolarization change.

Table 4. Adjusted odds ratio of P-wave terminal force in lead V1 for high B-type natriuretic peptide concentrations using different

cut-off

BNP > 15 pg/ml BNP > 17.5 pg/ml

BNP > 20 pg/ml

BNP > 30 pg/ml  BNP > 40 pg/ml  BNP > 50 pg/ml

OR (95% CI) 1.60 (1.05-2.44) 1.55 (1.00-2.39)

1.66 (1.05-2.62)

1.15 (0.62-2.13)  1.62 (0.78-3.35) 1.62 (0.71-3.70)

Adjusted for covariates of Model 2 shown in Table 3.

BNP indicates B-type natriuretic peptide; CI, confidence interval; and OR, odds ratio.

Subgroup OR (95% CI) P value
Age 2 65 1.11 (0.63—1.96) 0.719
Age < 65 3.74 (1.78—7.86) <0.001
Male 1.87 (0.95—3.70)  0.072
Female 1.50 (0.80—2.83)  0.207
BMI 2 22 1.54 (0.85—2.78) 0.156
BMI < 22 1.69 (0.79—3.57) 0.174
Hypertension + 1.41 (0.80—2.50) 0.240
Hypertension - 2.50 (1.14—5.47)  0.022
Antihypertensive drug + 1.69 (0.84—3.41) 0.139
Antihypertensive drug - 1.70 (0.91—3.19)  0.099
Current Drinker 1.65(0.84—3.28) 0.149
Past or Never Drinker 1.57 (0.83—2.97) 0.162
LVH + 2.26 (0.95—5.40) 0.066
LVH - 1.41 (0.81—2.46) 0.228

0.50

PTFV, Significant Interaction
—— 0.015
i
" 0.663
i
—_.—
0.923
= L
—f—.—
. 0.258
=
- 0.861
™
- 0.791
: -
0.299
: |
1 5

Odds Ratio (95% Confidence Interval)

Fig.3. Adjusted odds ratios of P-wave terminal force in lead V1 for high B-type natriuretic peptide con-
centrations (B-type natriuretic peptide = 20 pg/mL) in various subgroups

The covariates have been described in the legend for Table 3.

BMI indicates body mass index; LVH, left ventricular hypertrophy; and PTFV1, P-wave terminal force in lead V1.

rary general population, and 2) PTFV1 was indepen-
dently related to high BNP concentrations. Notably,
the correlation between PTFV1 and high BNP con-
centrations was more evident in individuals aged <65
years. PTFVi may be an alternative marker to BNP
for identifying patients at a higher risk of future car-
diovascular events in the modern-day East Asian pop-
ulation.

PTFVi reflects left atrial abnormalities associated
with left atrial pressure, size, atrial conduction pattern,
and left ventricular diastolic dysfunction ?. The prog-
nostic impact of PTFV1 on cardiovascular outcomes
has been established among high-risk second preven-
tion populations® ® ?Y. Liu et al. also demonstrated
that PTFV1 was associated with cardiac death or hos-
pitalization for heart failure in prior myocardial infarc-
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tion patients'”. However, till date, the clinical signifi-

cance of PTFV1 in the general population is less well
established. Eranti ez al. reported that PTFV:i was
associated with increased risk of AF and death in the
general population?; however, their subjects were
enrolled between 1966 and 1972, did not reflect the
contemporary living environment, and showed insuf-
ficient baseline characteristic information to adjust for
potential confounders. Thus, the clinical significance
of PTFV1 in the contemporary general population is
an area of unmet need. Our study contributes to a
growing body of literature on the clinical significance
of PTFV1 in the contemporary general population.

There are several potential explanations for the
correlation between PTFVi1 and elevated BNP. First,
PTFV: may be an early manifestation of increased
intra-atrial pressure and left ventricular diastolic dys-
function?. In cases of left atrial remodeling and early
diastolic dysfunction, left ventricular filling pressure
rises without clinical manifestations; this may lead to
clevated BNP*. Another potential explanation is that
PTFV1 may reflect a left atrial overload, which may be
associated with an increased risk of future incidence of
AFE Several studies have reported that AF is associated
with elevated BNP in the general population®® #7.
These findings suggest that PTFV1 could be a surro-
gate marker of elevated BNP or indicate a prodromal
stage.

The use of screening ECG in healthy individuals
is controversial. The United States preventive services
Task Force recommends against screening with resting
or exercise ECG to prevent cardiovascular events in
asymptomatic adults at low risk of cardiovascular
events®®. However, the current evidence to assess the
balance of benefits and harms of screening with ECG
in asymptomatic adults with intermediate or high car-
diovascular risk is insufficient. Similarly, the American
College of Cardiology/American Heart Association
guidelines provide ECG with class Ila recommenda-
tions for cardiovascular risk assessment in asymptom-
atic adults with hypertension or diabetes”. In Japan,
screening ECGs are recommended as part of the
worksite annual health checkup and are mandated for
all employees under legal regulations on industrial
safety and health. Moreover, mass health screening,
including ECGs, is provided to most community
dwellers in Japan®”. The reason for this inconsistency
is partly due to a lack of studies assessing the impact
of frequently seen but non-specific ECG findings such
as PTFVi. Major ECG findings including left atrial
enlargement, LVH, LAD, and repolarization change,
demonstrated statistically significant association with
long-term cardiovascular outcomes®” *V; however,
these are clinically negligible findings due to their
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scarcity. Our study demonstrated that PTFV1, a pre-
cursor finding of left atrial enlargement, is frequently
observed on ECG, and has an additive and clinically
meaningful impact. Moreover, the correlation between
PTFV:1 and BNP was consistent even among subjects
without a history of hypertension or major EGG find-
ings; this may justify the performance of ECG screen-
ing in an apparently healthy population. On a 12-lead
ECG, the PTFV1 may be a useful marker for identify-
ing individuals at a higher risk of future cardiovascular
events, particularly in countries where ECGs are com-
monly performed in the general population.

Several studies have shown a significant associa-
tion between plasma BNP and N-terminal pro-BNP
levels and cardiovascular events in the general popula-
tion*'* %Y. However, the appropriate threshold levels
of plasma BNP that indicate an increased risk of
future cardiovascular events in the general population
with no cardiovascular history remain controversial.
The Framingham study conventionally applied a sin-
gle cut-off (the 80" percentile) to examine the associa-
tion between high BNP levels and cardiovascular
events”. Linssen et al. demonstrated that N-terminal
pro-BNP levels of >87.5 pg/mL were associated with
all-cause mortality and CV events in the general pop-
ulation; they also observed a gradual increase in the
risk of mortality and CV events with increasing levels
of NT-proBNP, without a clear cut-off'”. Nakamura
et al. showed that the adjusted HR was significantly
increased from the ninth plasma BNP decile in men
and the tenth decile in women'?. For reassurance, we
confirmed the robustness of our results using several
cut-offs.

The findings of this study should be interpreted
in the context of some limitations and considerations.
First, due to the nature of an observational study,
some unmeasured or unmeasurable variables may have
influenced the outcomes; however, the robustness of
our results was confirmed through several statistical
analyses. Moreover, no studies have identified the
appropriate threshold levels of plasma BNP that indi-
cate an increased risk of future development of cardio-
vascular events in the general population; therefore,
further studies must be conducted to evaluate the
association between PTFV1 and the longitudinal out-
comes. However, considering the magnitude of the
effect of elevated BNP on long-term major adverse
cardiovascular and cerebrovascular events, we believe
our results contribute to a growing body of literature

on the utility of PTFV1.

Conclusion

In this contemporary general population cohort,
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PTFV1 was found to be independently related to high
BNP concentrations. PTFV1 on a 12-lead ECG may
be a noninvasive, simple, and useful marker to iden-
tify individuals at a higher risk of future cardiovascular
events in the modern-day East Asian population.
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