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Background: The additional prognostic value of resting electrocardiogram (ECG) in long-term cardiovascular dis-
ease (CVD)-risk-assessment is unclear. We evaluated the association of incidental abnormal ECG findings with
long-term CVD-risk and all-cause mortality, and assessed the additional prognostic value of ECG as a screening
tool in adults without known CVD.
Methods:A cohort of 2601 Israelimen andwomenwithout knownCVDwere actively followed from1976 to 1982
for 23-year cumulative CVD-incidence, and untilMay 2017 for all-causemortality. At baseline and follow-up, par-
ticipants underwent interviews, physical examinations, blood tests and ECG.
Results: At baseline, 1199 (46.1%) had incidental abnormal ECG findings (exposed-group). CVD cumulative inci-
dence reached 31.6% among the 930 survivors who participated in the active follow-up (294/930). During a 31-
year median follow-up, 1719 (66.1%) of the total cohort died. Incidental abnormal ECG findings were associated
with 46% greater CVD-risk (odds ratio=1.46, 95%CI=1.09–1.97). The net reclassification improvement (NRI) of
CVD-riskwas 7.4% (95%CINRI= 1.5%–13.3%, p=0.01) following the addition of ECG findings, but the C-index im-
provementwas not statistically significant [C-index=0.656 (0.619–0.694) vs. C-index=0.666 (0.629–0.703), p
= 0.14]. Multivariable Cox regression demonstrated an all-cause mortality hazard ratio (HR) of 1.18 (95%CI =
1.07–1.30) for exposed vs. unexposed individuals. Non-specific T-wave changes and left-axis deviation are the
incidental ECG abnormalities that were associated with all-cause mortality [HR = 1.18 (95%CI = 1.05–1.33)
and HR= 1.19 (95%CI = 1.00–1.42), respectively].
Conclusion: Incidental abnormal ECG findings, mainly non-specific T-wave changes and left-axis deviation, were
associated with increased long-term CVD-risk and all-cause mortality among individuals without known CVD,
and demonstrated net reclassification improvement for CVD-risk.

© 2019 Elsevier B.V. All rights reserved.
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1. Background

Cardiovascular disease (CVD) is the leading cause of death globally,
accounting for 23.4% of all deaths in the US in 2015 [1]. In Europe, it is
the leading cause of death among older adults [2]. Annual costs of CVD
in the US and the European-Union were estimated at $316.6 and $210
billion, respectively, which is more than every other group of diseases
[3].

The Framingham study (1998) introduced the primary coronary
heart disease risk calculator in the US, based on CVD risk factors: age,
gender, total and HDL cholesterol, systolic blood pressure, diabetes
logy and Preventive Medicine,
viv University, Tel Aviv, Israel.
ner).
eliability and freedom from bias
mellitus and current smoking [4]. Several CVD risk prediction calcula-
tors have since been proposed, among them the American College of
Cardiology (ACC)/American Heart Association (AHA) guidelines,
which have been the recommended risk score in the US since 2013
[5], and SCORE CVD risk calculator, which is recommended by the
European Society of Cardiology [6].

Data are limited regarding the additional value, beyond the tradi-
tional CVD risk factors, of the resting electrocardiogram (ECG) in the
risk stratification of healthy individuals. The U.S Preventive Services
Task Forces (USPSTF) does not recommend routine resting or exercise
ECG tests in healthy individuals [7]. The ACC foundation/AHA guideline
states that resting ECG “may be considered” in asymptomatic adults
(class 2b) and is “reasonable” in asymptomatic adults with hyperten-
sion or diabetes (class 2a) [5]. However, ECG tests are often used in var-
ied medical surveys, such as executives' surveys and athletes' physical
examinations [8]. Furthermore, several studies have shown associations
of ECG abnormalities, such as nonspecific ST-segment and T-wave
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changes and ischemic findings, with increased risk for CVD morbidity
and mortality [9,10]. T-wave inversion, increased duration of QRS com-
plex, and QRS/T angle, in resting ECGs were also found to be predictors
of sudden cardiac death in a large cohort of men [11,12].

In a previous study, we examined the value of specific ECG abnor-
malities (intraventricular conduction delay) in the prediction of all-
cause mortality [13]. In the current study, we aimed to assess whether
an incidental abnormal ECG finding of any kind in an adult population
without known CVD is associated with a long-term increased risk of
CVD and all-cause mortality, and to evaluate the additional prognostic
value of ECG as a screening test.

2. Materials and methods

2.1. Study design and population

A subsample of 2769men and women (Supplementary Fig. 1– study flowchart) from
the Israel Study of Glucose Intolerance, Obesity and Hypertension (GOH)were included in
the current follow-up study. The subsample was representative of the original cohort,
which was randomly selected during 1967 from the Israel population registry, stratified
according to sex, birth decade and ethnic origin (Supplementary 1- study methods)
[14]. During 1976–1982 (“Phase-2”), participants underwentmedical interviews, physical
examinations, weight and height measurements, blood pressure measurements, blood
testing for fasting glucose, lipid profile and creatinine, and resting ECG recording, at re-
gional medical centers. For the current analysis, 166 individuals were excluded due to
known CVD at baseline, defined as self-reported past myocardial infarction (MI), cerebro-
vascular accident or “other cardiovascular disease”; or phase-2 ECG findings of past MI or
an implanted pacemaker. Two additional individuals were excluded due to missing vital
state information. During 1999–2008, 930 survivors of the final study cohort underwent
repeated interviews, and repeated measurements and testing as in phase-2, and were in-
cluded in the current CVD outcome study ([15], Table 1- participants Baseline characteris-
tics). The exposure variable of interest was incidental abnormal ECG findings at baseline,
as defined in Supplementary 1, followed by sub-analysis of specific ECG abnormalities.
All ECGs were interpreted and manually coded by a single cardiologist according to the
Minnesota coding system [16], baseline ECG findings frequencies are detailed in ([15],
Table 2). Further details about the GOH study methodology are described elsewhere [14].

Informed consent was obtained from each participant and the study protocol con-
forms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori
approval by the Sheba Medical Center's human research committee.

2.2. Endpoints and covariates

The two study outcomeswere CVD cumulative incidence and all-causemortality. CVD
incidence was determined according to self-reported past myocardial infarction (MI), ce-
rebrovascular accident, PAD or “other cardiovascular disease” or phase 3 ECG findings of
“past MI” or “evidence of myocardial ischemia” (Supplementary 1). All-cause mortality
and date of death were recorded by linkage of the study data-file with the Israeli popula-
tion registry through May 2017.

2.3. Statistical methods

Student t-test and the chi-square test, with two-sided p-values (p) set at 0.05 level of
significance were used for univariate analyses.

A multivariable analysis for cumulative CVD incidence was conducted by a logistic re-
gression model; the duration of the follow-up period was from the baseline examination
(1976–1982) to the follow-up examinations (1999–2008). The analysis was adjusted for
age, sex, ethnicity, smoking habits, BMI, blood pressure, plasma lipids and creatinine,
and diabetes co-morbidity (Supplementary 1), according to the Framingham Risk Score
Calculator [4] and the Euro SCORE [6].

Sex specific survival curves according to the exposurewere compared by the log-rank
test. Amultivariable Cox proportional hazardmodel analysis evaluated the association be-
tween the exposure and all-cause mortality. The examination date was the starting point
of the follow-up period, and the endpoint was the date of death or censoring inMay 2017.
Furthermore, we assessed the specific ECG pathologies that were significantly associated
with all-cause mortality, by a multivariable analysis that adjusted for the same covariates.
The assumption of proportional hazards and the presence of effect modifiers were tested
in each Cox model.

Evaluation of 23- year CVD risk and 31-year all-cause mortality was conducted by the
multivariable logistic regression and Cox proportional hazard models, respectively, ad-
justed for the traditional CVD risk factors (age, sex, ethnicity, smoking habits, BMI, blood
pressure and diabetes). To assess the performance of the predictionmodels, we evaluated
the improvement in C-index and net reclassification following the addition of incidental
ECG findings ([15], statistical methods). The discrimination measure, C-index, was calcu-
lated by the area under the receiver operating characteristic curve (AUC) for CVD inci-
dence and by Harrel's C-index adaption for all-cause mortality [17]. Net reclassification
improvement (NRI) was calculated as described by Pencina et al. [18]. For this purpose,
we defined cutoffs for the likelihood to reach the outcome of interest, by adjusting the
ACC/AHA risk calculator [5] categories (low, intermediate and high risk) thresholds to
the increased duration of follow-up, from 10% and 20% to 20% and 30%, similar to the Fra-
mingham study extension method [19]. We estimated improvement in reclassification
also by continuous NRI measure and by the integrated discrimination index (IDI), which
are not affected by the chosen cutoff values.

Statistical analysis was performed with SPSS version 25.0 and R version 3.5.0.

3. Results

3.1. Baseline characteristics

The mean baseline age was 54.5 ± 8.0 years, 52% were women, and
1199 (46.1%) were found to have incidental abnormal ECG findings
([15], Table 3). Sex and ethnic origin distributions, smoking habits, dia-
betes frequencies, and serum creatinine mean values were similar be-
tween individuals with incidental abnormal ECG findings and those
with completely normal ECG results (Table 1). Mean age, blood pres-
sure, total cholesterol and BMI were significantly lower in individuals
with normal ECG results.

3.2. All-cause mortality

During a median follow-up of 31.0 years, 71,885 person-years were
accrued, and 1719 (66.1%) of the cohort members died. Kaplan-Meier
survival curves based on the log-rank test revealed shorter time to
death for the incidental abnormal ECG findings group (p b 0.001), and
stratification by sex retained this finding (Fig. 1). The all-causemortality
rate in the unexposed group, i.e. with normal ECG results at baseline,
was 19.4 per 1000 person-years, compared to 30.1 per 1000 person-
years among those with an incidental abnormal ECG finding.

Univariable analysis (Table 2) showed increased risk for all-cause
mortality, HR = 1.70 (95%CI, 1.55–1.87), among individuals with ECG
abnormalities at baseline. Multivariable analysis, adjusted for the CVD
risk factors: age, sex, origin, BMI, blood pressure (systolic and diastolic),
smoking status, diabetes, creatinine and total cholesterol, revealed HR
= 1.22 (95%CI, 1.06–1.44) for individuals with incidental abnormal
ECG findings vs. individuals with completely normal ECGs (Table 2-
model 1). A model that was not adjusted for serum creatinine and
total cholesterol (Table 2, model 2) showed an 18% greater risk for ear-
lier death: HR = 1.18 (95%CI, 1.07–1.30). After excluding the presence
of diabetes, due to lack of statistical significance (p N 0.05), the final
model showed similar results (Table 2, model 3). No interactions (effect
modifications) were found between ECG test results and sex on associ-
ations with both outcomes.

Based on the final multivariable model (model 3), we assessed the
specific ECG abnormalities that were associated with all-cause mortal-
ity. This was done by replacing the exposure variable, i.e. any ECG ab-
normality, with each of the most common specific pathologies in the
cohort (Fig. 2). Non-specific T-wave changes (NST) were found to be
significantly associated with the risk of mortality, HR = 1.18 (95%CI,
1.05–1.33, p = 0.01), as well as the association of left-axis deviation
with mortality, HR = 1.19 (95%CI, 1.00–1.42, p = 0.05).

3.3. Cardiovascular disease

Of the 930 survivors who participated in the active follow-up, 294
(31.6%) developed CVD during a median follow-up of 23.0 years. Base-
line incidental abnormal ECG findings were also found to be associated
with the risk of CVD, after adjustment for CVD risk factors (detailed
under Table 2). The multivariable models of CVD outcome revealed an
odds ratio (OR)=1.47 (95%CI, 1.09–1.97) for individuals with any inci-
dental abnormal ECG finding (Table 2 - model 3).

3.4. Prediction of cardiovascular disease and all-cause mortality

The addition of ECG findings to a 23-year CVD risk prediction model
with traditional CVD risk factors (model 2) correctly reclassified 7.4% of



Table 1
Baseline (Phase 2) characteristics of 2601 Israeli individuals according to incidental ECG
findings.

Abnormal ECG
N (%)

Normal ECG
N (%)

P-value

Sex
Male 598 (49.9) 669 (47.7) 0.3
Female 601 (50.1) 733 (52.3)

Age (years)
Mean (±SD) 54.6 ± 7.9 50.8 ± 7.8 b0.001
Origin
Yemen 302 (25.2) 346 (24.7) 0.8
Middle-East/Asia 303 (25.3) 349 (24.9)
North Africa 249 (20.8) 279 (19.9)
Europe/America 345 (28.8) 428 (30.5)

Blood pressure (mmHg
Systolic (mean ± SD) 137.6 ± 23.6 128.7 ± 19.6 b 0.001
Diastolic (mean ± SD) 85.9 ± 12.3 83.2 ± 10.6 b 0.001
Normal 268 (22.7) 460 (33.2)
Pre-hypertension 378 (32.0) 502 (36.3) 0.01
Hypertension 535 (45.3) 422 (30.5) b 0.001

BMI (Kg/M2)
Mean (±SD) 26.5 ± 4.4 25.9 ± 4.1 b 0.001
Normal 605 (51.1) 482 (34.8)
Overweight 432 (36.5) 628 (45.3) b 0.001
Obese 146 (12.3) 275 (19.9) b 0.001

Total cholesterol (mg/dL)
Mean (±SD) 223.1 ± 54.3 216.7 ± 53.6 0.01
Normal 315 (37.0) 382 (41.6)
Borderline 230 (27.0) 216 (23.5) 0.04
High risk 307 (36.0) 320 (34.9) 0.2

Creatinine (mg/dL)
Men (Mean ± SD) 0.97 ± 0.3 0.97 ± 0.2 0.9
Women (Mean ± SD) 0.95 ± 0.2 0.97 ± 0.4 0.5

Smoking
Never 404 (33.8) 456 (32.5) 0.5
Former smoker 70 (5.8) 96 (6.8)
Current smoker 723 (60.4) 850 (60.6)

Diabetes
Normoglycemia 453 (37.8) 480 (34.2) 0.3
Pre-diabetes 580 (48.4) 714 (50.9)
Diabetes 159 (13.3) 202 (14.4)

Blood pressure classification: Normal- systolic BP ≤ 120 or diastolic BP ≤ 80;
Prehypertension- 140 N systolic BP ≥ 120 or 90 N diastolic BP ≥ 80; Hypertension – systolic
BP ≥ 140 or diastolic BP ≥ 90.
Total cholesterol classification: Normal- Total cholesterol b 200; Borderline- 200 ≤ Total
cholesterol b 240; High risk ≥ 240
BMI classification: Normal- BMI b 25; Overweight- 25 ≤ BMI b 30; Obese- BMI ≥ 30.
Categorical variableswere examined for differences between overall categories by the Chi-
square test, with further testing for differences in each category only for statistically signif-
icantly different variables.
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individuals (NRI 95%CI, 1.5–13.3%, p = 0.01), according to the chosen
cutoff values (NRI table is provided in ([15], Table 5)). The prediction
of CVD probability was correctly revised for 25.8% of the individuals
by the extended model (Continuous NRI 95%CI, 12.0–39.5%, p b 0.001),
and the IDI was 0.63% (95%CI, 0.08%- 1.17%, p = 0.02). The addition of
ECG findings to the 31-year all-cause mortality prediction model did
not result in a significant improvement of reclassification (p = 0.52),
while continuous NRI and IDI values were significant – 41.0% (95%CI,
33.1%- 48.9%) and 0.21% (95%CI, 0.04%- 0.39%), respectively. CVD pre-
diction model, including the traditional risk factors, demonstrated C-
index of 0.656 (95%CI, 0.619–0.694) which was not improved signifi-
cantly by the addition of ECG incidental findings (C-index = 0.666
(95%CI 0.629–0.703), p = 0.14); ROC curves are provided in [15], Fig.
1. Likewise, all-cause mortality prediction model C-index was not im-
proved significantly following the addition of ECG incidental findings
(0.752 (95% CI, 0.751–0.753) vs. 0.753 (95%CI, 0.752–0.754)). The CVD
risk prediction model was well calibrated, as measured by the
Hosmer-Lemeshow test (p = 0.51), as was the all-cause mortality pre-
diction model, as shown by the calibration curve ([15], Fig. 2).

4. Discussion

Our results demonstrate that incidental abnormal ECG findings, in
adults randomly selected from a populationwithout known preexisting
CVD, are associated with an increased risk of CVD, during a median
follow-up of 23-years, and overall mortality during a median of 31-
years. Moreover, incidental abnormal ECG findings conferred increased
risk of CVD and all-cause mortality beyond any other CVD risk factor.
We found ECG incidental abnormal findings at baseline to be associated
with an 18% increased hazard for all-cause mortality and a 46% in-
creased risk for CVD, after adjustment for traditional CVD risk factors.
Similar results were reported by the Health ABC study, which found
that major and minor ECG abnormalities were associated with an in-
creased risk of coronary heart disease [9]. Other studies have shown
ECG ischemic findings or non-specific ST-T abnormalities to increase
the risk for CVD, CV mortality and all-cause mortality [10,20]. The cur-
rent results also support previous reports [5,7,21] of the significant con-
tribution of the conventional CVD risk factors: age, sex, blood pressure,
BMI and current smoking, to predictions of CVD and overall mortality.
Of the risk factors examined, current smoking had the strongest associ-
ation with all-cause mortality and CVD, followed by female sex
(Table 2). Diabetes and creatinine did not show significant associations
with the outcomes examined herein, while total cholesterol showed a
modest association in the univariable analysis, which waned after ad-
justment. A possible explanation for these findings is that an elevated
creatinine level may have limited ability in estimating renal function.
Further calculation of estimated glomerular renal function (eGFR) by
the Cockcroft-Gault equation revealed that 79.4% of the participants
had normal or mildly decreased GFR (GFR N 60), a range of values that
did not show significant association with CVD or all-cause mortality
also in other studies [22]. It should be mentioned that baseline ECG in-
cidental abnormal findings frequencies were 47.2% in men and 45.0%
in women, similar to other studies [9,23].

4.1. Specific ECG abnormalities

Multivariable analysis of specific ECG incidental changes revealed
that NST changes and left-axis deviationwere independently associated
with increased risk for all-causemortality. NST changes and left axis de-
viationmight be benign findings but are also associatedwith a variety of
pathological processes. NST changes can be caused bydrugs, cardiac dis-
eases, such as myocardial ischemia or cardiomyopathies, and other dis-
orders (e.g. anemia, fever, acidosis etc.). Left axis deviation may be
associated with coronary artery disease, left ventricular hypertrophy,
hypertrophic cardiomyopathies and electrical conduction abnormali-
ties, such as left bundle branch block or left-anterior hemi-block. NST
changes and left axis deviation on a routine ECG screening testmight re-
veal early myocardial ischemia or electrical conduction abnormalities.
These results are in line with previous studies that found significant as-
sociations of NST changes and left axis deviation with increased risk for
future cardiac events, coronary heart disease, cardiovascular mortality
and all-causemortality [9,20,24]. The findings help elucidate the abnor-
malities that are associated with future mortality, i.e. NST changes and
left axis deviation, but further studies are needed.

4.2. The prognostic value of the resting ECG test

We investigated the additional prognostic value of ECG-testing in
CVD and overall prediction of mortality risk, beyond conventional CVD
risk factors, in order to assess the potential role of resting ECG as an
early screening test.



Fig. 1. Kaplan-Meier survival curves of 1267 men and 1334 women according to baseline ECG findings. Mean survival times: abnormal ECG group- 25.8 (95%CI, 25.1–26.4) years, normal
ECG group- 30.7 (95%CI, 30.2–31.3) years, Log-rank test- p b 0.001.
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We calculated reclassification-based measures for both outcomes of
interest, which have been demonstrated to be more sensitive than dis-
crimination C index [18,25]. The addition of the baseline ECG findings
to a CVD risk prediction model correctly reclassified 7.4% of the individ-
uals into CVD risk categories (low, intermediate and high). Most of the
correctly reclassified persons (6.7%, Table 5 in [15]) had not experienced
a CVD event and were reclassified to the lower risk category (i.e. non-
event NRI). These results suggest a possible benefit of ECG-testing in
stratifying asymptomatic individuals into CVD risk categories, particu-
larly in reducing the false positive stratification of individuals into a
higher risk category, i.e. increasing the specificity of the model.
Table 2
Unadjusted and adjusted logistic regression models for 23-year (median) cumulative CVD-risk

Logistic regression for CVD-risk

Univariate (unadjusted)
OR (95% C·I)

Multivariate
OR (95% C·I)

Age (years) 1.05 (1.03–1.07) 1.05 (1.02
Sex (female) 0.69 (0.53–0.89) 0.77 (0.56
Origin

Yemen Reference Refere
Asia 1.03 (0.69–1.55) 0.96 (0.63
North-Africa 1.20 (0.76–1.88) 1.06 (0.65
Europe/America 1.19 (0.81–1.74) 1.10 (0.73

Smoking
Former 1.05 (0.59–1.87) 0.95 (0.51
Current 1.65 (1.23–2.22) 1.74 (1.26

Blood pressure a (mmHg)
Systolic 1.02 (1.01–1.02) 1.01 (0.99
Diastolic 1.02 (1.01–1.04) 1.01 (0.98

BMI (Kg/M2) 1.07 (1.03–1.11) 1.05 (1.00
Diabetes

Pre-diabetes 0.94 (0.69–1.28) 0.90 (0.65
Diabetes 0.90 (0.59–1.36) 0.82 (0.53

Creatinine (mg/dL) 0.67 (0.33–1.34) –
Total cholesterol (mg/dL) 1.01 (1.00–1.01) –
Incidental ECG findings 1.68 (1.27–2.23)

Model 1b 1.37 (0.92
Model 2c 1.46 (1.08
Model 3d 1.47 (1.09

a Blood pressure- systolic and diastolic values are the average of 4–6 consecutive days meas
b Model 1 (1152 subjects for Cox regression and 547 subjects for logistic regression) adjuste

diabetes, serum creatinine and total cholesterol.
c Model 2 (2520 subjects for Cox regression and 916 subjects for logistic regression) adjusted

diabetes.
d Model 3 (2533 subjects for Cox regression and 917 subjects for logistic regression) for the a

incidence, respectively, adjusted for sex, age, ethnic-origin, smoking status, blood pressure (sy
Likewise, continuous NRI and IDI, which are independent of the chosen
categories, showed significant results ([15], Table 4). The NRI in our
study is similar to findings of previous studies. Bauer et al. found an
NRI improvement of 7.4% following the addition of ECG abnormalities
to the prediction of cardiac heart disease risk in an elderly population
[9]. Another study had demonstrated a 4.3% improvement in NRI fol-
lowing The addition of normal ECG and echocardiogram to Framingham
risk score for heart failure [23]. Sudden cardiac death (SCD) riskNRIwas
also improved by 4.5% following the addition of the QRS duration [11].
Likewise, T-Wave inversion and QRS/T angle yielded a modest C–
index improvement in SCD risk prediction, when were added to the
and unadjusted and adjusted Cox-models for 31-year (median) all-cause mortality.

Cox PH regression for all-cause mortality

(adjusted) Univariate (unadjusted)
HR (95% C·I)

Multivariate (adjusted)
HR (95% C·I)

–1.07) 1.11 (1.10–1.12) 1.10 (1.09–1.11)
–1.04) 0.73 (0.67–0.80) 0.75 (0.67–0.83)

nce Reference Reference
–1.48) 0.97 (0.85–1.10) 0.85 (0.74–0.80)
–1.72) 1.05 (0.91–1.20) 0.96 (0.83–1.11)
–1.65) 0.90 (0.72–1.03) 0.79 (0.69–0.90)

–174) 1.20 (0.99–1.45) 1.07 (0.88–1.31)
–2.41) 1.19 (1.08–1.32) 1.30 (1.16–1.44)

–1.02) 1.02 (1.02–1.03) 1.02 (1.02–1.02)
–1.03) 1.03 (1.02–1.04) 0.99 (0.98–1.00)
–1.09) 1.05 (1.04–1.06) 1.02 (1.01–1.03)

–1.24) 0.94 (0.85–1.04) 0.94 (0.85–1.05)
–1.27) 0.91 (0.78–1.05) 0.90 (0.77–1.05)

0.98 (0.83–1.17) –
1.00 (1.00–1.00) –
1.70 (1.55–1.87)

–2.06) 1.22 (1.06–1.44)
–1.96) 1.18 (1.07–1.30)
–1.97) 1.18 (1.07–1.31)

urements, 3 at each arm.
d for the variables: sex, age, origin, smoking, blood pressure (systolic and diastolic), BMI,

for the variables: sex, age, origin, smoking, blood pressure (systolic and diastolic), BMI and

ssociation between incidental ECG findings and all-causemortality and for CVD cumulative
stolic and diastolic), and BMI.



Fig. 2.Multivariable analysis of the association between specific ECG pathologies and all-causemortality. NST- Nonspecific Twave changes; NSST- Nonspecific ST Segment changes; Intra-
ventricular cond. (conduction) category includes complete and incomplete LBBB or RBBB; SVPB- Supra-ventricular premature beats (either single or multiple); VPB- Ventricular
premature beats (either single or multiple); LVH- left ventricle hypertrophy.
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traditional risk factors (from0.779 to 0.784 and 0.783 respectively) [12].
Biomarkers, such as C-reactive protein and fibrinogen demonstrated
less improvement in reclassification, regarding the prediction of CVD
risk: 1.52% and 0.83%, respectively [26]. This demonstrates how im-
proved reclassification can affect individual risk stratification in clinical
practice and subsequently impact clinical decision making.

4.3. Strengths and limitations

A few limitations of our study should be acknowledged. First, al-
though two specific ECG abnormalities (NST-changes and left-axis devi-
ation) were found to be associated with overall mortality, other
pathologies may have an important role in individual risk assessment,
despite their lack of statistical significance in the current study. The lat-
ter may be due to under powering of subgroup analysis. Second, due to
the absence of a CVD diagnosis date, the cumulative incidence and the
odds ratios, but not hazard ratios, were calculated for the CVD outcome.
Third, the lack of repeated measurements of ECG or other covariates
may have subjected our associations to bias due to regression-to-the-
mean. Finally, since CVD incidence determination included self-report
of history of CVD, it may affect the sensitivity of this outcome.

Several strengths of the study should also be acknowledged: the
long follow-up period, with 71,885 person-years accumulated; the
high external validity of the cohort; the interpretation of all ECG tests
by a single senior cardiologist, which eliminated intra-observer-
variability; and the precision and high validity of the exposure defini-
tion and of the CVD outcome. These were objectively defined by ECG-
testing in addition to self-report, to reduce underreporting bias.

Reclassification analysis was not performed in previous studies, ex-
cept by Auer et al. [9] who conducted NRI analysis in an elderly popula-
tion. Such analysis can provide further insights about the potential
benefit of ECG screening in individual CVD risk stratification.

4.4. Current recommendations versus practice

Recommendations against routine ECG screening (such as by
the USPSTF, the American Academy of Family Physicians and the
AHA) [7,8,27] stem from the potential harms of false-positive re-
sults, leading to unnecessary invasive procedures, overtreatment,
and economic burden. Nonetheless, ECG screening tests are not
infrequently performed in clinical practice; According to the
Consumer's Report Survey, as many as 39% of asymptomatic adults
without hypertension or elevated blood cholesterol level reported
undergoing resting ECG-testing in the preceding 5 years [28].
Since the publication of these data, devices for ECG personal use
have emerged, which may increase considerably the use of routine
home ECG tests in upcoming years. Therefore, it is likely that clini-
cians will more often encounter incidental abnormal ECG findings,
having to cope with the decision whether further workup is neces-
sary, stressing the relevancy of our study.

5. Conclusion

Our findings demonstrate that incidental ECG abnormal find-
ings in asymptomatic adults significantly increase the long-term
risk of CVD and all-cause mortality. NST changes and left-axis de-
viation were the changes found to have the most significant asso-
ciation with the outcomes of interest. ECG abnormalities are linked
to various pathological processes and may be the first sign of an
underlying cardiac morbidity. Therefore, resting ECG screening
tests can contribute to the identification of patients for further in-
vestigation with additional modalities, and thus may promote
early CVD detection. Furthermore, our findings support the addi-
tional prognostic value of abnormal resting ECG findings in CVD
risk reclassification. In light of our findings, based on a high quality
and long-term follow-up, albeit from a single prospective cohort,
we suggest that screening ECG should be considered in asymptom-
atic low risk healthy adult men and women for the long-term pre-
vention of CVD incidence.
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