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Morphology-voltage-P-wave-duration (MVP) score combining P-wave duration (PWD),
P-wave voltage in lead I (PWVI), and interatrial block (IAB) has been demonstrated to
predict atrial fibrillation (AF). Therefore, this study aimed to examine MVP score and its
P-wave components as potential predictors of AF screening effects on stroke prevention.
This was a secondary analysis of the LOOP Study (Atrial Fibrillation detected by Continu-
ous ECG Monitoring using Implantable Loop Recorder to prevent Stroke in High-risk Indi-
viduals) which randomized older persons (aged 70 to 90 years) with additional stroke risk
factors to either continuous monitoring with implantable loop recorder and anticoagula-
tion upon detection of AF episodes ≥6 minutes (the intervention group), or usual care. A
total of 5,759 participants were included in the present analysis, where PWD, PWVI, and
IAB were determined through a computerized analysis of 12-lead electrocardiogram and
further employed to calculate baseline MVP score (0 to 6) for each participant. In total,
305 (5.3%) had stroke or systemic embolism during follow-up, with a higher risk in the
group with MVP score 5 to 6 than those having score 0 to 2 (hazard ratio (HR) 1.54 [95%
confidence interval (CI) 1.01 to 2.35]). This risk increase was mainly upheld by partici-
pants with IAB (HR 1.62 [95% CI 1.11 to 2.36] for IAB vs no IAB) and with longer PWD
(HR 1.37 [95% CI 1.07 to 1.75] for >110 vs ≤110 ms). Compared with usual care, implant-
able loop recorder screening did not significantly reduce the risk of stroke or systemic
embolism in any MVP risk categories (HR 0.80 [95% CI 0.60 to 1.08] for MVP score 0 to
2, 0.54 [95% CI 0.16 to 1.85] for MVP score 3 to 4, and 0.89 [95% CI 0.35 to 2.25] for
MVP score 5 to 6; pinteraction = 0.78). In conclusion, a higher MVP score was associated
with an increased stroke risk, but it did not demonstrate an association with effects of AF
screening on stroke prevention. These findings should be considered hypothesis-generating
and warrant further study. © 2023 The Author(s). Published by Elsevier Inc. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
(Am J Cardiol 2023;205:457−464)
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Atrial fibrillation (AF), as the most common sustained
cardiac arrhythmia, is a well-known risk factor for
stroke.1,2 Due toadvancing technology for heart rhythm
monitoring and growing evidence on high prevalence of
asymptomatic AF,3,4 a substantial interest has arisen in
screening for AF. However, data on health benefits from
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Table 1

Morphology-Voltage-P-wave-duration (MVP) risk score

Variable Value Score

P-wave duration <120 ms 0

120−140 ms 1

>140 ms 2

P-wave voltage in lead I >200 mV 0

100−200 mV 1

<100 mV 2

P-wave morphology in inferior leads no interatrial block 0

partial interatrial block 1

interatrial block 2

The P-wave parameters were assessed using data from baseline 12-lead

458 The American Journal of Cardiology (www.ajconline.org)
AF screening and the optimal screening strategies are
scarce.4,5 Morphology-Voltage-P-wave-duration (MVP)
risk score that combines 3 P-wave parameters is a newly
proposed risk stratification tool and has demonstrated to
predict AF in different patient populations.6−8 Indeed,
many measured parameters from the P-wave in a 12-lead
electrocardiogram (ECG) have been identified and proved
their value in AF prediction previously.9−15 Therefore, this
risk score might also be useful in risk-stratifying for AF
screening and subsequent preventive treatment. In this
study, we sought to examine the MVP risk score and its P-
wave components for prediction of AF and stroke as well as
AF screening effects.
electrocardiogram. Interatrial block was defined as P-wave duration

≥120 ms combined with the presence of biphasic P-wave (positive-nega-

tive) in any inferior lead, whereas partial interatrial block was defined as P-

wave duration ≥120 ms with monophasic positive P-waves in inferior leads.
Methods

The LOOP study (Atrial Fibrillation detected by Contin-
uous ECG Monitoring using Implantable Loop Recorder to
prevent Stroke in High-risk Individuals) was a randomized,
controlled trial to assess AF screening by long-term contin-
uous ECG monitoring using implantable loop recorder
(ILR). The trial was registered at Clinical-Trials.gov (iden-
tifier: NCT02036450) and approved by the local scientific
ethics committee (H-4-2013-025) and Danish Data Protec-
tion Agency. All study participants gave oral and written
informed consent at enrolment. Details of the study design
and methods have been published previously.16,17 In short,
AF-naı̈ve persons aged ≥70 years and with ≥1 additional
stroke risk factor — hypertension, diabetes mellitus, heart
failure, or previous stroke — were recruited from the gen-
eral population and randomized in a ratio 1:3 to ILR screen-
ing or usual care. The participant recruitment was done at 4
centers in Denmark between January 31, 2014 and May 17,
2016. Upon inclusion, a standard 12-lead ECG was digitally
recorded in all participants at rest. In the ILR group, any
new-onset AF episodes lasting ≥6 minutes were adjudi-
cated by at least 2 cardiologists independently and oral anti-
coagulation was recommended upon confirmation of AF
diagnosis. In the control group, data on AF diagnosis were
extracted from the medical records.

In this secondary analysis, we included the LOOP partic-
ipants with available 12-lead surface ECG at baseline and
further excluded those who had an ECG with non-sinus
rhythm or other findings unsuitable for measurement of P-
wave parameters — including ectopic atrial rhythm, junc-
tional rhythm, ventricular rhythm, undetermined rhythm,
second-degree and third-degree atrioventricular block, and
delta-wave — using the Marquette 12SL ECG Analysis
Program (version 23). To estimate an overall MVP ECG
risk score for each participant at baseline, point allocation
(0 to 2) was conducted based on the P-wave morphology in
the inferior leads, and the voltage and duration of the P-
wave from 12-lead ECG; Table 1. The information about P-
wave duration (PWD), P-wave voltage in lead I (PWVI),
and interatrial block (IAB) was extracted from the comput-
erized analysis of baseline 12-lead ECGs (see Supplemen-
tary Methods for more details). The MVP score ranges
from 0 to 6, where 0 to 2 is classified as low AF risk, 3 to 4
as intermediate AF risk, and 5 to 6 as high AF risk.6

The primary outcome in the present study was a compos-
ite of stroke or systemic embolism (SE), whereas the
secondary outcomes were (1) ischemic stroke, (2) the com-
posite of stroke, SE, or cardiovascular death, and (3) AF
diagnosis. The adjudication of stroke, SE, and death was
conducted by a blinded clinical endpoint committee as pre-
viously described.17

For statistical analysis, the study participants were
divided into different prespecified groups according to
MVP risk scores (0 to 2 vs 3 to 4 vs 5 to 6), PWD
(<120 vs 120 to 140 vs >140 ms), PWVI (<100 vs 100
to 200 vs >200 mV), and IAB patterns at baseline (no
IAB vs partial IAB vs IAB), separately. Baseline charac-
teristics are presented as mean with standard deviation
(SD) for continuous variables and frequency with per-
centage for categorical variables. The distributions were
compared by Student t test and chi-square test, respec-
tively.

For the study outcomes, crude event rates were calcu-
lated as annual incidence rates with Poisson regression and
are presented as events per 100 person-years with (95%
confidence interval), whereas cumulative incidences are
plotted using the Aalen-Johansen estimator with death as a
competing event. The associations of outcomes with MVP
score and its P-wave components were investigated using
multivariate cause-specific Cox regression models —
adjusted for gender, age, body mass index, weekly alcohol
consumption, smoking pack years, and baseline co-morbid-
ities (hypertension, diabetes mellitus, previous stroke, heart
failure, valvular heart disease, chronic ischemic heart dis-
ease, and peripheral artery disease) — and are presented as
hazard ratio (HR) with (95% confidence interval). PWD
and PWVI were further assessed as continuous variables
using restricted cubic spline regression in the multivariate
Cox models, where the relative risks were estimated with
the 5th percentile as reference.

The effects of ILR screening vs usual care were eval-
uated according to MVP score, PWD, PWVI, and IAB
in cause-specific Cox regression models, whereas the
interactions between randomization and the respective
parameters were tested by adding an interaction term
into the models. The ILR screening effects were also
examined according to PWD and PWVI as continuous
variables using restricted cubic spline regression to esti-
mate separate effects on the log hazards of the outcomes
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Table 2

Overview of baseline characteristics according to Morphology-Voltage-P-wave-duration (MVP) risk group

Low risk

(n = 5130)

Intermediate

risk (n = 346)

High risk

(n = 283)

Total

(n = 5759)

p-value

Male sex (%) 2,606 (50.8) 211 (61.0) 191 (67.5) 3,008 (52.2) < 0.001

Age, years (standard deviation) 74.6 (4.1) 75.2 (4.4) 75.4 (4.3) 74.7 (4.1) < 0.001

Alcohol consumption, standard units per week (standard deviation) 7 (8) 9.7 (9.2) 9.1 (9.1) 7.2 (8.1) < 0.001

Smoking pack years (standard deviation) 16.7 (23.2) 17.3 (23) 19.3 (24.7) 16.9 (23.2) 0.17

Body mass index, kg/m2 (standard deviation) 27.6 (4.5) 27.6 (4.6) 28.8 (4.6) 27.6 (4.5) < 0.001

CHA2DS2-VASc score (standard deviation) 3.8 (1.2) 3.7 (1.3) 3.7 (1.3) 3.8 (1.2) 0.71

Co-morbidities (%)

Hypertension 4,636 (90.4) 323 (93.4) 257 (90.8) 5,216 (90.6) 0.18

Diabetes mellitus 1,473 (28.7) 73 (21.1) 79 (27.9) 1,625 (28.2) 0.010

Congestive heart failure 222 (4.3) 12 (3.5) 14 (4.9) 248 (4.3) 0.64

Previous stroke 901 (17.6) 61 (17.6) 48 (17.0) 1,010 (17.5) 0.97

Chronic ischemic heart disease 659 (12.8) 42 (12.1) 45 (15.9) 746 (13.0) 0.30

Valvular heart disease 206 (4.0) 15 (4.3) 11 (3.9) 232 (4.0) 0.95

Peripheral artery disease 134 (2.6) 16 (4.6) 3 (1.1) 153 (2.7) 0.02

Concomitant medications (%)

Beta-blockers 1,282 (25.0) 91 (26.3) 71 (25.1) 1,444 (25.1) 0.86

Calcium channel blockers 1,914 (37.3) 122 (35.3) 109 (38.5) 2,145 (37.2) 0.67

Non-dihydropyridine calcium channel blocker 116 (2.3) 7 (2.0) 10 (3.5) 133 (2.3) 0.36

Digitalis 5 (0.1) 0 (0.0) 2 (0.7) 7 (0.1) 0.01

Renin-angiotensin system inhibitors 3,391 (66.1) 226 (65.3) 196 (69.3) 3,813 (66.2) 0.52

Diuretics 1,716 (33.5) 103 (29.8) 87 (30.7) 1,906 (33.1) 0.26

Platelet inhibitors 2,484 (48.4) 154 (44.5) 143 (50.5) 2,781 (48.3) 0.27

Statins 3,008 (58.6) 187 (54.0) 157 (55.5) 3,352 (58.2) 0.16

Insulins 415 (8.1) 18 (5.2) 24 (8.5) 457 (7.9) 0.15

Non-insulin antidiabetic drugs 1,108 (21.6) 57 (16.5) 53 (18.7) 1,218 (21.1) 0.05

ECG parameters

P-wave duration, ms (standard deviation) 89.8 (19.6) 125.7 (5.1) 128.2 (7.6) 93.9 (21.9) < 0.001

P-wave voltage in lead I, mV (standard deviation) 62.6 (37.8) 82.5 (34.3) 67.1 (26) 64 (37.4) < 0.001

Interatrial block (%) < 0.001

No interatrial block 5,130 (100.0) 0 (0.0) 0 (0.0) 5,130 (89.1)

Partial interatrial block 0 (0.0) 278 (80.3) 4 (1.4) 282 (4.9)

Interatrial block 0 (0.0) 68 (19.7) 279 (98.6) 347 (6.0)

Risk category assignment was based on estimated MVP score at baseline, where score 0 to 2 classified as low risk, 3 to 4 as intermediate risk, and 5 to 6 as

high risk. Interatrial block was defined as P-wave duration ≥120 ms combined with the presence of biphasic P-wave (positive-negative) in any inferior lead,

whereas partial interatrial block was defined as P-wave duration ≥120 ms with monophasic positive P-waves in inferior leads.

Missing observations: alcohol consumption, n = 3; body mass index, n = 1.

Arrhythmias & Conduction Disturbances/MVP Score and AF Screening 459
in each randomization group. The analyses for screening
effects were performed in accordance with the intention-
to-treat principle.

Scaled Schoenfeld residuals were applied to assess the
Cox proportional-hazard assumption, and any variables vio-
lating this were treated with stratification to allow different
baseline hazards. All data analyses were conducted using R
version 4.1.0 (The R Foundation for Statistical Computing,
Vienna, Austria). The statistical significance was set at a 2-
sided p value ≤0.05.
Results

Of all LOOP study participants (n = 6,004), 245 (4.1%)
were excluded from this secondary analysis due to missing
baseline ECG (n = 40) or ECG with findings unsuitable for
measurement (n = 205). The final study population com-
prised 5,759 participants, with a mean follow-up time of
5.2 years (SD, 1.1). Most of them (89.1%) had an MVP risk
score of 1 to 2, whereas no participant was assigned a score
of 0 (Supplementary Figure 1). Baseline characteristics
according to AF risk categories based on MVP score are
listed in Table 2. Participants with higher MVP score were
slightly older, more likely to be male, and had a higher
weekly alcohol consumption and a higher body mass index.
There was no difference in mean CHA2DS2-VASc (conges-
tive heart failure, hypertension, age≥75 years [2 points],
diabetes, stroke/thromboembolism [2 points], vascular dis-
ease, age 65-74 years, gender category [female]) score
across these 3 risk categories, and the same was true for
most baseline cardiovascular co-morbidities.

Of 5,759 participants included, 305 (5.3%) had stroke/
SE during follow-up. When comparing AF risk categories
in the entire study cohort, the event rate of the primary out-
come was numerically higher in the intermediate-risk group
(1.11 [0.68 to 1.71] per 100 person-years) and the high-risk
group (1.67 [1.07 to 2.49] per 100 person-years) than in the
low-risk group (1.00 [0.88 to 1.13] per 100 person-years),
but only the risk increase in the high-risk group reached the
statistical significance (HR 1.54 [1.01 to 2.35]); Figure 1.
Similar observations were made for the secondary outcome
of ischemic stroke, with a significantly higher event rate in



Figure 1. Hazard ratios of clinical outcomes according to MVP score and P-wave parameters. The figure shows the relative risks of stroke/SE, ischemic

stroke, and stroke/SE/cardiovascular death according to P-wave duration, P-wave voltage in lead I, IAB, and MVP risk categories. Hazard ratios were deter-

mined in multivariate cause-specific Cox regression models adjusted for gender, age, body mass index, alcohol consumption, smoking pack years, hyperten-

sion, diabetes mellitus, previous stroke, heart failure, valvular heart disease, ischemic heart disease, and peripheral artery disease. MVP scores 0 to 2 were

classified as low risk, 3 to 4 as intermediate risk and 5 to 6 as high risk. IAB was defined as P-wave duration ≥120 ms combined with the presence of biphasic

P-wave (positive-negative) in any inferior lead, whereas partial IAB was defined as P-wave duration ≥120 ms with monophasic positive P-waves in inferior

leads. For P-wave voltage in lead I no participant had a voltage >200 mV.
CI = confidence interval; IAB = interatrial block; MVP score = Morphology-Voltage-P-wave-duration score; SE = systemic embolism.
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the high-risk group than in the low-risk group (HR 1.68
[1.09 to 2.59]). The event rates for the composite endpoint
of stroke/SE/cardiovascular death were non-significantly
increased in the intermediate-risk and high-risk group. The
event rates and HRs of the clinical outcomes are listed in
Table 3, whereas the cumulative incidences are plotted in
Supplementary Figure 2.

Among the P-wave components of the MVP risk score,
the presence of IAB was consistently associated with signif-
icantly increased risks of stroke/SE (HR 1.62 [1.11 to
2.36]), ischemic stroke (HR 1.79 [1.22 to 2.64]), and
stroke/SE/cardiovascular death (HR 1.42 [1.03 to 1.95]) in
the entire cohort, compared with no IAB; Figure 1. For P-
wave voltage, participants with PWVI <100 mV were at
significantly lower risks of ischemic stroke and stroke/SE/
cardiovascular death than those with higher PWVI (HR
0.68 [0.50 to 0.94] and 0.77 [0.59 to 0.99], respectively).
The same association patterns were present when PWVI
was assessed as a continuous variable; Figure 2. For PWD,
the risk increases of stroke/SE, ischemic stroke, and stroke/
SE/cardiovascular death were nonsignificant in participants
with PWD of 120 to 140 ms and with PWD >140 ms, com-
pared with those having a duration <120 ms. When exam-
ined as a continuous variable, the risks of stroke/SE and
ischemic stroke clearly demonstrated a positive correlation
with PWD, as illustrated in Figure 2. Further exploration
with a cutoff of PWD >110 ms revealed significantly higher
risks of stroke/SE (HR 1.37 [1.07 to 1.75]) and ischemic
stroke (HR 1.39 [1.06 to 1.81]) than those with shorter dura-
tions; Supplementary Table 1.

During follow-up, AF was diagnosed in 446 (30.8%) of
1448 participants in the ILR group and 505 (11.7%) of
4,311 participants in the control group. In the ILR group,
participants with MVP score 5 to 6 were more likely to
develop AF than those with score 0 to 2 (HR 1.82 [1.31 to
2.53]). When considering each of the P-wave components
separately, PWD >140 ms, PWVI <100 mV, and the
presence of IAB were all associated with increased AF risk
in the ILR group (HR 6.08 [2.44 to 15.12], 1.96 [1.39 to
2.76] and 1.70 [1.25 to 2.31], respectively). Similar trends
were present in the control group; Supplementary Table 2.
To further assess AF as a potential mediator for the associa-
tions of the clinical outcomes with MVP risk categories and
its P-wave components, a sensitivity analysis was per-
formed by treating incident AF as a competing event during
follow-up. As presented in Supplementary Table 1 and Sup-
plementary Table 3, these associations remained of similar
magnitude in the multivariate Cox model when censoring
for AF.

Figure 3 depicts the screening effects according to the
MVP risk score and its P-wave components. There were no
significant interactions between ILR screening effects and
MVP risk categories, PWD categories, PWVI categories, or
IAB patterns; pinteraction>0.05 for all. ILR screening did not
significantly reduce the risks of stroke/SE, ischemic stroke,
and stroke/SE/cardiovascular death in any participant
groups regardless of MVP risk score, PWD, PWVI, or the
presence of IAB. Similar results were obtained when PWD
and PWVI were analyzed as continuous variables; Supple-
mentary Figure 3.
Discussion

This is the first study to assess ECG parameters for pre-
diction of AF screening effects on stroke prevention. In an
older population with additional stroke risk factors, our
study yielded 2 main findings: (1) higher MVP ECG risk
score, longer PWD, and the presence of IAB in 12-lead
standard ECG were associated with increased risks of AF
and stroke, whereas subjects with lower PWVI — despite a
higher risk of AF development — were at lower stroke risk;
and (2) neither MVP risk score nor its P-wave components
separately could predict effects of ILR screening for sub-
clinical AF.
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There is mounting evidence that subclinical AF also con-
fers an increased stroke risk,3,18 but data confirming health
benefits from AF screening are scarce.4,5 Only 2 random-
ized clinical trials have so far examined AF screening for
stroke prevention. The primary analysis of the LOOP study
showed a nonsignificant reduction in stroke risk by ILR
screening,16 whereas the STROKESTOP (Systematic ECG
Screening for Atrial Fibrillation Among 75 Year Old Sub-
jects in the Region of Stockholm and Halland, Sweden)
study assessing intermittent ECG screening for 2 weeks in a
general population reported a marginal reduction of the
composite endpoint of stroke, major bleedings, and death,
without significant effects on any of these outcomes sepa-
rately.19 Still, large knowledge gaps exist within this
research field, especially when it comes to identifying those
to screen. In this regard, 12-lead surface ECG could poten-
tially be of great value to guide clinical decision-making, as
ECG parameters are easily accessible and more impor-
tantly, alterations of many of these parameters have been
linked to an increased risk of AF development.10−15

MVP ECG risk score is a newly proposed risk stratifica-
tion tool encompassing the presence of IAB, the voltage,
and the duration of P-wave in 12-lead ECG to assess AF
risk.6 Of these, PWD and IAB are well-documented risk
markers for AF in large epidemiological cohorts,11−14 while
PWVI is a relatively new P-wave parameter where low
voltage had been demonstrated to be associated with both
new-onset AF in patients with ischemic heart disease and
with AF recurrence in patients who underwent ablation.9,10

In line herewith, an association was found between MVP
score and AF risk in earlier studies.6−8 Indeed, our study
also confirms that participants with higher MVP scores
were at higher risk of AF development, which could poten-
tially explain the increased stroke risk in these participants.
This increase in stroke risk further appeared to be upheld
by those with IAB and with longer PWD in baseline 12-
lead ECG, supporting previous research that linked PWD
and IAB to ischemic stroke.12,13,20 However, an interesting
observation from our study was the lower stroke risk in par-
ticipants with reduced PWVI despite a significantly higher
AF risk. A low PWVI in standard ECG is believed to indi-
cate compromised interatrial conduction through Bach-
mann’s bundle — the same mechanism proposed to
underlie IAB, as a previous study by Park et al9 reported
displacement of interatrial conduction in AF patients with
low PWVI using electro-anatomical mapping. Therefore,
reduced PWVI was hypothesized to also be a risk marker
for ischemic stroke. Nevertheless, our rather contradictory
results point toward a limitation of using PWVI for risk
stratification to AF screening. Indeed, P-wave voltage may
also reflect myocardial mass in atria beyond the electrical
conduction and notably, a previous study demonstrated
right atrial enlargement in AF patients to be independently
associated with cardiovascular events including stroke.21

Thus, this could be a reason for the discrepancy between
AF and stroke risk with respect to PWVI, but further studies
are needed to provide more insights into the pathophysio-
logical mechanisms for PWVI alteration.

Albeit the significant associations with both AF and
ischemic stroke, the effects of ILR screening on stroke pre-
vention did not change with MVP risk scores, PWD, or



Figure 2. The associations of clinical outcomes with P-wave duration and voltage. The figure shows the risks of stroke/SE, ischemic stroke, and stroke/SE/

cardiovascular death as a function of P-wave duration (A) and P-wave voltage in lead I (B), respectively. Hazard ratios were estimated with the fifth percentile

as reference, in multivariate cause-specific Cox regression models adjusted for gender, age, body mass index, alcohol consumption, smoking pack years,

hypertension, diabetes mellitus, previous stroke, heart failure, valvular heart disease, ischemic heart disease, and peripheral artery disease. The dashed lines

represent 95% confidence intervals.

SE = systemic embolism.
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IAB patterns in the present study. As in the main reporting
of the LOOP Study,16 the screening effects were also neu-
tral in participants with higher MVP risk scores, with longer
PWD, and with IAB. The lack of response on AF screening
despite higher stroke rate could be explained partly by our
findings that the associations of ischemic stroke with MVP
score and its P-wave components were seemingly not medi-
ated by incident AF. Indeed, if the P-wave parameters were
not risk markers for specifically AF-related stroke, these
would neither be useful for identifying persons more likely
to benefit from AF screening. This is arguably consistent
with a previous finding by Ahlberg et al22 showing a stron-
ger genetic association of left atrial size with cardioembolic
stroke than with AF. Our results further support the notion
of atrial cardiomyopathy representing atrial remodeling that
manifests in electrical, contractile and/or structural changes
and acting as the major driver for both AF development and
cardioembolic stroke.4,23 In this context, PWD alterations
and the presence of IAB in 12-lead ECG could be potential
markers of atrial cardiomyopathy that might predispose to
ischemic stroke even in the absence of AF. This could spec-
ulatively have diluted the effects of AF screening and sub-
sequent preventive treatment in our study. Nonetheless, the
precise definition of atrial cardiomyopathy and the confir-
mation of its necessity for medical treatment is still war-
ranted and require more evidence from prospective
trials.4,23

The present study has several limitations. First, the
results of this secondary analysis should be considered
solely as hypothesis-generating. Second, the sample size

www.ajconline.org


Figure 3. Screening effects according to MVP risk score and P-wave parameters. The figure shows the relative risks of stroke/SE, ischemic stroke, and

stroke/SE/cardiovascular death for ILR screening vs usual care (control), stratified by P-wave duration, P-wave voltage in lead I, IAB, and MVP risk score,

respectively. Hazard ratios were determined in cause-specific Cox regression models, where p values for interaction were estimated by adding an interaction

term between randomization assignment and the respective parameter. MVP scores 0 to 2 were classified as low risk, 3 to 4 as intermediate risk and 5 to 6 as

high risk. IAB was defined as P-wave duration ≥120 ms combined with the presence of biphasic P-wave (positive-negative) in any inferior lead, whereas par-

tial IAB was defined as P-wave duration ≥120 ms with monophasic positive P-waves in inferior leads. For P-wave duration, the 2 upper categories were

merged due to very low event number and hereby infinite hazard ratio coefficient in the participant category with a duration >140 ms. For P-wave voltage in

lead I no participant had a voltage >200 mV.
CI = confidence interval; IAB = interatrial block; ILR = implantable loop recorder; MVP score = Morphology-Voltage-P-wave-duration score; SE = systemic

embolism.
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might have limited the power of our study to detect those
small associations. Third, the participant recruitment from
outside the hospital setting could have led to healthy user
bias. Fourth, our study population comprised older persons
aged 70 to 90 years and of mainly Caucasian ethnicity,
which might have limited the applicability of our findings
to other age groups and other ethnicities.

In conclusion, in an older population with additional
stroke risk factors, both the P-wave parameters and the
combined MVP risk score assessed from 12-lead ECG were
associated with ischemic stroke, but these did not demon-
strate an association with effects of AF screening on stroke
prevention. Indeed, their associations with ischemic stroke
were not mediated by incident AF, which might be a reason
for the failure to predict screening effects. These findings
should be considered hypothesis-generating and warrant
further study.
Declaration of Competing Interest

Jesper Hastrup Svendsen reports to be a member of Med-
tronic advisory boards and to have received speaker hono-
raria and research grants from Medtronic in relation to this
work and outside this work. Søren Diederichsen reports
being a part-time employee of VitalBeats and adviser at
Bristol-Myers Squibb/Pfizer, not related to this work. Derk
Krieger reports to be a Medtronic Focus Group member.
Jonas Bille Nielsen reports being an employee of Regen-
eron Pharmaceuticals outside this work. Axel Brandes
reports research grants from The Region of Southern Den-
mark and The Region of Zealand, The Canadian Institutes
of Health Research, and Theravance, speaker honoraria
from Bayer, Boehringer Ingelheim, and Bristol-Myers
Squibb, and a travel grant from Biotronik not related to this
work. Lars Køber reports speaker honoraria from Novo,
AstraZeneca, Novartis, and Boehringer, not related to this
work. The other authors have no competing interests to
declare.

Acknowledgments

We thank Dan Atar (Oslo University Hospital Ulleva
�
l,

Norway) and Ma
�
rten Rosenqvist (Karolinska Institutet and

Danderyd Hospital, Sweden) for their contribution in the
international advisory committee of the LOOP Study. We
thank the research nurses and other colleagues in the
Departments of Cardiology at Rigshospitalet, Bispebjerg
and Frederiksberg Hospital, Zealand University Hospital,
and Odense University Hospital who assisted with the con-
duct of the LOOP Study.
Supplementary materials

Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/j.
amjcard.2023.08.042.

1. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent
risk factor for stroke: the Framingham study. Stroke 1991;22:983–988.

2. Lip GYH, Lane DA. Stroke prevention in atrial fibrillation: a system-
atic review. JAMA 2015;313:1950–1962.

3. Healey JS, Connolly SJ, Gold MR, Israel CW, Van Gelder IC, Capucci
A, Lau CP, Fain E, Yang S, Bailleul C, Morillo CA, Carlson M, The-
meles E, Kaufman ES, Hohnloser SH, ASSERT Investigators. Sub-
clinical atrial fibrillation and the risk of stroke. N Engl J Med
2012;366:120–129.

4. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomstr€om-
Lundqvist C, Boriani G, Castella M, Dan GA, Dilaveris PE, Fauchier
L, Flippatos G, Kalman JM, La Meir M, Lane DA, Lebeau JP, Lettino
M, Lip GYH, Pinto FJ, Thomas GN, Valgimigli M, Van Gelder IC,
Van Putte BP, Watkins CL, ESC Scientific Document Group. 2020
ESC guidelines for the diagnosis and management of atrial fibrillation

https://doi.org/10.1016/j.amjcard.2023.08.042
https://doi.org/10.1016/j.amjcard.2023.08.042
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0001
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0001
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0002
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0002
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0003
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0003
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0003
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0003
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0003
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0004
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0004
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0004
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0004
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0004
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0004
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0004


464 The American Journal of Cardiology (www.ajconline.org)
developed in collaboration with the European Association for Cardio-
Thoracic Surgery (EACTS). Eur Heart J 2021;42:373–498.

5. United States Preventive Services Task Force, Davidson KW, Barry
MJ, Mangione CM, Cabana M, Caughey AB, Davis EM, Donahue
KE, Doubeni CA, Epling JW, Kubik M, Li L, Ogedegbe G, Pbert L,
Silverstein M, Stevermer J, Tseng CW, Wong JB. Screening for atrial
fibrillation: US Preventive Services Task Force recommendation state-
ment. JAMA 2022;327:360–367.

6. Alexander B, Milden J, Hazim B, Haseeb S, Bayes-Genis A, Elosua R,
Mart�ınez-Sell�es M, Yeung C, Hopman W, Bayes de Luna A, Baran-
chuk A. New electrocardiographic score for the prediction of atrial
fibrillation: the MVP ECG risk score (morphology-voltage-P-wave
duration). Ann Noninvasive Electrocardiol 2019;24:e12669.
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Selles M, De Luna AB, Çinier G, Baranchuk A. Reduced P-wave volt-
age in lead I is associated with development of atrial fibrillation in
patients with coronary artery disease. J Atr Fibrillation 2017;10:1657.

11. O’Neal WT, Zhang ZM, Loehr LR, Chen LY, Alonso A, Soliman EZ.
Electrocardiographic advanced interatrial block and atrial fibrillation
risk in the general population. Am J Cardiol 2016;117:1755–1759.

12. Skov MW, Ghouse J, K€uhl JT, Platonov PG, Graff C, Fuchs A, Ras-
mussen PV, Pietersen A, Nordestgaard BG, Torp-Pedersen C, Hansen
SM, Olesen MS, Haunsø S, Køber L, Gerds TA, Kofoed KF, Svendsen
JH, Holst AG, Nielsen JB. Risk prediction of atrial fibrillation based
on electrocardiographic interatrial block. J Am Heart Assoc 2018;7:
e008247.

13. Nielsen JB, K€uhl JT, Pietersen A, Graff C, Lind B, Struijk JJ, Olesen
MS, Sinner MF, Bachmann TN, Haunsø S, Nordestgaard BG, Ellinor
PT, Svendsen JH, Kofoed KF, Køber L, Holst AG. P-wave duration
and the risk of atrial fibrillation: results from the Copenhagen ECG
Study. Heart Rhythm 2015;12:1887–1895.

14. Magnani JW, Johnson VM, Sullivan LM, Gorodeski EZ, Schnabel RB,
Lubitz SA, Levy D, Ellinor PT, Benjamin EJ. P wave duration and risk
of longitudinal atrial fibrillation in persons ≥60 years old (from the
Framingham heart study). Am J Cardiol 2011;107(6). 917−921.e1.
15. Xing LY, Diederichsen SZ, Højberg S, Krieger DW, Graff C, Olesen
MS, Nielsen JB, Brandes A, Køber L, Haugan KJ, Svendsen JH. Elec-
trocardiographic markers of subclinical atrial fibrillation detected by
implantable loop recorder: insights from the LOOP Study. Europace
2023;25:euad014.

16. Svendsen JH, Diederichsen SZ, Højberg S, Krieger DW, Graff C,
Kronborg C, Olesen MS, Nielsen JB, Holst AG, Brandes A, Haugan
KJ, Køber L. Implantable loop recorder detection of atrial fibrillation
to prevent stroke (The LOOP Study): a randomised controlled trial.
Lancet 2021;398:1507–1516.

17. Diederichsen SZ, Haugan KJ, Køber L, Højberg S, Brandes A, Kron-
borg C, Graff C, Holst AG, Nielsen JB, Krieger D, Svendsen JH.
Atrial fibrillation detected by continuous electrocardiographic moni-
toring using implantable loop recorder to prevent stroke in individuals
at risk (the LOOP study): rationale and design of a large randomized
controlled trial. Am Heart J 2017;187:122–132.

18. Mahajan R, Perera T, Elliott AD, Twomey DJ, Kumar S, Munwar DA,
Khokhar KB, Thiyagarajah A, Middeldorp ME, Nalliah CJ, Hendriks
JML, Kalman JM, Lau DH, Sanders P. Subclinical device-detected
atrial fibrillation and stroke risk: A systematic review and meta-analy-
sis. Eur Heart J 2018;39:1407–1415.

19. Svennberg E, Friberg L, Frykman V, Al-Khalili F, Engdahl J, Rose-
nqvist M. Clinical outcomes in systematic screening for atrial fibrilla-
tion (STROKESTOP): a multicentre, parallel group, unmasked,
randomised controlled trial. Lancet 2021;398:1498–1506.

20. He J, Tse G, Korantzopoulos P, Letsas KP, Ali-Hasan-Al-Saegh S, Kamel
H, Li G, Lip GYH, Liu T. P-wave indices and risk of ischemic stroke: A
systematic review andmeta-analysis. Stroke 2017;48:2066–2072.

21. Ko KY, Jang JH, Choi SH, Baek YS, Kwon SW, Park SD, Woo SI,
Kim DH, Shin SH. Impact of right atrial enlargement on clinical out-
come in patients with atrial fibrillation. Front Cardiovasc Med
2022;9:989012.

22. Ahlberg G, Andreasen L, Ghouse J, Bertelsen L, Bundgaard H,
Haunsø S, Svendsen JH, Olesen MS. Genome-wide association study
identifies 18 novel loci associated with left atrial volume and function.
Eur Heart J 2021;42:4523–4534.

23. Schnabel RB, Marinelli EA, Arbelo E, Boriani G, Boveda S, Buckley
CM, Camm AJ, Casadei B, Chua W, Dagres N, de Melis M, Desteghe
L, Diederichsen SZ, Duncker D, Eckardt L, Eisert C, Engler D, Fabritz
L, Freedman B, Gillet L, Goette A, Guasch E, Svendsen JH, Hatem
SN, Haeusler KG, Healey JS, Heidbuchel H, Hindricks G, Hobbs
FDR, H€ubner T, Kotecha D, Krekler M, Leclercq C, Lewalter T, Lin
H, Linz D, Lip GYH, Løchen ML, Lucassen W, Malaczynska-Rajpold
K, Massberg S, Merino JL, Meyer R, Mont L, Myers MC, Neubeck L,
Niiranen T, Oeff M, Oldgren J, Potpara TS, et al. Early diagnosis and
better rhythm management to improve outcomes in patients with atrial
fibrillation: the 8th AFNET/EHRA consensus conference. Europace
2023;25:6–27.

http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0004
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0004
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0005
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0005
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0005
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0005
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0005
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0005
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0006
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0006
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0006
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0006
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0006
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0006
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0006
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0007
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0008
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0008
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0008
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0008
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0009
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0010
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0010
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0010
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0010
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0010
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0011
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0011
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0011
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0011
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0012
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0012
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0012
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0012
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0012
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0012
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0012
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0013
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0013
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0013
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0013
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0013
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0013
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0014
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0014
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0014
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0014
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0015
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0015
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0015
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0015
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0015
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0016
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0016
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0016
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0016
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0016
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0017
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0017
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0017
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0017
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0017
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0017
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0018
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0018
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0018
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0018
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0018
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0019
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0019
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0019
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0019
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0020
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0020
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0020
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0021
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0021
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0021
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0021
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0022
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0022
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0022
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0022
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0023
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0023
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0023
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0023
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0023
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0023
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0023
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0023
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0023
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0023
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0023
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0023
http://refhub.elsevier.com/S0002-9149(23)00800-7/sbref0023
www.ajconline.org

	Electrocardiographic Morphology-Voltage-P-Wave-Duration (MVP) Score to Select Patients for Continuous Atrial Fibrillation Screening to Prevent Stroke
	Methods
	Results
	Discussion
	Declaration of Competing Interest
	Acknowledgments
	Supplementary materials


