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Atrial fibrillation (AF) is the most common arrhythmia in adults and is associated with significant
morbidity and mortality. Substantial interest has developed in the primary prevention of AF, and
thus the identification of individuals at risk for developing AF. The electrocardiogram (ECG) provides
a wealth of information, which is of value in predicting incident AF. The PR interval and P wave
indices (including P wave duration, P wave terminal force, P wave axis, and other measures of
P wave morphology) are discussed with regard to their ability to predict and characterize AF risk
in the general population. The predictive value of the QT interval, ECG criteria for left ventricular
hypertrophy, and findings of atrial and ventricular ectopy are also discussed. Efforts are underway
to develop models that predict AF incidence in the general population; however, at present, little
information from the ECG is included in these models. The ECG provides a great deal of information
on AF risk and has the potential to contribute substantially to AF risk estimation, but more research
is needed.

Ann Noninvasive Electrocardiol 2016;21(1):20–29

atrial fibrillation; electrocardiogram; risk stratification; primary prevention; P wave indices

Atrial fibrillation (AF) is the most common
sustained cardiac arrhythmia encountered in adult
medicine. It affects 5.2 million individuals in the
United States,1 and approximately one in four
individuals will acquire this condition in their
lifetimes.2 Moreover, asymptomatic AF is likely
underdiagnosed in clinical practice: continuous
monitoring in patients with implanted devices and
in patients who have had cryptogenic stroke has
revealed a substantial burden of subclinical AF
not detected by conventional methods.3–7 AF is
associated with a two- to three fold increased risk
of cardiovascular mortality and sudden cardiac
death,8,9 a five fold increased risk of stroke,10 and a
three fold increased risk of heart failure.11 Patients
with AF are hospitalized twice as often as patients
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without AF, and there are more than 479,000
hospitalizations annually in the United States with
AF listed as the primary discharge diagnosis.12 AF
is associated with approximately $8700 of annual
incremental healthcare costs per patient,13 and it
accounts for 16 to 26 billion dollars of annual U.S.
health care expenses.13,14 Currently, there is no
cure for AF. Thus, the development of a primary
prevention strategy is of critical importance. Doing
so will require the successful identification of
individuals in the general population who are at
higher risk for acquiring AF.

Although the pathophysiology of AF remains
incompletely understood, it is clear that in most
individuals the arrhythmia occurs in the context of
adverse remodeling of the atrial electroanatomical
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substrate as well as abnormal triggered activity.15

The electrocardiogram (ECG) may be valuable
in prevention efforts because of its ability to
characterize electrophysiological changes as inter-
mediate phenotypes along the pathway to AF. The
purpose of this review is to describe efforts that
have been made to identify electrocardiographic
predictors of incident AF in the general population
(Table 1).

THE PR INTERVAL

On the surface ECG, the PR interval is defined as
the period of time between the onset of the P wave

(atrial depolarization) and the onset of the QRS
complex (ventricular depolarization), and in most
cases it is determined by conduction delay in the
atrioventricular (AV) node. It was thought that the
PR interval might serve as a convenient indicator
of atrial conduction system disease because it is
routinely reported on most 12-lead ECGs obtained
in clinical practice. In the Framingham Heart Study
(FHS), PR interval prolongation >200 milliseconds
was shown to be associated with increased risk
for AF [multivariable-adjusted hazard ratio (HR),
2.06; 95% confidence interval (CI), 1.36–3.12],
pacemaker implantation (multivariable-adjusted
HR, 2.89; 95% CI, 1.83–4.57), and all-cause
mortality (multivariable-adjusted HR, 1.44; 95%
CI, 1.09–1.91).16 Similar findings were reported by

Table 1. Electrocardiographic Predictors of Incident Atrial Fibrillation in the General Population—Data from
Prospective Cohorts

Predictor Risk Estimate (95% CI) P Value Study

Prolonged PR interval HR, 1.11 (1.02–1.22)a 0.02 FHS (n = 7575)16

HR, 1.41 (1.20–1.65)a – ARIC study (n = 15,429)17

HR, 1.13 (1.04–1.23)a 0.005 Health ABC study (n = 2722)18

HR, 1.26 (1.17–1.35)b <0.001 Copenhagen ECG study (n = 288,181)19

HR, 1.29 (0.68–2.44)c 0.434 Busselton Health study (n = 4267)25

Short PR interval HR, 1.21 (1.06–1.37)b 0.004 Copenhagen ECG study (n = 288,181)19

HR, 6.21 (1.52–25.31)c 0.011 Busselton Health study (n = 4267)25

Prolonged P wave
duration

HR, 1.79 (1.51–2.14)a – ARIC study (n = 15,429)17

HR, 1.15 (0.90–1.47)a 0.27 FHS (n = 1550)30

HR, 2.06 (1.89–2.23)d <0.001 Copenhagen ECG study (n = 285,933)31

Short P wave duration HR, 1.60 (1.41–1.81)d <0.001 Copenhagen ECG study (n = 285,933)31

P wave terminal force
(PTFV1)

HR, 1.23 (1.04–1.46)a – ARIC study (n = 15,429)17

P′ deep terminal
negativity

HR, 5.02 (3.23–7.80) <0.0001 ARIC study (n = 15,376)37

Prolonged QT interval HR, 1.44 (1.24–1.66)e < 0.001 Copenhagen ECG study (n = 281,277)57

HR, 1.99 (1.37–2.89)f <0.001 ARIC study (n = 14,538)58

HR, 1.57 (1.18–2.07)f 0.002 CHS (n = 4745)58

HR, 1.42 (1.003–2.02)f 0.048 Health ABC study (n = 2396)58

Short QT interval HR, 1.45 (1.14–1.84)e 0.002 Copenhagen ECG study (n = 281,277)57

HR, 0.84 (0.66–1.06)f 0.14 ARIC study (n = 14,538)58

HR, 1.09 (0.81–1.47)f 0.57 CHS (n = 4745)58

HR, 1.37 (0.92–2.04)f 0.12 Health ABC study (n = 2396)58

ECG-LVH HR, 1.4 (0.9–2.4) for
men, HR 1.3 (0.9–2.1)
for women

NS, NS FHS (n = 2090 men, 2641 women)59

HR, 1.39 (1.11–1.75)c 0.05 Niigata Preventive Medicine Study (n = 63,386)60

HR, 2.24 (1.33–3.76)g 0.002 MESA (n = 4942)61

Any ectopy (PACs or HR, 2.52 (1.84–3.44)h <0.001 Niigata Preventive Medicine Study (n = 63,386)60

PVCs) HR, 3.49 (2.40–5.08)i <0.001 Niigata Preventive Medicine Study (n = 63,386)60

Atrial ectopy (PACs) HR, 1.49 (1.02 – 2.17)j 0.038 Copenhagen Holter Study (n = 678)65

HR, 1.17 (1.13 – 1.22)k <0.001 CHS (n = 1260)66

HR, 1.38 (1.14 – 1.68)k 0.001 Malmö Diet and Cancer Study (n = 383)67

(Continued)
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Table 1. Continued

Predictor Risk Estimate (95% CI) P Value Study

Ventricular ectopy
(PVCs)

HR, 1.56 (1.30–1.87)l – ARIC study (n = 14,783)68

HR, 1.38 (0.94–2.03)m 0.101 Taipei Veterans General Hospital Database (n =
3351)69

HR, 1.55 (1.06–2.26)n 0.024 Taipei Veterans General Hospital Database (n =
3351)69

All results presented are those of multivariable-adjusted analyses. Covariates differ between studies.
aHR per standard deviation change.
bPR interval defined as prolonged if �200 milliseconds, and compared to reference group with PR interval 150–161 milliseconds
(40th to 60th percentile). Short PR interval defined as PR interval <123 milliseconds (<5th percentile), compared to reference
group with PR interval 150–161 milliseconds (40–60th percentile).
cPR interval duration or LVH defined by Minnesota code.
dP wave prolongation defined as P wave duration �130 milliseconds (�95th percentile); short P wave duration defined as P wave
duration �89 milliseconds (<5th percentile); both are compared to those with P wave duration 100–105 milliseconds (20th to
<40th percentile).
eQT interval corrected by Framingham formula with prolongation defined as QTc � 464 milliseconds (�99th percentile) and
shortening defined as �372 milliseconds (�1st percentile), compared to the reference group with QTc 411–419 milliseconds
(40th to <60th percentiles).
fQT interval corrected by Framingham formula: defined as prolonged if �460 milliseconds in women and �450 milliseconds in
men, and defined short if �390 milliseconds.
gLVH defined as Sokolow-Lyon voltage product �371,000 µV·ms, where the Sokolow-Lyon voltage is calculated as (SV1 +
RV5/RV6) × QRS duration.
hLow-frequency ectopy, defined as <10% of total beats (taken from a single 10 seconds ECG recording).
iHigh-frequency ectopy, defined as >10% of total beats (taken from a single 10 seconds ECG recording).
jHR for admission for AF, per each increment of 10 supraventricular ectopic complex per hour.
kHR per log-unit increase in ectopy: increased hazard per doubling in ectopic beats per hour.
lVentricular ectopy defined as any PVC detected on a 2-minute rhythm strip.
mVentricular ectopy defined as uniform PVCs noted on a 24-hour ambulatory ECG recording.
nVentricular ectopy defined as multiform PVCs noted on a 24-hour ambulatory ECG recording.

other investigators,17–20 and the PR interval was
subsequently incorporated into a risk prediction
tool for AF.21,22

However, the association between PR interval
prolongation and adverse outcomes has not been
replicated consistently.23 In the Finnish Coronary
Heart Disease (CHD) Study, there was no evidence
of a relationship between PR interval duration
and mortality or AF-related hospitalization.24 Fur-
thermore, in multiple additional studies, increased
risk for AF was seemingly contradictorily observed
in those with shorter PR intervals but not in
those with PR interval prolongation.25,26 Soliman
et al. presented data from the National Health
and Nutrition Examination Survey (NHANES),
suggesting that the discrepant associations between
the PR interval and mortality may be because
of variation in the degree of contribution of the
P wave duration to the PR interval in the different
populations studied.23 Thus, it seems unlikely that
the PR interval will prove to be the ECG marker
most reflective of abnormal atrial substrate and
consequent AF risk.

THE P wave INDICES

The P wave indices are quantitative measures
of atrial electrical function derived from the
surface ECG (Fig. 1).27 These measurements have
the advantage of characterizing atrial electrical
activity during depolarization without assessing
other features of cardiac electrophysiology such as
conduction delay through the AV node.

P Wave Duration

The P wave duration quantifies the time required
for atrial depolarization: prolongation of this
interval is indicative of delayed intra- or interatrial
conduction. The finding of P wave prolongation
on signal-averaged ECG has been demonstrated
to predict AF after cardiac surgery,28 and after
cardioversion.29 Soliman et al. reported in the
Atherosclerosis Risk in Communities (ARIC) Study
that P wave duration was consistently associated
with incident AF.17 Magnani et al. reported similar
findings in a cohort from FHS: a maximum
P wave duration >95th percentile was associated
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Figure 1. A representative P wave and PR segment
in lead V1. The PR interval, P wave duration (Pwd),
P wave amplitude (Pwa), P′ amplitude (PPa), P′ duration
(PPd), and PR segment depression (PRD) are marked.
The P wave terminal force (PTFV1) is derived by
multiplication of PPa by PPd.

with an HR of 2.19 for the development of AF
(95% CI, 1.13–5.57), and the association remained
significant after adjustment for confounding risk
factors, including the PR interval. Notably, the
hazard was greater than that of a PR interval
>95th percentile (HR, 1.65; 95% CI, 0.83–3.03).30

The association between P wave duration and
incident AF has been confirmed in additional
cohorts.20,31 Again, however, there appears to be
a nonlinear relationship between this P wave
index and patient outcomes: several small case-
control studies reported a relationship between
shorter P wave durations and AF, and a likely
U-shaped relationship between P wave duration
and incident AF was further elucidated in the
Copenhagen ECG Study (HR, 1.60 for P wave
duration �89 milliseconds; 95% CI, 1.41–1.81).31

The investigators hypothesized that more rapid
atrial conduction, as exhibited by a shorter P wave
duration, might predispose to AF because of its
greater likelihood to initiate reentry.

P Wave Terminal Force and Deep
Terminal Negativity of P′ in V1

P wave terminal force in lead V1 (PTFV1)
is a measurement of the terminal negative
deflection in the P wave (i.e., P′), itself a

reflection of left atrial activation. It is calcu-
lated by multiplying the P′ duration in lead
V1 (PPdV1) by the P′ amplitude in lead V1
(PPaV1).32 Although commonly regarded as a sign
of left atrial enlargement when abnormal (usually
�–0.04 mm·s), the observation was made long
ago that electrocardiographic left atrial abnormality
is more consistently a sign of delayed interatrial
conduction than of left atrial size.33 Indeed, PTFV1
had been shown to be associated with stroke,
even when controlled for echocardiographic left
atrial enlargement.34 In the PRIMERI study, a
single-center prospective cohort of hospitalized
patients with ECG evidence of structural heart
disease, PTFV1 was significantly associated with
the degree of left ventricular fibrosis and indices
of left atrial function, as assessed by cardiac
magnetic resonance imaging. Interestingly, PPdV1
was most strongly associated with fibrosis and
this association was significantly stronger than
that of the P wave duration, whereas PPaV1
was most strongly associated with indices of
atrial mechanical function such as left atrial
volume and left atrial strain.35 PTFV1 has been
validated as a predictor of incident AF in multiple
large epidemiologic cohort studies. In the ARIC
study, PTFV1 was significantly associated with
incident AF in a multivariable model adjusted
for major confounders (HR, 1.23 per SD change;
95% CI, 1.20–1.65).17 In the CHD study, PTFV1
� −0.06 mm·s was significantly associated with
both incident AF (HR, 1.91; 95% CI, 1.34–2.73)
and all-cause mortality (HR, 1.76; 95% CI, 1.45–
2.12) in multivariable models adjusted for age, sex,
BMI, and other confounding factors.36 Although
PTFV1 was not significantly predictive of AF in
FHS, this may be explained by differences in
measurement: automated measurement of PPaV1
is more robust and reproducible than measure-
ment of PPdV1 (unpublished observations). Deep
terminal negativity of P′ in V1 is a simplified
measure of interatrial conduction abnormality and
of PPaV1, and it is defined as the presence of
a biphasic P wave (positive/negative) in V1 with
terminal negative phase amplitude (i.e., PPaV1)
<−100 µV. In the ARIC and NHANES studies, it
was independently associated with incident AF,37

cardiovascular mortality,38 and sudden cardiac
death.37 Deep terminal negativity of P′ in V1 may
be stronger predictor of adverse outcomes and
incident AF than PTFV1.
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Interatrial Block

Synchronous atrial systole requires unencum-
bered propagation of the electrical wave front from
the right atrium to the left atrium. Bachmann’s
bundle is considered to be the most important
pathway for interatrial conduction, and disruption
of Bachmann’s bundle (“advanced inter-atrial
block”) in animals has been shown to cause
prolongation of the P wave and specific alterations
in P wave morphology (P wave prolongation
with biphasic P waves in the inferior leads).39

Disruption of posterior interatrial fibers is felt
to cause partial interatrial block, leading to
P wave prolongation alone (with or without
increased PTFV1).40 As mentioned previously,
the pattern of electrocardiographic left atrial
abnormality (and thus also of abnormal PTFV1
or P′ deep terminal negativity) is more indicative
of interatrial conduction disease than of anatomic
or hemodynamic features of the left atrium.33

Furthermore, it appears that interatrial conduction
delay may represent an intermediate phenotype
on the pathway to AF: in a study of 612 patients
referred for electrophysiological studies, invasively
assessed interatrial conduction time was a strong
predictor of incident AF.41

Although specific P wave morphologies on
the surface ECG correlate reasonably well with
patterns of interatrial conduction assessed by non-
invasive electroanatomic mapping,42 it is unclear
if these findings will be useful for predicting
incident AF in the general population. In the ARIC
study, advanced interatrial block was rare (0.55%
of subjects), and not significantly associated with
incident sudden cardiac death (HR, 1.20; 95% CI,
0.43–3.37).37

P Wave Area

P wave area has been proposed as a marker
for abnormal atrial structure (e.g., left atrial
enlargement), hence risk for AF. In the ARIC
study, mean P wave area was found to predict
incident AF (HR, 1.17 per SD change; 95% CI, 1.01–
1.41, adjusted for multiple confounders).17 The
association was not significant in FHS, and when
data from the ARIC study and FHS were combined,
the result did not meet statistical significance after
adjustment for other clinical predictors of AF.43

It is likely that P wave area only weakly predicts
incident AF in the general population.

P Wave Axis

Despite also being routinely reported on most
12-lead ECGs obtained in clinical practice, the
frontal P wave axis generally receives little
attention and is known primarily for its correlation
with the severity of pulmonary disease.44 Among
7501 participants of NHANES followed for a
median of 13.8 years, an abnormal frontal P wave
axis (outside of 0°–75°) was found to be associated
with increased risk for all-cause and cardiovascular
mortality, and the association remained significant
after adjustment for confounders, including history
of asthma and COPD.45 Although the P wave
axis is a reflection of anatomical features such
as the positioning of the atria within the thoracic
cavity and the relative size of the atria, P wave
axis changes also reflect abnormal atrial electrical
wave front propagation in a diseased myocardium.
P wave axis was a significant predictor of
incident AF in a large retrospective cohort of U.S.
veterans.46 Importantly, only the frontal P wave
axis is routinely reported on the 12-lead ECG:
atrial depolarization occurs in three-dimensional
space, and its true directionality is better by the
three-dimensional P loop (Fig. 2). Further studies
are needed to more fully characterize spatial
P loop vectors and morphology and the association
between three-dimensional depolarization vector
changes and incident AF.

ASSESSMENT OF ATRIAL
REPOLARIZATION

The P wave reflects atrial depolarization. How-
ever, it is clear from animal models and small
human studies that abnormal atrial repolarization
likely plays an important role in the pathogenesis of
AF. Unfortunately, the surface ECG representation
of atrial repolarization, the Ta wave, is poorly
visualized except in cases of advanced heart block,
because of its small amplitude and its coincidence
with the much larger amplitude QRST complex.47

In a case-control study of subjects with third-
degree AV block, those with paroxysmal AF had
shorter PTa intervals and Ta waves peaked earlier
and exhibited greater peak negative amplitudes.48

Invasive findings of abnormal atrial repolarization
have been associated with AF inducibility. Un-
fortunately, these findings cannot be replicated
in large cohorts or used as risk prediction tools
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Figure 2. The vectorcardiographic P loop morphology
and the spatial P loop vector characterize atrial
conduction.

in the general population, but they do suggest
that markers of atrial repolarization might be
informative.

Several lines of evidence suggest that the initial
period of atrial repolarization occurs during the
PR segment,49 and shortened atrial repolarization
or dispersion of atrial repolarization might be
visible on the surface ECG as PR segment
depression. Patients with short QT syndrome,
who are at increased risk for AF as well as
sudden cardiac death, exhibit greater prevalence
of electrocardiographic PR segment depression
when compared to controls.50 Animal models
of this disorder suggest that dispersion of atrial
refractory periods may contribute to arrhyth-
mogenesis in AF.51 Furthermore, patients with
inferior myocardial infarctions with PR depression
appear to be at higher risk for AF.52,53 It is not
clear if PR depression in the general ambulatory
population is associated with AF or other adverse
outcomes. More research is needed to characterize
the invasive electrophysiologic correlates of PR
segment depression and further characterize early
atrial repolarization noninvasively. Additionally,
investigation of whether PR depression is associ-
ated with relevant clinical outcomes such as AF in
larger cohorts is also needed.

QT INTERVAL

The electrocardiographic QT interval is pre-
dominantly a reflection of the time required for
ventricular repolarization. Prolongation of the QT

interval (or heart rate-corrected QT interval, QTc)
is a well-established risk factor for sudden cardiac
death and all-cause mortality.54 Because of the
observation that hereditary short QT and long QT
syndromes are associated with increased preva-
lence of AF,55,56 and the assumption that the same
pathophysiology which affects the ventricles also
affects the atria, it has been suggested that the QT
interval might be a suitable surrogate measure for
assessment of abnormal atrial repolarization. The
association between the QT interval and incident
AF was initially noted in the PROSPER study, a
randomized clinical trial investigating the use of
pravastatin for the prevention of cardiovascular
events in elderly individuals.20 Later, in an analysis
of 281,277 subjects enrolled in the Copenhagen
ECG Study who were followed for a median of
5.7 years (interquartile range, 3.2–8.4 years), risk
for AF increased in a dose-dependent fashion
for those with QTc intervals �420 milliseconds,
as well as for those with abnormally low QTc
intervals (�372 milliseconds).57 Data from ARIC,
CHS, and the Health ABC cohorts confirmed the
relationship between prolonged QT interval and
risk for AF, but failed to demonstrate a statistically
significant association between short QT and AF,
perhaps because of more limited power.58

LEFT VENTRICULAR
HYPERTROPHY

Despite their limited sensitivity and variable
definitions, electrocardiographic criteria for left
ventricular hypertrophy (LVH) are capable of
identifying individuals at higher risk for multiple
adverse outcomes. In FHS, electrocardiographic
LVH was a significant predictor of incident AF
before, but not after adjustment for confounders.59

However, other studies have reported a more
consistent relationship. Watanabe et al. reported
a significant association between ECG-LVH and
incident AF (HR, 1.39; 95% CI, 1.11–1.75) in a large
Japanese cohort of community-dwelling adults.60

In the Multi-Ethnic Study of Atherosclerosis
(MESA), 4942 individuals were assessed by cardiac
magnetic resonance (CMR) imaging, as well as
ECG, and followed for incident AF events. When
assessed by Sokolow-Lyon voltage, Sokolow-Lyon
voltage product, or Perugia score, ECG-LVH was
a significant predictor of incident AF even after
adjustment for multiple confounders.61
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ATRIAL AND VENTRICULAR
ECTOPY

Premature atrial complexes (PACs) are the
electrocardiographic manifestation of early atrial
depolarization initiated from a site outside the
sinoatrial node. They are commonly seen on
extended ECG recordings in healthy individuals
and have long been regarded as a benign ECG
finding. However, when they occur frequently
they can be harbingers of AF and adverse cardio-
vascular outcomes. It was previously demonstrated
that PACs initiate episodes of AF in vulnerable
individuals, and targeted ablation of atrial ectopy
can reduce AF recurrence.62

Subsequent studies described an association
between PACs and incident AF in stroke patients,63

and in those presenting with palpitations, dizzi-
ness, or syncope.64 In 2010, Binici et al. re-
ported a significant relationship between excessive
supraventricular ectopy and incident AF in 678
European middle-aged to elderly adults selected
to undergo 24-hour ambulatory ECG monitoring.65

Dewland et al. confirmed that PAC burden is an
independent predictor of incident AF in the general
elderly population: among 1260 adults enrolled
in CHS who underwent 24-hour ambulatory
ECG monitoring, median hourly PAC count was
significantly predictive of incident AF (top quartile
HR, 4.92; 95% CI, 3.39–7.16), cardiovascular
mortality (top quartile HR, 1.50; 95% CI, 1.08–
2.08), and all-cause mortality (top quartile HR,
1.35; 95% CI, 1.10–1.66) over a follow-up period
of approximately 13 years.66 Similar findings were
noted in the Swedish Malmö Diet and Cancer
Study, confirming the value of PAC burden as a
predictor of incident AF.67

Although PACs appear to be more related to
arrhythmogenesis in AF, Watanabe et al. noted
in 2006 that premature complexes are associated
with incident AF regardless of their origin.60 In the
ARIC study, the presence of premature ventricular
complexes (PVCs) on a 2-minute rhythm strip was
a significant predictor of incident AF and stroke.68

Interestingly, in a large retrospective study of
Taiwanese patients referred for ambulatory ECG
monitoring, those with multiform PVCs but not
uniform PVCs had increased risk for incident
AF and heart failure.69 It is possible that the
presence of PVCs corresponds to adverse changes
throughout the atrial and ventricular myocardium

which in the atria predispose to the development
of AF.

INTEGRATION INTO CLINICAL
PREDICTION TOOLS

The general goal of characterizing risk for
incident AF in the general population has led to the
production of several risk prediction tools,21,22,26,70

with the intention that these models would serve
clinicians and researchers seeking to identify
effective primary prevention therapies for AF. The
FHS AF risk score was developed in 2009 and
included patient clinical characteristics as well as
the PR interval as predictor variables. Although
it performed moderately well in the middle-aged
to elderly white population from which it was
derived (C-statistic = 0.78),21 the performance
was somewhat less impressive when the score
was applied to two other more geographically
and racially diverse cohorts (C-statistic = 0.68).22

The ARIC risk prediction tool was derived from
a population of American blacks and whites and
included electrocardiographic P wave duration and
LVH as predictors. It too performed relatively well,
with a C-statistic of 0.78,70 and has been shown to
correlate with underlying structural changes in the
atria, such as infiltrated atrial adipose tissue.71

The most recent tool, the CHARGE-AF risk
score, was derived from data from three large
cohorts (ARIC, CHS, and FHS) and validated
in two additional cohorts—the Age, Gene and
Environment Study (AGES) and the Rotterdam
Study (RS). It determines AF risk on the basis of
age, race, height, weight, blood pressure, smoking
status, antihypertensive medication use, and the
presence or absence of diabetes, heart failure, and
prior myocardial infarction. The C-statistic was
0.765 for the pooled derivation cohort, 0.664 for
AGES, and 0.705 for RS. Interestingly, although
PR interval and electrocardiographic LVH were
predictive of AF as individual risk factors, they
did not add to the overall predictive ability of
the model.26 Addition of PR interval, P wave
duration, P wave area, and P wave terminal force
to the CHARGE-AF risk score did not significantly
improve AF risk assessment.43 Other proposed
electrocardiographic predictors of AF were not
assessed. However, when Dewland et al. recently
compared the discriminatory ability of the FHS
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AF risk score to the PAC count alone in a
random selection of CHS participants, the results
were similar (C-statistic = 0.65, for the FHS AF
score; and C-statistic = 0.69, for PAC count), and
addition of the PAC count to the Framingham
model significantly enhanced its predictive power
(C-statistic = 0.72).66

CONCLUSION

Despite over 100 years of use in clinical practice,
the ECG continually demonstrates its ability to
yield new discoveries. It is a convenient, low-cost,
and ubiquitous clinical tool that holds promise
for AF risk prediction. However, further work
is needed to characterize abnormalities that are
associated with abnormal atrial substrate (e.g.,
fibrosis) as well as propensity for triggered activity
(e.g., atrial ectopy), and the association between
those findings and incident AF in large cohorts.
A number of areas remain relatively unexplored—
ECG markers of atrial repolarization, vectorcar-
diographic P loops, and the role of changes in
ECG predictors over time (data from serial ECGs).
Current risk prediction models utilize little if any
of the wealth of information available from the
standard 12-lead ECG, and additional work will
need to be done to characterize the improvement of
predictive models’ classification ability when novel
ECG predictors are added, either in isolation, or
in combination. Finally, because of their ability
to demonstrate intermediate electrophysiological
phenotypes on the pathway to AF, ECG markers
could potentially serve as surrogate end points in
future randomized clinical trials testing primary
prevention interventions.
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