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BACKGROUND Clinical risk factors identify subjects at risk of inci-
dent atrial fibrillation (AF) with only mediocre accuracy. Amplified 
P-wave duration (PWD) is a novel electrocardiographic (ECG) 
marker for conduction delay in atrial cardiomyopathy, which in 
turn is associated with AF.

OBJECTIVE This study aimed to assess whether amplified PWD can 
predict incident AF in the general population.

METHODS Amplified PWD was assessed manually on a signal- 
modified ECG in 2134 participants from the population-based 
Hamburg City Health Study. Incident AF during the 5-year follow- 
up was defined as the primary end point. Multivariable Cox regression 
models were constructed including significant clinical risk factors, 
ECG parameters, and transthoracic echocardiography parameters, 
and the predictive power for the primary end point was evaluated.

RESULTS Over a median follow-up of 5.5 years, 102 participants 
(4.8%) developed incident AF. The upper tertile of amplified PWD 
was the only significant ECG-derived predictor for incident AF (haz-
ard ratio [HR] 2.02; P 5 .010) in the multivariable ECG-based 

model, alongside age (HR 1.07; P 5 .013) and body mass index 
(HR 1.08; P 5 .003), after adjustment for significant clinical risk 
factors (concordance index 0.764). A comprehensive combined 
ECG/transthoracic echocardiography model achieved a concor-
dance index of 0.770, with age (HR 1.07; P 5 .020) and left atrial 
volume (HR 1.02; P 5 .020) remaining significant predictors.

CONCLUSION Amplified PWD as a novel ECG-based marker predicts 
incident AF in a population-based cohort and may provide a prag-
matic ECG-derived marker of atrial cardiomyopathy for risk assess-
ment beyond conventional risk stratification.

CLINICAL TRIAL REGISTRATION NCT03934957 (https://www. 
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Introduction
Atrial fibrillation (AF) and ischemic stroke are 2 closely 
related conditions with increasing prevalence and substantial 
socioeconomic burden.1,2 Fortunately, both conditions are 
amenable to a wide range of preventive and therapeutic op-
tions. Thus, early identification of individuals at risk of inci-
dent AF presents an opportunity to mitigate disease burden 
and improve outcomes.

Most commonly, disease prediction models rely on 
readily available clinical parameters for risk stratification. 
The CHA2DS2-VA score is the most widely used tool to pre-
dict the risk of ischemic stroke in patients with established 
AF, and its use has recently been extended for the prediction 
of incident AF and ischemic stroke in subjects without AF.3,4

By aggregation of clinical parameters, the CHA2DS2-VA 
score achieves moderate accuracy at minimal cost, yet, it 
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lacks the granularity required for risk prediction on an indi-
vidual level.5

Complementary to clinical risk prediction models, elec-
trocardiography (ECG)-based markers, such as P-wave ter-
minal force in V1 (PTFV1), P-wave duration (PWD), and 
advanced interatrial block (IAB), are emerging as valuable 
tools for the prediction of incident AF and ischemic 
stroke.6–8 This is grounded on the rationale that the P wave 
captures electrical and mechanical remodeling processes of 
the atria, which form the substrate for the manifestation of 
AF and the formation of atrial thrombi causing 
cardioembolic stroke.9

PWD reflects electrical conduction time across the atria 
and is prolonged in the setting of atrial remodeling. Of 
note, several studies report a nonlinear, parabolic connection 
with both abnormally long and short PWDs associated with 
AF and stroke.10,11 Our group has recently developed a novel 
method for measuring PWD based on a signal-amplified P- 
wave visualization. This technique specifically preserves 
low-amplitude parts of the P wave as a surrogate for 
advanced atrial remodeling, enabling a precise measurement 
without signal degradation.12,13 Analysis of amplified PWD 
demonstrated superior performance to conventional mea-
surements of PWD in identifying patients with AF based 
on their sinus rhythm ECG.14 However, the application of 
amplified PWD as a noninvasive screening tool in the gen-
eral population to identify individuals at risk is still pending.

This study aimed to evaluate the predictive utility of 
amplified PWD for incident AF in the Hamburg City Health 
Study, a large population-based cohort study.

Methods
Study population
The Hamburg City Health Study is a cohort project initiated 
by physicians and scientists from the University Medical 
Center Hamburg-Eppendorf. In total, approximately 
45,000 participants were recruited from the Hamburg gen-
eral population aged 45–74 years by random sampling 
from the official inhabitant data file.15 Recruitment took 
place between 2016 and 2022. An extensive description of 
the Hamburg City Health Study’s design and methodology 
has been published previously.15

Participants underwent a comprehensive baseline assess-
ment including anthropometric measures, echocardiography, 
and digital 12-lead ECG. During the first follow-up, medical re-
cords on major medical events including the time point of diag-
nosis were gathered. At the time of the present analysis, 
complete longitudinal follow-up information required for the 
current investigation was available for approximately 10,000 
participants. From this population, we analyzed the first 2212 
consecutively included participants with complete baseline dig-
ital ECG recordings and follow-up information without addi-
tional clinical preselection. After exclusion of participants 
with previous AF diagnosis and no sinus rhythm at baseline 
(Figure 1), the final study sample comprised 2134 participants.

The study complied with the ethical principles of the 
Declaration of Helsinki and was approved by the local ethics 
committee of the Landesaerztekammer Hamburg (State of 
Hamburg Chamber of Medical Practitioners, PV5131) and 
by the Data Protection Commissioner of the University Med-
ical Center of the University Hamburg-Eppendorf and the 
Data Protection Commissioner of the Free and Hanseatic 
City of Hamburg. The study has been registered at 
ClinicalTrial.gov (NCT03934957), and all participants pro-
vided a written informed consent before enrolment.

Amplified P-wave analysis
A digital 12-lead ECG was obtained for all participants at 
baseline using CARDIOVIT CS-200 Excellence, and conven-
tional, nonamplified PWD and PTFV1 were computed auto-
matically by SEMA Schiller AT-104 PC software (both 
from Schiller Medizintechnik GmbH, Baar, Switzerland).

For amplified PWD analysis, ECG raw data were used 
without further noise filtering to generate an averaged beat 
for each ECG lead to eliminate beat-to-beat P-wave vari-
ances and enhance the signal-to-noise ratio. Signal amplifi-
cation was performed at a gain of 80 mm/mV and a sweep 
speed of 175 mm/s for optimal visualization of late, low- 
amplitude components of the P wave. Further information 
on the ECG amplification method has been published previ-
ously.12 Amplified PWD was measured from the earliest 
initial deflection in any lead to the latest end in any lead 

Figure 1 Participant flowchart. Subjects from the Hamburg City Health 
Study were included in the analysis based on the outlined criteria. AF 5 
atrial fibrillation.

KEY FINDINGS

✠ Amplified P-wave duration as novel electrocardiogram- 
based biomarker predicts incident atrial fibrillation in 
the general population.

✠ Prolonged amplified P-wave duration is significantly 
associated with new-onset atrial fibrillation during a 
5-year follow-up period.

✠ Incorporating amplified P-wave duration improves risk 
stratification by the CHA2DS2-VA score for incident 
atrial fibrillation.
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and typically requires only a few seconds per ECG once the 
operator is trained. An example of the software interface 
illustrating amplified PWD measurement, including repre-
sentative examples of a short and a prolonged P wave, is pre-
sented in Figure 2.

Inferior leads II, III, and aVF were further evaluated for 
biphasicity (positive-negative deflection), and advanced 
IAB was defined as the presence of a biphasic P wave in 
all inferior leads. All measurements were performed by 2 
trained physicians blinded to all clinical and demographic in-
formation and outcome-related data.

Outcome
The primary end point consists of incident AF during follow-up. 
Diagnosis of incident AF was based on self-statements and 
medical records. In addition, we defined a composite end point 
consisting of incident AF and ischemic stroke during follow-up. 
Ischemic stroke events were identified based on self-reported in-
formation and medical records. In cases of 2 consecutive events, 
only the first event was considered in the time-to-event analysis. 
Because ischemic stroke events were not systematically adjudi-
cated by an independent end point committee and information 
on stroke etiology (eg, cardioembolic vs noncardioembolic) 
was incomplete, all stroke-related analyses are presented exclu-
sively in the Supplemental Material.

Statistical methods
Continuous data are displayed as median with first and third 
quartiles (Q1, Q3) or mean 6 standard deviation and 
compared using the Student t test. Categorical data are sum-
marized as absolute counts and percentages, with group 
comparisons performed using the �2 test.

Time-to-event survival probabilities were computed us-
ing the Kaplan-Meier method. In case the exact date of an 
end point event was unknown, its time point was approxi-
mated using mean imputation.

Univariable and multivariable Cox regression analyses 
were used to assess the association between clinical risk 
factors, ECG- and transthoracic echocardiography (TTE)– 
based parameters, and the primary end point. We con-
structed different multivariable model specifications to 
address potential confounding and to evaluate the incre-
mental value of amplified PWD in relation to structural 
atrial remodeling:

(1) An ECG-based multivariable model including clinical 
risk factors and ECG parameters

(2) A TTE-based multivariable model including clinical risk 
factors and LA volume

(3) A combined ECG/TTE model including clinical risk fac-
tors, ECG parameters, and LA volume

Results are reported as HRs and 95% confidence inter-
vals (CIs). A potential nonlinear relationship between 
PWD and the primary end point was assessed more in- 
depth with a Cox regression using polynomial splines. 
When analysis did not reveal a significant nonlinear 
component for amplified PWD, only linear effects of 
amplified PWD were assessed in further Cox regression. 
Model performance was evaluated using the Akaike infor-
mation criterion and the concordance index (C-index). 
Nested Cox models were compared by the likelihood ratio 
test.

Exploratory stroke analyses (Supplemental Material) 
were assessed separately owing to limited event numbers 
and lack of systematic adjudication.

Figure 2 Illustration of amplified PWD measurement. Digital 12-lead electrocardiogram recordings were automatically signal-averaged and displayed using 
amplified scaling (gain 80 mm/mV; sweep speed 175 mm/s). A: An example of a short amplified PWD (102 ms). B: A prolonged amplified PWD (142 ms). Vertical 
lines of the red-shaded area indicate the earliest onset and the latest offset of the amplified PWD across all leads used for measurement. PWD 5 P-wave duration.
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All tests with P , .05 were considered significant. Data 
processing and statistics were performed in R version 4.3.

Results
Demographic information at baseline
A total of 2134 subjects from the Hamburg City Health 
Study cohort were analyzed. During a median follow-up of 
5.5 years (Q1–Q3 4.5–6.0 years), incident AF was diagnosed 
in 102 participants (4.8%). The median time to AF diagnosis 
was 3.7 years (Q1–Q3 2.1–4.8 years).

Participants who developed incident AF were signifi-
cantly older (69.5 vs 65.4 years; P , .001) and had a higher 
body mass index (28.5 vs 26.5 kg/m2; P , .001). Coronary 
artery disease (14.0% vs 6.1%; P 5 .001), heart failure 
(12.7% vs 2.5%; P , .001), and a higher CHA2DS2-VA 
score (1.58 vs 1.00; P , .001) were more frequent among 
participants with incident AF (Table 1). Left atrial volume 
was significantly larger in participants who developed AF 
(62.4 vs 50.3 mL; P , .001). Regarding ECG parameters, 
amplified PWD was significantly longer in individuals who 
developed AF (130.9 vs 123.5 ms; P , .001) (Figure 3, 
left panel). The automatically computed PWD calculated 
by the Schiller algorithm showed only a modest difference 
(119.4 vs 116.1 ms; P 5 .017). Advanced IAB was more 
prevalent among AF cases (6.9% vs 1.4%; P 5 .001), 
whereas PTFV1 did not differ significantly between groups.

Follow-up
Kaplan-Meier estimates analyzing amplified PWD as a pre-
dictor for the primary end point are presented in the right 

panel of Figure 3. HRs are presented separately for each 
participant tertile with the shortest, intermediate, and longest 
amplified PWD. Univariable Cox regression demonstrated 
that longer amplified PWDs were associated with the pri-
mary end point with a 2% risk increase per 1 ms increment 
in PWD (95% CI 1.02–1.03; P , .001). The tertile of sub-
jects with the longest amplified PWD (→128 ms) exhibited 
a 143% risk increase (95% CI 1.65–3.59; P , .001) 
compared with the remainder of the cohort.

The upper tertile of amplified PWD remained the only inde-
pendent ECG-derived predictor of incident AF in a multivariate 
ECG-based Cox regression model incorporating ECG parame-
ters in addition to significant clinical risk factors with a 2.02- 
fold increased hazard (95% CI 1.18–3.45; P 5 .010) 
(Table 2). Age and body mass index also remained significant 
predictors, and the model achieved a C-index of 0.764.

To evaluate the independent association of amplified 
PWD with incident AF in relation to structural remodeling, 
we compared different multivariable model specifications. 
A comprehensive combined ECG/TTE model including 
clinical risk factors, ECG parameters, and left atrial volume 
achieved a C-index of 0.770. In this fully adjusted model, age 
and left atrial volume remained independently associated 
with incident AF (Table 2).

A TTE-based model including clinical risk factors and left 
atrial volume alone yielded a C-index of 0.751, with age and 
left atrial volume remaining significant predictors (Table 2).

Comparison of amplified and automated PWD
To evaluate a possible nonlinear relationship between ampli-
fied PWD and the primary end point, Cox regression with 

Table 1 Participant demographic and clinical characteristics

Characteristics All (N 5 2134) No AF (n 5 2032) Incident AF (n 5 102) P value

Age (y) 65.60 6 7.71 65.40 6 7.76 69.47 6 5.47 ,.001*
Male sex 983 (46) 927 (46) 56 (55) .066
Body mass index (kg/m2) 26.64 6 4.39 26.54 6 4.32 28.49 6 5.39 ,.001*
Diabetes mellitus 148 (7.1) 139 (7.0) 9 (9.0) .50
Smoking history 1358 (64) 1290 (64) 68 (67) .50
Coronary artery disease 137 (6.5) 123 (6.1) 14 (14) .001*
Myocardial infarction 86 (4.0) 78 (3.9) 8 (7.8) .064
Heart failure ,.001*

HFpEF 30 (2.1) 20 (1.5) 10 (13)
HFmrEF 30 (2.1) 27 (2.0) 3 (4.0)
HFrEF 4 (0.3) 4 (0.3) 0 (0)

CHA2DS2-VA score 1.03 6 0.91 1.00 6 0.89 1.58 6 1.08 ,.001*
LVEF (%) 58.63 6 4.95 58.66 6 4.95 58.04 6 5.00 .30
Left atrial volume (mL) 50.93 6 16.81 50.25 6 16.18 62.35 6 22.36 ,.001*
ECG markers

Amplified P-wave duration (ms) 123.80 6 15.23 123.45 6 14.90 130.87 6 19.47 ,.001*
Automated P-wave duration (ms) 116.29 6 16.07 116.13 6 15.38 119.38 6 26.24 .017*
Advanced interatrial block 36 (1.7) 29 (1.4) 7 (6.9) .001*
P-wave terminal force in V1 (mV ⨉

ms)
2395 6 2065 2396 6 2058 2382 6 2213 .80

Values are presented as mean 6 standard deviation and number (percentage). 
AF 5 atrial fibrillation; CHA2DS2-VA 5 congestive heart failure, hypertension, age →75, diabetes mellitus, stroke, vascular disease, and age →65; ECG 5 

electrocardiogram; HFmrEF 5 heart failure with mildly reduced ejection fraction; HFpEF 5 heart failure with preserved ejection fraction; HFrEF 5 heart failure 
with reduced ejection fraction; LVEF 5 left ventricular ejection fraction.
*Statistically significant.
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– Manual assessment of signal-amplified P-wave duration in 
   2,134 individuals from the general population 
– P-wave duration was evaluated as predictor of atrial fibrillation
– Upper third of subjects with the longest amplified P-wave duration 
   exhibited a  2.43-fold increased hazard for the composite 
   endpoint, p < .001 
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Figure 3 Frequency distribution of amplified PWD and incidence of atrial fibrillation stratified by PWD. Left: The frequency distribution of amplified PWD for 
participants with (red) and without (turquoise) an end point event. Participant count was normalized to the respective maximum frequency. Right: Kaplan-Meier event 
curves for the primary end point with participants split into 3 bins based on their amplified PWD. Results are displayed in blue, green, and red for participants with the 
shortest, intermediate, and longest amplified PWD. Per bin, amplified PWD range and mean are displayed; the table displays the count of participants at risk of the end 
point, with percentages given in brackets. AF 5 atrial fibrillation; Indiv 5 individuals; m 5 mean; PWD 5 P-wave duration; Tert 5 tertile; w/o 5 without.

Table 2 Multivariable Cox proportional hazards models with amplified PWD predicting atrial fibrillation

Variable

ECG model Echo model Combined model

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age 1.07 (1.01–1.13) .013* 1.08 (1.02–1.14) .006 1.07 (1.01–1.13) .020*
BMI (kg/m2) 1.08 (1.03–1.14) .003* 1.05 (0.99–1.11) .13 1.05 (0.99–1.12) .11
CHA2DS2-VA score 1.37 (1.00–1.88) .050 1.24 (0.88–1.76) .20 1.30 (0.91–1.87) .2
Heart failure 1.52 (0.70–3.28) .3 1.92 (0.89–4.15) .10 1.54 (0.68–3.49) .3
Left atrial volume (mL) 1.02 (1.01–1.04) .001* 1.02 (1.00–1.03) .020*
Amplified PWD, upper tertile 2.02 (1.18–3.45) .010* 1.60 (0.88–2.89) .12
Automated PWD, upper tertile 1.05 (0.61–1.80) .9 1.06 (0.59–1.90) .8
Advanced interatrial block 2.60 (0.80–8.48) .11 3.04 (0.91–10.2) .072
P-wave terminal force in V1 (mV ⨉ ms) 1.00 (1.00–1.00) .3 1.00 (1.00–1.00) .11
Model parameters
Likelihood ratio test P value ,.001* ,.001* ,.001*
AIC 879 787 723
C-index 0.764 0.751 0.770

AIC 5 Akaike information criterion; BMI 5 body mass index; CHA2DS2-VA 5 congestive heart failure, hypertension, age →75, diabetes mellitus, stroke, 
vascular disease, and age →65; CI 5 confidence interval; C-index 5 concordance index; ECG 5 electrocardiogram; HR 5 hazard ratio; PWD 5 P-wave duration.
*Statistically significant.
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polynomial splines was performed. The analysis revealed a 
linear relationship with a risk increase with longer amplified 
PWDs (linear effect P , .001; nonlinear effect P 5 .32) 
(Figure 4A). Of note, previous literature reports a parabolic 
relationship between automatically assessed PWD and AF, 
where extremely short P waves are also associated with an 
increased risk of AF.10 Therefore, we reperformed the previ-
ous analysis with the automated PWD computed by the 
Schiller algorithm, which revealed an increased risk of 
both abnormally short and prolonged automated PWDs 
(linear effect P 5 .36; nonlinear effect P , .001) 
(Figure 4B). We hypothesized that these divergent observa-
tions for short PWDs were caused by a lower performance of 
the Schiller algorithm to recognize late, low-amplitude com-
ponents of the P wave and biphasic P waves. To follow up 
this hypothesis, we focused on the 5% of participants with 
the shortest automated PWDs (Supplemental Table A.1). 
Although in the overall study population, amplified and auto-
mated PWD differed by a mean of 7.6 6 16.9 ms, in the 5% 
of individuals with the shortest automated PWDs, the corre-
sponding amplified PWDs were 35.3 ms longer (P , .001) 
(Supplemental Figure A.1A and A.1B). Inversely, the corre-
sponding automated PWDs in the 5% of individuals with 
shortest amplified PWDs were on average 1.3 ms shorter 
(P 5 .424) (Supplemental Figure A.1C).

Amplified PWD and risk of incident AF and 
ischemic stroke
In exploratory analyses, we evaluated the association between 
amplified PWD and the composite end point of incident AF 
and ischemic stroke. After exclusion of individuals with pre-
vious stroke or anticoagulant therapy at baseline, the 

composite end point occurred in 126 of 2054 participants 
(6.1%) during follow-up. Given that the analysis was 
restricted to the first occurrence of either event, the end point 
comprised 90 events of AF and 36 events of ischemic stroke.

Participants in the highest tertile of amplified PWD-
exhibited a significantly increased risk compared with 
the remainder of the cohort (HR 1.95; 95% CI 1.38–2.77; 
P , .001).Analyzing the contribution of each end point 
component revealed that the effect was mainly driven by 
the association between amplified PWD and incident AF 
(HR 1.03; 95% CI 1.01–1.04; P , .001), whereas there was 
no significant association between amplified PWD and 
ischemic stroke (HR 1.00; 95% CI 0.99–1.02; P 5 .75) 
(Supplemental Figure A.2).

Discussion
Early identification of people at risk of incident AF is of 
considerable relevance as (1) the risk of AF is modifiable 
through interventions such as lifestyle modifications, (2) sub-
jects at risk can undergo a targeted screening, and (3) a timely 
treatment initiation can avert disease complications and pro-
mote treatment success. In the present study, we demonstrated 
that amplified PWD as a noninvasive ECG-based diagnostic 
tool predicts incident AF during follow-up in a population- 
based cohort from the Hamburg City Health Study. Amplified 
PWD provides incremental predictive value beyond clinical 
risk stratification and is superior to other established P-wave 
indices in the prediction of incident AF.

PWD as a predictor for incident AF
Here, we find that the upper tertile of amplified PWD is asso-
ciated with a 143% risk increase for incident AF. Previous 
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literature demonstrated an association between a prolonged 
P wave and incident AF for various patient cohorts with pre-
vious cardiovascular disease.7,16,17 Although these studies 
were performed in high-risk populations, our results indicate 
that amplified PWD also serves as a useful screening marker 
for AF in the general population.

Surprisingly, some studies on PWD report also an 
increased risk of AF in subjects with markedly short 
PWDs.10,11 Although prolonged PWDs reflect atrial conduc-
tion delay owing to atrial dilation and fibrotic tissue transfor-
mation, it remains poorly understood why abnormally short 
PWDs would be associated with an increased risk of AF. In 
the present analysis, we were able to replicate this association 
when PWD was assessed using automated measurements. 
Notably, the association vanished when PWD was determined 
using a signal-amplified P-wave visualization designed to pre-
serve low-amplitude parts of the P wave. This may suggest 
that P-wave changes associated with relevant atrial remodel-
ing are inadequately captured by conventional PWD measure-
ment techniques. Although absolute differences in amplified 
PWD between participants with and without incident AF 
were modest, such small differences are expected in a pre-
dominantly healthy, population-based cohort with early or 
subclinical atrial disease. The clinical relevance of amplified 
PWD lies less in large absolute separation and more in its abil-
ity to unmask conduction abnormalities that may remain un-
detected with conventional automated measurements, 
thereby improving risk stratification in ranges where standard 
PWD has limited discriminatory power.

Reports on the association between PWD and ischemic 
stroke are more heterogeneous.18,19 Only recently, a systematic 
review reported no association between prolonged PWD and 
ischemic stroke for most studies on the matter.20 In line with 
this, amplified PWD does not predict the occurrence of 
ischemic stroke in this subpopulation from the Hamburg City 
Health Study. However, given the limited number of ischemic 
stroke events and the lack of systematic adjudication of stroke 
etiology, these findings should be interpreted cautiously.

ECG and TTE markers of atrial remodeling
In comparison with amplified PWD, advanced IAB and PTFV1 
are more established P-wave indices associated with an increased 
risk of AF, AF recurrences, and stroke.6–8,16,21 However, 
advanced IAB is a relatively rare ECG finding, which typically 
manifests only in advanced stages of atrial remodeling, limiting 
its utility as an early predictive marker. PWD presents a contin-
uous ECG parameter, for which a prolongation can already be 
observed during early stages of atrial remodeling.8,12,13 In our 
analysis, amplified PWD was the only ECG-derived marker 
that remained independently associated with incident AF after 
adjustment for relevant clinical risk factors in an ECG-based 
multivariable model, whereas automated PWD, advanced IAB, 
and PTFV1 did not retain independent significance.

Of note, PWD differs from clinical risk factors given that 
it is less of a risk factor than an early marker for incipient 
atrial remodeling. In line with this, PWD correlates with 

atrial low-voltage areas, reduced atrial contractility, and ep-
isodes of AF.22 Thus, amplified PWD may complement clin-
ical risk stratification by identifying individuals in whom 
atrial remodeling processes are already present.

Left atrial volume, assessed by TTE, was likewise a 
strong predictor of incident AF in the present study and re-
mained independently associated in the comprehensive com-
bined ECG/TTE model. The attenuation of the association 
between amplified PWD and incident AF after adjustment 
for left atrial volume suggests partial overlap between elec-
trical and structural markers of atrial remodeling.

Our findings indicate that both left atrial volume and 
amplified PWD represent relevant surrogate markers of atrial 
cardiomyopathy, reflecting complementary aspects of struc-
tural and electrical remodeling. Although TTE provides a 
direct assessment of atrial size and structure, an ECG- 
derived marker such as amplified PWD may offer practical 
advantages owing to the wide availability, standardization, 
cost-effectiveness, and operator independence of ECG 
compared with TTE. Accordingly, amplified PWD may pro-
vide clinically useful information, particularly in settings 
where TTE is not routinely available, and may represent a 
pragmatic and scalable marker for routine ECG-based risk 
stratification.

Limitations
This study used data from a prospective cohort study, and 
limitations arise from the observational nature of the trial. 
Incident AF was ascertained based on self-report and avail-
able medical records. Therefore, undetected asymptomatic 
AF cannot be excluded. Ischemic stroke events were not sys-
tematically adjudicated by an independent end point com-
mittee, and information on stroke etiology was incomplete. 
Accordingly, stroke analyses are underpowered and there-
fore presented exclusively as exploratory analyses in the 
Supplemental Material.

A limitation of amplified PWD is that it depends on 
manual measurement of the P wave, which may introduce 
observer variability and may hinder a widespread integration 
into clinical practice. Each P wave was measured by only 1 
physician so that no data on inter-rater reliability are avail-
able. However, investigators were blinded to any clinical 
data, and previous studies had demonstrated a low interob-
server variability.12 Nevertheless, automated measurement 
algorithms will be required for scalability and broader clin-
ical implementation.

Conclusion
Amplified PWD as a novel ECG-based marker predicts inci-
dent AF in a population-based cohort and might offer addi-
tional prognostic value beyond conventional risk 
stratification using clinical risk prediction models. There-
fore, amplified PWD may serve as a widely applicable 
screening tool to facilitate early identification of individuals 
at risk of AF and potentially prevent adverse clinical out-
comes.
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