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IMPORTANCE Cardiovascular disease (CVD) is the leading cause of death in the United States.

OBJECTIVE To review the evidence on screening asymptomatic adults for CVD risk using
electrocardiography (ECG) to inform the US Preventive Services Task Force.

DATA SOURCES MEDLINE, Cochrane Library, and trial registries through May 2017; references;
experts; literature surveillance through April 4, 2018.

STUDY SELECTION English-language randomized clinical trials (RCTs); prospective cohort studies
reporting reclassification, calibration, or discrimination that compared risk assessment using ECG
plus traditional risk factors vs traditional risk factors alone. For harms, additional study designs
were eligible. Studies of persons with symptoms or a CVD diagnosis were excluded.

DATA EXTRACTION AND SYNTHESIS Dual review of abstracts, full-text articles, and study
quality; qualitative synthesis of findings.

MAIN OUTCOMES AND MEASURES Mortality, cardiovascular events, reclassification,
calibration, discrimination, and harms.

RESULTS Sixteen studies were included (N = 77 140). Two RCTs (n = 1151) found no significant
improvement for screening with exercise ECG (vs no screening) in adults aged 50 to 75 years
with diabetes for the primary cardiovascular composite outcomes (hazard ratios, 1.00 [95% CI,
0.59-1.71] and 0.85 [95% CI, 0.39-1.84] for each study). No RCTs evaluated screening with
resting ECG. Evidence from 5 cohort studies (n = 9582) showed that adding exercise ECG to
traditional risk factors such as age, sex, current smoking, diabetes, total cholesterol level, and
high-density lipoprotein cholesterol level produced small improvements in discrimination
(absolute improvements in area under the curve [AUC] or C statistics, 0.02-0.03, reported by 3
studies); whether calibration or appropriate risk classification improves is uncertain. Evidence
from 9 cohort studies (n = 66 407) showed that adding resting ECG to traditional risk factors
produced small improvements in discrimination (absolute improvement in AUC or C statistics,
0.001-0.05) and appropriate risk classification for prediction of multiple cardiovascular
outcomes, although evidence was limited by imprecision, quality, considerable heterogeneity,
and inconsistent use of risk thresholds used for clinical decision making. Total net reclassification
improvements ranged from 3.6% (2.7% event; 0.6% nonevent) to 30% (17% event; 19%
nonevent) for studies using the Framingham Risk Score or Pooled Cohort Equations base models.
Evidence on potential harms (eg, from subsequent angiography or revascularization) in
asymptomatic persons was limited.

CONCLUSIONS AND RELEVANCE RCTs of screening with exercise ECG found no improvement
in health outcomes, despite focusing on higher-risk populations with diabetes. The addition
of resting ECG to traditional risk factors accurately reclassified persons, but evidence for this
finding had many limitations. The frequency of harms from screening is uncertain.
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C ardiovascular disease (CVD) is the leading cause of death
in US adults.1,2 Traditional risk factors for CVD are male sex,
older age, cigarette smoking, hypertension, dyslipidemia,

and diabetes. Risk prediction equations, such as the Framingham Risk
Score (FRS) or Pooled Cohort Equations (PCE), that integrate and
weight these traditional risk factors are used commonly in clinical
practice to assess 10-year risk of CVD events and to guide treat-
ment decisions. The US Preventive Services Task Force (USPSTF) rec-
ommends using the PCE to calculate 10-year risk for adults aged 40
to 75 years to inform clinical decisions, for example, about statin use
(B recommendation for those with 10-year risk �10%) and aspirin
use (B recommendation for adults aged 50-59 years with 10-year
risk �10%) for primary prevention.3-5 The PCE include age, sex, race,
cholesterol levels, systolic blood pressure, antihypertension treat-
ment, presence of diabetes, and smoking status as risk factors and
focus on prediction of hard outcomes such as heart attack and death
from coronary heart disease (CHD), ischemic stroke, and stroke-
related death.4 None of the currently recommended equations in-
clude electrocardiography (ECG) findings.

Because many patients do not have symptoms of CVD or a prior
diagnosis of CVD before a serious first event (eg, myocardial infarc-
tion [MI], stroke), identifying high-risk, asymptomatic individuals may
reduce future morbidity and mortality.6,7 Screening with ECG could
potentially reclassify people (into higher- or lower-risk categories) in
a manner that results in treatment changes that improve health out-
comes. In 2012, the USPSTF recommended against screening with
ECG in asymptomatic adults at low risk for CHD events (D recommen-
dation) and concluded that evidence was insufficient to assess the
balance of benefits and harms of screening for those at intermedi-
ate or high risk (I statement). To inform an updated recommendation
by the USPSTF, the evidence on adding resting or exercise ECG to tra-
ditional risk factor assessment (vs using traditional risk factor assess-
ment alone) for screening asymptomatic adults for CVD risk in popu-
lations and settings relevant to US primary care was reviewed.

Methods
Scope of Review
Detai led methods and additional detai ls of results and
analyses are available in the full evidence report at https:
//www.uspreventiveservicestaskforce.org /Page/Document
/UpdateSummaryFinal/cardiovascular-disease-risk-screening
-with-electrocardiography. Figure 1 shows the analytic framework
and key questions (KQs) that guided the review.

Data Sources and Searches
PubMed/MEDLINE and the Cochrane Library were searched for
English-language articles published through May 2017. Search strate-
gies are listed in the eMethods in the Supplement. ClinicalTrials.gov and
the World Health Organization International Clinical Trials Registry plat-
form were searched for unpublished studies. To supplement electronic
searches, investigators reviewed reference lists of pertinent articles,
studies suggested by peer and federal partner reviewers, and com-
mentsreceivedduringpubliccommentingperiods.SinceMay2017,on-
going surveillance was conducted through article alerts and targeted
searches of journals to identify major studies published in the interim
that may affect the conclusions or understanding of the evidence and

the related USPSTF recommendation. The last surveillance was con-
ducted on April 4, 2018, and identified no additional eligible studies.

Study Selection
Two investigators independently reviewed titles, abstracts, and full-
text articles to determine eligibility using prespecified criteria for each
KQ (eTable 1 in the Supplement). Disagreements were resolved by
discussion. The review included English-language studies of adults
conducted in countries categorized as “very high” on the United Na-
tions Human Development Index. Only studies rated as good or fair
quality were included. Studies that focused on adults with a history
of CVD or symptoms suggesting CVD were excluded.

For all KQs, randomized clinical trials (RCTs) and nonrandom-
ized controlled intervention studies comparing groups that were
screened using ECG with groups that were not screened (ie, com-
paring risk stratification using ECG plus traditional risk factors vs risk
stratification using traditional risk factors alone) were eligible. For
KQ1 (direct evidence that screening improves health outcomes), eli-
gible outcomes included all-cause mortality, cardiovascular mortal-
ity, and cardiovascular events (MI, angina, stroke, congestive heart
failure, composite cardiovascular outcomes).

For KQ2 (calibration, discrimination, and reclassification), pro-
spective cohort studies comparing CVD risk assessment models that
included ECG findings with those that did not include ECG findings
were also eligible. Studies were not required to specifically use the
PCE or FRS to be eligible, although such studies have greatest appli-
cability to current practice. Studies were required to report reclas-
sification (ability to correctly reassign persons into clinically mean-
ingful risk categories), calibration (agreement between observed and
predicted outcomes), or discrimination (ability to distinguish between
persons who will and will not have an event) (eTable 2 in the Supple-
ment). Studies that only assessed the association between ECG find-
ings and outcomes (eg, with adjusted hazard ratios) were excluded.

For KQ3 (harms), prospective cohort studies, large retrospec-
tive cohort studies, and well-designed case-control studies (only for
rare events) were also eligible. Eligible harms included mortality, ar-
rhythmia, cardiovascular events, or injuries from exercise ECG; anxi-
ety; labeling; and harms of subsequent interventions initiated as a
result of screening. For studies reporting rates of harms from exer-
cise ECG or subsequent interventions, large registries or multi-
center studies without a control group that report rates of harms for
asymptomatic persons were eligible.

Data Extraction and Quality Assessment
For each included study, 1 investigator extracted pertinent informa-
tion about the populations, tests or treatments, comparators, out-
comes, settings, and designs, and a second investigator reviewed
this information for completeness and accuracy. Two independent
investigators assessed the quality of studies as good, fair, or poor,
using predefined criteria developed by the USPSTF and adapted for
this topic (eMethods in the Supplement).8 Disagreements were re-
solved by discussion. Individual study quality ratings are reported
in the eResults and eTables 3-8 in the Supplement.

Data Synthesis and Analysis
Findings for each question were summarized in tabular and narra-
tive format. To determine whether meta-analyses were appropri-
ate, clinical heterogeneity and methodological heterogeneity were
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assessed following established guidance.9 For KQ1, pooled effects
were not estimated because fewer than 3 similar studies were found,
but risk ratios and 95% CIs were calculated for binary outcomes re-
ported by the included RCTs. Statistical significance was assumed
when 95% CIs did not cross the null. All testing was 2-sided.

For KQ2, considerable heterogeneity was found for ECG find-
ings assessed, base prediction models, outcomes, and duration of
follow-up; therefore, the results are presented in tabular format
and in figures. Results are presented separately for exercise and
resting ECG. Within the studies of resting ECG, results were strati-
fied by whether studies evaluated the addition of a constellation of
ECG abnormalities vs single or specific ECG changes. Results were
categorized by the base models used as “published coefficient
models,” meaning the model preserved the coefficients of original
published models that have been externally validated (eg, FRS or
PCE), or as “model development.” For KQ2, the C statistic (Harrell
C) and area under the curve (AUC) were used as the primary mea-
sures of discrimination and were summarized together. Measures
of overall performance were summarized with those of calibration.
Net reclassification improvement (NRI) was the primary measure of

reclassification, with event and nonevent NRIs reported separately
when possible. Analyses were conducted and figures were pro-
duced using Stata version 14 (StataCorp) and Microsoft Excel.

The overall strength of the body of evidence was assessed for
each KQ as high, moderate, low, or insufficient using methods
developed for the USPSTF (and the Evidence-based Practice Cen-
ter program), based on the overall quality of studies, consistency
of results between studies, precision of findings, and risk of
reporting bias.8

Results
A total of 16 studies (17 articles) with 77 140 participants were in-
cluded (Figure 2).

Benefits of Screening
Key Question 1a. Does the addition of screening with resting or ex-
ercise ECG improve health outcomes compared with traditional CVD
risk factor assessment alone in asymptomatic adults?

Figure 1. Analytic Framework and Key Questions: Screening for Cardiovascular Disease Risk With Resting or Exercise Electrocardiography

Adults without
symptoms or a
diagnosis of CVDa

2

1

3

Harms of screening Harms of preventive
measuresb

Screening with resting
or exercise ECG

Preventive medications
or lifestyle counselingb

Measures of reclassification (new CVD risk after
screening test), calibration, or discrimination All-cause mortality

Cardiovascular mortality
Cardiovascular events

Health outcomes

Key questions

1 a. Does the addition of screening with resting or exercise ECG improve health outcomes compared with traditional CVD risk factor

assessment alone in asymptomatic adults?

b. Does improvement in health outcomes vary for subgroups defined by baseline CVD risk (eg, low, intermediate, or high risk), age, sex,

or race or ethnicity?

3 a. What are the harms of screening with resting or exercise ECG, including harms of subsequent procedures or interventions initiated as a

result of screening?

b. Do the harms vary for subgroups defined by baseline CVD risk (eg, low, intermediate, or high risk), age, sex, or race or ethnicity?

2 Does the addition of screening with resting or exercise ECG to traditional CVD risk factor assessment accurately reclassify persons into

different risk groups (eg, high-, intermediate-, and low-risk groups) or improve measures of calibration and discrimination?

Evidence reviews for the US Preventive Services Task Force (USPSTF) use an
analytic framework to visually display the key questions (KQs) that the review will
address to allow the USPSTF to evaluate the effectiveness and safety of a
preventive service. The questions are depicted by linkages that relate to
interventions and outcomes. Outcomes of interest are depicted using a rectangle;
intermediate outcomes are in rounded rectangles and health outcomes have
squared corners. Further details are available from the USPSTF procedure
manual.8 CVD indicates cardiovascular disease; ECG, electrocardiography.
a Includes adults regardless of their CVD risk (those with low, intermediate,

or high risk are eligible) as assessed by traditional risk factors (those included
in Framingham risk models): male sex, older age, cigarette smoking,
hypertension, dyslipidemia (high total cholesterol level, high low-density
lipoprotein cholesterol level, or low high-density lipoprotein cholesterol level),
and diabetes.

b This systematic review does not include KQs about the benefits and harms
of preventive medications to reduce cardiovascular risk (ie, aspirin and
lipid-lowering therapy) or the benefits and harms of lifestyle counseling, because
those have been addressed by other systematic reviews for the USPSTF.
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Key Question 1b. Does improvement in health outcomes
vary for subgroups defined by baseline CVD risk (eg, low, inter-
mediate, or high risk), age, sex, or race/ethnicity?

No eligible trials evaluated screening with resting ECG. Two fair-
quality RCTs (DYNAMIT [Do You Need to Assess Myocardial Ische-
mia in Type-2 Diabetes]10 and DADDY-D [Does Coronary Athero-
sclerosis Deserve to Be Diagnosed Early in Diabetic Patients]11) with
a total of 1151 participants that evaluated screening with exercise ECG
in high-risk, asymptomatic adults aged 50 to 75 years with diabe-
tes were included (Table 1). DYNAMIT evaluated a bicycle exercise
test,10 whereas DADDY-D evaluated an exercise treadmill test.11

Neither trial reached its sample size target.
Neither study found a statistically significant reduction in any cat-

egory of events for screening compared with no screening, including
theirprimarycompositeoutcomes—all-causemortality,cardiovascular-
related mortality, MI, heart failure, or stroke—although findings were
imprecise (Figure 3; eTable 9 in the Supplement). In DYNAMIT, there
was no significant difference between groups for the primary com-
posite end point—death from all causes, nonfatal MI, nonfatal stroke,
or heart failure requiring hospitalization or emergency service inter-

vention (28 vs 26 events; hazard ratio, 1.00 [95% CI, 0.59-1.71]). In
DADDY-D, there was no significant difference between groups for the
primary outcome—cardiac events defined as a composite of nonfatal
MI or cardiac death (12 vs 14 events; hazard ratio, 0.85 [95% CI, 0.39-
1.84]). Subgroup analyses from the DADDY-D trial found no statisti-
cally significant differences between groups based on sex, age, or car-
diovascular risk for the primary outcome.

Discrimination, Calibration, and Reclassification
Key Question 2. Does the addition of screening with resting or exer-
cise ECG to traditional CVD risk factor assessment accurately reclas-
sifypersonsintodifferentriskgroups(eg,high-, intermediate-,andlow-
risk groups) or improve measures of calibration and discrimination?

Exercise ECG
Of the 14 included studies for KQ2, 5 fair-quality cohort studies (9582
participants) evaluated exercise ECG (Table 2).12-16 All participants
were from cardiology or prevention centers in hospitals. Four of the
studies reported that all participants were asymptomatic; 1 reported
that 16.5% had atypical chest pain symptoms and had undergone both

Figure 2. Literature Search and Flow Diagram: Screening for Cardiovascular Disease Risk With Resting or Exercise Electrocardiography

4444 Citations identified through database search
4036 PubMed

287 Cochrane Library
121 ClinicalTrials.gov and WHO ICTRP

151 Citations identified through other sources
82 References from 2011 USPSTF systematic

review of CVD risk assessment tools

6 Grey literature (eg, hand searching,
reference list review)

63 References from 2011 USPSTF update of
2004 systematic review of screening for
CHD with resting or exercise ECG

4071 Citations excluded based on review
of title and abstract

507 Full-text articles excluded
1 Non-English language

 111 Ineligible population
 112 Ineligible or no screening

or treatment
75 Ineligible or no comparison

163 Ineligible or no outcome
1 Ineligible setting

43 Ineligible study design
1 Poor quality

14 Articles (14 studies) included for KQ2a3 Articles (2 studies) included for KQ1a 1 Article (1 study) included for KQ3a

17 Articles (16 studies) included in
systematic review

4595 Titles and abstracts screened

524 Full-text articles assessed for
eligibility for all KQs

CHD indicates coronary heart disease; CVD, cardiovascular disease; ECG, electrocardiography; ICTRP, International Clinical Trials Registry Platform; KQ, key question;
USPSTF, US Preventive Services Task Force; WHO, World Health Organization.
a The sum of the number of studies per KQ exceeds the total number of studies because some studies were applicable to multiple KQs.
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coronary artery calcium scoring and single-photon emission com-
puted tomography for “clinically indicated reasons.”13 Mean baseline
FRS score was 10.8 to 12.3 in studies reporting it.13-15 The frequency
of abnormal exercise test findings across included studies ranged from

6.4% to 16.7% (eTable 10 in the Supplement). Mean duration of follow-
up ranged from 6 to 8 years in 4 studies; 1 had 26 years of follow-up.16

Results of the included studies are shown in Figure 4 and
Figure 5, and in eTable 5 and eFigures 1 and 2 in the Supplement. All

Figure 3. Main Results of Included Randomized Clinical Trials Reporting Health Outcomes (KQ1)

Favors
Screening

Favors Not
Screening

0.02 8.01.00.1
Relative Risk (95% CI)

Intervention Group

Persons With
Event, No.

Persons Without
Event, No.

Control Group

Persons With
Event, No.

Persons Without
Event, No.Source

Primary composite outcome

Relative Risk
(95% CI)

28 26288 289DYNAMIT,10 2011 1.07 (0.64-1.79)
12 14250 244DADDY-D,11 2015 0.84 (0.40-1.79)

Myocardial infarction
4 8312 307DYNAMIT,10 2011 0.50 (0.15-1.64)

11 12251 246DADDY-D,11 2015 0.90 (0.41-2.01)
Heart failure

5 4311 311DYNAMIT10 2011 1.25 (0.34-4.60)
2 7260 251DADDY-D,11 2015 0.28 (0.06-1.34)

All-cause mortality
15 13301 302DYNAMIT,10 2011 1.15 (0.56-2.38)

Cardiovascular-related mortality
1 5261 253DADDY-D,11 2015 0.20 (0.02-1.67)

Stroke
9 4307 311DYNAMIT,10 2011 2.24 (0.70-7.21)

Size of data markers indicates relative number of events in the study compared
with other studies reporting the same outcome. For the DYNAMIT (Do You Need
to Assess Myocardial Ischemia in Type-2 Diabetes) trial, the primary composite
outcome was defined as death from all causes, nonfatal myocardial infarction,
nonfatal stroke, or heart failure requiring hospitalization or emergency service
intervention. DYNAMIT did not report data for cardiovascular-related deaths. For
other cardiovascular events, DYNAMIT reported no significant differences
between groups for revascularization (18 vs 21, P = .61). For the DADDY-D (Does

Coronary Atherosclerosis Deserve to Be Diagnosed Early in Diabetic Patients) trial,
the primary composite outcome was defined as first cardiac event, specifically
nonfatal myocardial infarction or cardiac death. DADDY-D reported 19 total deaths
(6 cardiac and 13 noncardiac) and 7 total strokes but did not report in which group
those occurred. Relative risks (RRs) and 95% CIs calculated using the numbers of
events reported by the trials. The trials also reported hazard ratios (HRs) for the
primary outcomes (HR, 1.00 [95% CI, 0.59-1.71] in DYNAMIT; HR, 0.85 [95% CI,
0.39-1.84] in DADDY-D). KQ indicates key question.

Table 1. Characteristics of Randomized Clinical Trials That Evaluated Screening With Exercise ECG vs No Screening (KQ1 and KQ3)a

Source
Source of
Patients

Screening
Approach

Age,
Mean (SD)
[Range], y

No. (%) Mean (SD) Mean
Follow-up,
yWomen Hypertension Smokers

10-y CV
Risk, % HbA1c, % BMIb

DYNAMIT
Lievre et al,
201110

(France)

45 Hospitals;
ambulatory
patients who
consulted a
diabetes
specialist

Bicycle exercise
ECG (or
dipyridamole
SPECT, 31%)c

316 Screened
315 Not
screened

63.9 (5.1)
[55-75]

NR (45) NR
(88.8)

NR
(16.6)d

NR 8.6
(2.1)

30.6
(5)

3.5

DADDY-D
Turrini
et al,11

2015
(Italy)

2 Diabetes
outpatient
clinics at 1
center

Exercise ECGe

262 Screened
258 Not
screened

61.9 (5)
[50-70]

53 (20) NRf 104
(38.7)

20
(9)g

7.7
(2)

30.1
(6)

3.6

Abbreviations: CV, cardiovascular; DADDY-D, Does Coronary Atherosclerosis
Deserve to Be Diagnosed Early in Diabetic Patients; DYNAMIT, Do You Need to
Assess Myocardial Ischemia in Type-2 Diabetes; ECG, electrocardiogram; HbA1c,
glycated hemoglobin; KQ, key question; NR, not reported; SPECT, single-photon
emission computed tomography.
a Both studies were of fair quality. Neither study reported data on patient

race/ethnicity.
b Calculated as weight in kilograms divided by height in meters squared.
c SPECT was used in patients unable to perform the exercise test, with a

submaximal negative exercise test finding, or with ECG abnormalities
impairing interpretation of the exercise test. Those with positive findings were
referred to cardiologists, and all subsequent investigations and treatments
were at the cardiologist’s discretion (ie, no protocol for that part of the process
related to angiography vs no angiography; pragmatic approach).

d Tobacco consumption (not specified in the article if limited to smoking).
e Maximal symptom-limited exercise treadmill test performed following

American Heart Association guidelines. Submaximal test findings were
considered not diagnostic and did not lead to any further investigations.
Coronary angiography was proposed to all patients with positive exercise
treadmill test findings; choices to perform stenting or surgery were
determined according to the European Guidelines by 2 interventional
cardiologists and a cardiac surgeon after reviewing coronary anatomy.

f Antihypertensive treatment received by 74.3% of study patients; mean
systolic blood pressure, 140 mm Hg.

g Required cardiovascular risk score of �10% for eligibility, risk determined
according to Italian risk chart (includes sex, diabetic status, age, cigarette
smoking status, systolic blood pressure, serum cholesterol level).
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3 of the studies reporting discrimination for the addition of exer-
cise ECG variables to traditional risk factors12,13,15 reported small ab-
solute improvements in AUC or C statistics (0.02-0.03). None of the
studies reported CIs, and only 1 reported a P value; that value indi-
cated no statistically significant difference between models (P = .3).13

Of the 4 studies that reported calibration or overall performance of
models that added exercise ECG findings to traditional risk
factors,13-16 none reported figures such as calibration plots, but 1 pro-
vided a table of predicted and observed events for quintiles of risk.16

All 4 studies reported different measures, and results were incon-
sistent (eResults and eTable 11 in the Supplement).

The 1 study that reported on reclassification from adding exercise
ECG to traditional CVD risk factor assessment (Chang et al, 201513; 988
participants) used categories defined by 10-year risk of cardiac events

of less than 6%, 6% to 20%, and more than 20%.13 Although adding
exercise testing variables to the base model (FRS variables) did not
significantly improve discrimination (change in AUC, 0.02; P = .3), the
study found that adding the presence or absence of stress-induced
ischemia detected during symptom-limited exercise treadmill testing
to the base model improved risk classification in participants both over-
all(totalNRI,9.6%;P = .007)andintheintermediate-riskgroup(18.9%;
P = .01). It did not report event NRI and nonevent NRI.

Resting ECG
Of the included studies for KQ2, 9 (68 475 participants) evaluated
resting ECG (Table 3).17-25 Five evaluated multiple ECG changes, in-
cluding either a constellation of major and minor ECG changes or an
ECG risk equation (that included multiple ECG changes).17,18,20,23,24

Figure 4. Effect on Discrimination of Adding Exercise or Resting ECG Variables to Framingham Risk Score or Pooled Cohort Equations Base Models

0.6 0.90.8
AUC (95% CI)

0.7

Outcome
Base
Model

With
Event Total

Specific ECG
Findings EvaluatedSource

Exercise ECG
AUC (95% CI)

Cournot et al,15 2009 Coronary events Positive exercise test FRS 94 2709

Base model 0.73 (NR)

Base model + ECG 0.76 (NR)

Resting ECG: multiple changes

Shah et al,24 2016 All-cause mortality ECG risk equation FRS 810 6329

Base model 0.71 (0.69-0.73)a

Base model + ECG 0.75 (0.74-0.77)

Resting ECG: single change

Badheka et al,19 2013 CVD mortality T-wave amplitude in aVR FRS 1226 7928

Base model 0.81 (0.80-0.82)

Base model + ECG 0.82 (0.81-0.83)

Shah et al,24 2016 All-cause mortality ECG risk equation PCE 810 6329

Base model 0.73 (0.71-0.75)a

Base model + ECG 0.76 (0.74-0.77)

Badheka et al,18 2013 CVD mortality Major or minor changes FRS 739 6025

Base model 0.85 (0.84-0.87)a

Base model + ECG 0.85 (0.84-0.87)

Shah et al,24 2016 CVD mortality ECG risk equation FRS 282 6329

Base model 0.76 (0.73-0.78)a

Base model + ECG 0.80 (0.77-0.82)

Shah et al,24 2016 CVD mortality ECG risk equation PCE 282 6329

Base model 0.76 (0.73-0.78)a

Base model + ECG 0.80 (0.78-0.83)

Shah et al,24 2016 Fatal IHD ECG risk equation FRS 166 6329

Base model 0.79 (0.76-0.82)a

Base model + ECG 0.82 (0.79-0.85)

Shah et al,24 2016 Fatal IHD ECG risk equation PCE 166 6329

Base model 0.80 (0.77-0.83)a

Base model + ECG 0.82 (0.79-0.84)

Denes et al,20 2007 CVD events Major or minor changes FRS 595 1264

Base model 0.68 (0.62-0.77)

Base model + ECG 0.70 (0.65-0.79)

Denes et al,20 2007 CHD events Major or minor changes FRS 246 1264

Base model 0.69 (0.61-0.86)

Base model + ECG 0.74 (0.66-0.90)

No. of Persons

Black data markers indicate base model; orange data markers, base model plus electrocardiography (ECG). AUC indicates area under the curve; CHD, coronary heart
disease; CVD, cardiovascular disease; FRS, Framingham Risk Score; IHD, ischemic heart disease; NR, not reported; PCE, Pooled Cohort Equations.
a Study reported C statistic rather than AUC.
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Four evaluated only single ECG changes.19,21,22,25 Duration of follow-
up ranged from 620 to 19 years.24 Overall, the studies reported little
or no information about participants’ baseline symptoms.

Of the 5 studies that evaluated the addition of multiple ECG ab-
normalities to traditional risk factors,17,18,20,23,24 4 used FRS or PCE base
models (with published coefficients) for some analyses.17,18,20,24 The
frequency of ECG abnormalities across these studies ranged from 31%

to 55% (eTable 12 in the Supplement). The studies reported absolute
improvements in AUC or C statistics of 0.001 to 0.05 (Figure 4; eFigure
1 in the Supplement). Of the 3 studies that reported calibration or over-
all performance for the addition of multiple ECG abnormalities,17,18,20

none reported figures such as calibration plots. The studies reported
a variety of measures indicating improved calibration among the 2
studies using published coefficients of FRS18,20 but poor calibration

Figure 5. Effect on Reclassification of Adding Resting ECG Variables to Framingham Risk Score or Pooled Cohort Equations Base Models

0 3020105–5 15 25
NRI, % (95% CI)

Outcome
Base
Model

With
Event Total

Specific ECG
Findings EvaluatedSource

Resting ECG: multiple changes

NRI, %
(95% CI)

Shah et al,24 2016 All-cause mortality ECG risk equation FRS 810 6329
Total NRIa 30 (NR)
Event NRIa 11 (NR)

Resting ECG: single change
Badheka et al,19 2013 CVD mortality T-wave amplitude in aVR FRS 1226 7928

Nonevent NRIa 19 (NR)

Shah et al,24 2016 All-cause mortality ECG risk equation PCE 810 6329
Total NRIa 19 (NR)
Event NRIa 7 (NR)
Nonevent NRIa 12 (NR)

Badheka et al,18 2013 CVD mortality Major or minor changes FRS 739 6025
Total NRIb 3.6 (NR)
Event NRIb 3.0 (NR)
Nonevent NRIb 0.6 (NR)

Shah et al,24 2016 CVD mortality ECG risk equation FRS 282 6329
Total NRIa 25 (NR)
Event NRIa 12 (NR)
Nonevent NRIa 13 (NR)

Shah et al,24 2016 CVD mortality ECG risk equation PCE 282 6329
Total NRIa 25 (NR)
Event NRIa 11 (NR)
Nonevent NRIa 14 (NR)

Shah et al,24 2016 Fatal IHD ECG risk equation FRS 166 6329
Total NRIa 24 (NR)
Event NRIa 17 (NR)
Nonevent NRIa 7 (NR)

Shah et al,24 2016 Fatal IHD ECG risk equation PCE 166 6329
Total NRIa 14 (NR)
Event NRIa 9 (NR)
Nonevent NRIa 5 (NR)

Auer et al,17 2012 CHD events Major or minor changes FRS 351 2192
5.7Total NRIc

(–0.4 to 11.8)

Total NRIb 7.0 (5.0 to 9.0)
Event NRIb 2.7 (NR)
Nonevent NRIb 2.3 (NR)

No. of Persons

Total net reclassification improvement (NRI; black data markers) indicates the sum
of the event NRI (net upward reclassification among persons who had an event;
orange data markers) and the nonevent NRI (net downward reclassification among
persons who did not have an event; blue data markers). For some studies, only the
total NRI is provided because the data for event and nonevent NRI were not
reported. Nonevent NRI is calculated as the proportion of persons without an event
who were appropriately reclassified into a lower risk group minus the proportion of
those without an event who were inappropriately reclassified into a higher risk
group. Event NRI is calculated as the proportion of persons with an event who were
appropriately reclassified into a higher risk group minus the proportion of those
with an event who were inappropriately reclassified into a lower risk group.
Although an overall positive value of NRI indicates net appropriate reclassification,

the clinical implications can be very different if the majority of patients are those
with events being shifted into higher-risk categories (event NRI), vs those without
events being shifted into lower-risk categories (nonevent NRI). The addition of
electrocardiographic (ECG) abnormalities to conventional risk factors improves
total NRI in both cases, but one might lead to an increase in preventive
medications, while the other suggests a possible reduction in the use of preventive
medications. CHD indicates coronary heart disease; CVD, cardiovascular disease;
FRS, Framingham Risk Score; NR, not reported; PCE, Pooled Cohort Equations.
a Categories of 10-year risk: <1%, 1% to <5%, 5% to <10%, �10%.
b Categories of 10-year risk: <5%, 5% to <10%, 10% to <20%, �20%.
c Categories of 10-year risk: <7.5%, 7.5% to <15%, �15%.
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in 1 model development of older adults aged 70 to 79 years17 (eResults
and eTable 13 in the Supplement).

Four of the 5 studies evaluating multiple ECG changes reported
NRI,andallbut123 providedeventNRIornoneventNRIdata(orthedata
to calculate them) for some models (Figure 5; eResults, eTable 13, and
eFigure 2 in the Supplement).17,18,23,24 One study used the base model
for risk prediction (ie, PCE) and some risk thresholds corresponding to
currentUSPSTFrecommendationsforpreventivemedications.24 Over-
all, total net reclassification improvements ranged from 3.6% (2.7%
event; 0.6% nonevent) to 30% (17% event; 19% nonevent) for stud-
ies using FRS or PCE base models (95% CIs were rarely reported)
(Figure5).Evidencewaslimitedbyimprecision(orunknownprecision),
quality,andconsiderableheterogeneity.Consistencyoffindingsforspe-
cific risk thresholds is unknown because all studies used different risk
categories. Results of studies that evaluated single ECG changes are
provided in the eResults in the Supplement.

Harms of Screening
Key Question 3a. What are the harms of screening with resting or
exercise ECG, including harms of subsequent procedures or inter-
ventions initiated as a result of screening?
Key Question 3b. Do the harms of screening vary for subgroups de-
fined by baseline CVD risk (eg, low, intermediate, or high risk), age,
sex, or race/ethnicity?

One RCT described in KQ1, the DADDY-D trial, was included for
this KQ. It reported on harms from subsequent interventions initi-
ated as a result of screening.11 Twenty of 262 participants (7.6%) in
the screened group had positive exercise treadmill test findings.
Of those 20 participants, 17 underwent coronary angiography (6.5%
of the 262 in the screened group). Angiography revealed critical ste-
nosis (not defined) in 12 of those 17 (71%), and all patients with criti-
cal stenosis underwent revascularization procedures (7 percutane-
ous and 5 surgical). One patient undergoing percutaneous
revascularization had a nonfatal acute MI 3 days after the procedure
and underwent a second percutaneous angioplasty. His ejection frac-
tion was reported to be normal 6 months later.

The other trial described in KQ1 (DYNAMIT) reported the num-
ber of some subsequent tests but did not report whether any of the
tests or interventions resulted in harms.10

Discussion
Table 4 provides the summary of findings. The overall strength of evi-
dence was low or insufficient for each of the questions evaluated. No
RCTs of screening with resting ECG were found. RCTs of exercise ECG
in asymptomatic participants found no improvement in health out-
comes despite focusing on higher-risk populations with diabetes, al-
though those trials were limited by not reaching sample size targets.
Evidence on whether the addition of exercise ECG to traditional CVD
risk factors results in accurate reclassification is lacking. For resting ECG,
the addition of multiple abnormalities to traditional CVD risk factors
accurately reclassified persons and improved discrimination and cali-
bration, but evidence was limited by imprecision, quality, consider-
able heterogeneity, and inconsistent use of risk thresholds that align
with recommendations and current clinical practice.

Two RCTs evaluated screening with exercise ECG. The participants
were higher-risk groups that would be, in theory, more likely to ben-

efit from screening to identify silent ischemia. However, screening
with exercise ECG, followed by referral to cardiology (DYNAMIT) or
recommendation for coronary angiography (DADDY-D) for those with
abnormal exercise ECG findings, did not improve health outcomes.
Some key limitations of the trials include not reaching sample size tar-
gets and only following up participants for about 3.5 years. Findings
from the 2 studies were consistent, but the overall strength of evi-
dence for whether screening with exercise ECG improves health out-
comes was low (for no benefit) because of imprecision and risk of bias.

Limited direct evidence was found on harms of screening asymp-
tomaticadults.PotentialharmsofscreeningwithexerciseorrestingECG
include mortality, arrhythmia, cardiovascular events, injuries, anxiety,
labeling, and harms of subsequent procedures or interventions. Both
DYNAMIT and DADDY-D reported on subsequent interventions after
abnormal exercise test findings, but only DADDY-D reported whether
any of those resulted in harms (1/12 had an MI). No other eligible stud-
ies reported harms for asymptomatic adults. Studies without control
groups were eligible if they were multicenter studies or registries that
reported rates of harms from exercise ECG or subsequent procedures
or interventions specifically for asymptomatic persons. This approach
excludedasingle-sitestudyof377asymptomaticmilitaryofficers(mean
age, 37 years) that reported no complications during exercise testing.26

Many other studies have reported rates of angiography (but no in-
formationonharms)forasymptomaticpersonsafterexerciseECG,rang-
ing from 0.6% to 13%, and usually less than 3%.12,14,26-34 Rates of sub-
sequent revascularization have also been reported by some, with those
studies estimating lower rates than those reported by DADDY-D and
DYNAMIT (eg, 0.1%-0.5% in 2 studies with 1051-3554 participants).12,14

Little is known about the harms of revascularization procedures for
adultswithoutsymptomsorapriordiagnosisofCVD(eContextualQues-
tionsintheSupplement).Regardlessofsymptomstatus,someteststhat
follow an abnormal ECG finding expose patients to radiation, including
coronary angiography, computed tomography angiography, and myo-
cardialperfusionimaging.35 Coronaryangiographycanexposepatients
to as much radiation as 600 to 800 chest radiographs.36

Studies that focused on symptomatic adults have reported rates
of harms of exercise ECG and harms of subsequent interventions.
Recommendations for exercise laboratories estimate a complica-
tion rate of 1 in 10 000,37 referencing a review that reported rates
of sudden cardiac death from 0 to 5 per 100 000 tests.37,38 The rec-
ommendations also provided estimates from survey data for hos-
pitalization including serious arrhythmias (�0.2%), MI (0.04%), or
sudden cardiac death (0.01%).37,39

No consensus exists for the thresholds that should be consid-
ered clinically significant changes in discrimination, calibration, or
reclassification. Appropriate reclassification has the most direct clini-
cal meaning, but studies must use meaningful risk categories (ie, that
correspond to clinical decisions, such as 7.5% or 10% 10-year risk)
to provide NRI results applicable to current clinical practice.

For exercise ECG, although evidence from cohort studies shows
that the addition of exercise ECG to traditional CVD risk factors re-
sults in small absolute improvements in discrimination, it is uncer-
tain whether calibration or appropriate risk classification im-
proves. Evidence was limited by imprecision and risk of bias for
all outcomes and by inconsistency or unknown consistency for cali-
bration and reclassification outcomes. Also, there was an absence
of evidence related to exercise ECG for healthy, low-risk persons
(eg, mean baseline FRS was 10.8-12.3 in studies reporting it).
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Table 4. Summary of Evidence for Screening With ECG

No. of Studies
(No. of Participants)

Summary of Main Findings
(Including Consistency and Precision) Strength of Evidence

Limitations
(Including Reporting Bias) Applicability

KQ1: Benefits of Screening With ECG
2 RCTs (fair quality)
(n = 1151)

Neither study found a statistically significant
reduction in events, including their primary
outcomes,a all-cause mortality, cardiovascular-
related mortality, MI, heart failure, or stroke.
Findings were consistent and imprecise.

Low for no benefit of
screening with
exercise ECG;
insufficient for
resting ECG; no
studies

Neither trial reached sample size
targets; stopped early because of
trouble recruiting. Not clear that 3.5
y of follow-up is sufficient. Masking
of outcome assessors and amount of
missing data NR in 1 trial.11

Reporting bias not detected.

Asymptomatic adults
aged 50-75 y with
diabetes undergoing
exercise ECG; both
trials enrolled
high-risk populations

KQ2: Reclassification, Calibration, and Discrimination for Exercise ECG
5 Cohort studies (fair quality) (n = 9582)

Discrimination 3 studies: small absolute improvement in AUC or C
statistics (0.02-0.03); none reported 95% CIs; 1
reported P = .3 (no significant difference between
models). Consistent; imprecise.

Low for small
improvement

CIs for calibration or discrimination
NR (5 studies); mean duration of
follow-up <10 yd (4 studies),
reclassification NR (4 studies);
unknown masking of outcome
assessors (4 studies); not reporting
both discrimination and calibration
(3 studies); model development
studies (2 studies); unclear handling
and amount of missing data (2
studies). The 1 study reporting NRI
was a model development study, used
risk categories of <6% vs 6%-20% vs
>20%, and may have included many
symptomatic participants.e Reporting
bias not detected.

Adults without a
history of CVD; mean
age of participants
50-58 y; range of
females was 0%-38%;
race/ethnicity NR in
most (4 studies).
Mean baseline FRS
score was 10.8-12.3
in studies reporting it
(3 studies);
intermediate risk, on
average

Calibration or
performance

4 studies; 2 studies FRS base model; all 4 used
different metrics;b none reported figures such as
calibration plots;c 3 studies reported improvement
with addition of exercise ECG variables; mixed results
for the 2 with FRS base models. Inconsistent;
imprecise.

Insufficient

Reclassification 1 model development study, n = 988: total NRI, 9.6%
(P = .007); intermediate-risk NRI, 18.9% (P = .01).
Consistency unknown; imprecise.

Insufficient

KQ2: Reclassification, Calibration, and Discrimination for Resting ECG
9 Cohort studies (8 fair, 1 good quality) (n = 66 407)

Discrimination 7 studies; 4 studies FRS or PCE base model; 4 studies
multiple ECG changes: very small to small absolute
improvement in AUC or C statistics (0.001-0.05); few
(3 studies) reported whether differences were
statistically significant. Consistent; imprecise.

Low for very small to
small improvement

Limited reporting on assessment of
symptoms; unclear what proportion
of participants were truly
asymptomatic; masking of outcome
assessors NR (8 studies), confidence
intervals for calibration or
discrimination NR (5 studies), not
reporting calibration (5 studies),
model development studies (4
studies), amount of missing data NR
(2 studies), and mean duration of
follow-up less than 10 y (2 studies).
For reclassification, few (3 studies)
included a threshold between risk
categories corresponding to the
recommendations for preventive
medications (ie, 7.5% or 10%
10-y risk).

Adults without a
history of CVD; mean
age of participants,
54-73 y; majority
were women in all
studies; range of
nonwhite participants
in those who reported
race/ethnicity (6
studies) was 9%-41%.
Mean baseline risk
ranging from low to
high across studies.

Calibration or
performance

4 studies; 2 studies FRS + major/minor ECG changes;
1 study FRS + specific T-wave change: no studies
reported calibration plots; variety of metrics used;
good calibration with addition of major or minor
changes (2 studies) or T-wave amplitude in lead aVR
(1 study) to FRS. Poor calibration with addition of
major or minor changes to FRS variables (1 model
development study of adults aged 70-79 y).
Consistent among 3 studies using published
coefficients; imprecise.

Low for improvement

Reclassification 7 studies, 59 123 participants; 3 studies FRS or
PCE + multiple ECG changes; 1 study FRS + specific
T-wave change. Overall, total NRIs range from 3.6%
(2.7% event; 0.6% nonevent) to 30% (17% event;
19% nonevent) for studies using FRS or PCE base
models (95% CIs rarely reported).f

Consistent in all showing improved NRI, but
inconsistent for estimates of NRI and outcomes
assessed; consistency unknown for specific risk
categories because all studies used different risk
categories; imprecise.

Low for improvement

KQ3: Harms of Screening With ECG
1 RCT (fair quality)
(n = 520)

1 patient of 12 (8.3%) undergoing revascularization
procedures after positive exercise treadmill test in
the DADDY-D trial had a nonfatal acute MI 3 d after
percutaneous revascularization and underwent a
second percutaneous angioplasty.g Consistency
unknown (single study); imprecise.

Insufficient Trial focused on assessing benefits;
did not reach sample size target; not
clear that mean of 3.6 y of follow-up
is sufficient; masking of outcome
assessors NR and amount of missing
data NR. Reporting bias not detected.

Asymptomatic adults
aged 55- 75 y with
diabetes undergoing
screening with
exercise ECG

a For the primary composite outcomes, hazard ratios were 1.00 (0.59 to 1.71) for
a composite of death from all causes, nonfatal MI, nonfatal stroke, or heart
failure requiring hospitalization or emergency service intervention and 0.85
(0.39 to 1.84) for a composite of nonfatal MI or cardiac death.

b Metrics included likelihood ratio test; Akaike information criteria, Brier score,
and Hosmer-Lemeshow χ2; global χ2; and predicted and observed events.

c One model development study provided a table of predicted and observed
events for quintiles of risk.16

d The only study reporting longer follow-up covered 26 years, but it did not
account for high-density lipoprotein cholesterol levels in analyses.16

e Of these, 16.5% had atypical chest pain, and participants were a subset of
those having coronary artery calcium score and single-photon emission
computed tomography for “clinically indicated reasons.”13

f For multiple ECG changes (on resting 12-lead ECG), total NRIs for studies using
any base model ranged from 1.9% (−0.2% event NRIs; 0.6% nonevent NRIs)
to 30% (17% event NRIs; 19% nonevent NRIs).

g The DADDY-D trial reported that 20/262 participants (7.6%) in the screened
group had positive exercise treadmill test findings. Of those 20, 17 underwent
coronary angiography (6.5% of 262). Angiography revealed critical stenosis (not
defined) in 71% (12/17), and all patients with critical stenosis underwent
revascularization (7 percutaneous, 5 surgical). The DYNAMIT trial (included in
KQ1) reported the number of some subsequent tests but did not report whether
any tests or interventions resulted in harms; adverse events during follow-up
were not recorded.10 Of 316 participants in the screened group, 68 (21.5%) had a
definitely abnormal or uncertain result (exercise test or SPECT). Of those, 38
underwent coronary angiography (12% of 316) and 9 subsequently underwent
coronary angioplasty (7/9 received stents) and 3 had CABG surgery.
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For resting ECG, evidence from cohort studies shows that the
addition of ECG findings to traditional CVD risk factors results in small
improvements (at best) in discrimination and in improvements for cali-
brationandappropriateriskclassificationforpredictionofall-causemor-
tality, CVD mortality, CHD events, or CVD events. However, evidence
was limited by imprecision, risk of bias, and considerable heterogeneity
in prediction models, risk thresholds (all studies used different risk cat-
egories), type of ECG abnormalities, and outcomes assessed. The re-
ported discrimination of base models varied widely, ranging from inad-
equatetoexcellent(AUCorCstatisticsfrom0.58to0.85), likelybecause
of the different outcomes, patient populations, and base models used.

Figure 5 might suggest potential value in reclassification based
on the addition of major and minor resting ECG changes to existing
models (PCE or FRS) because studies reported increases in total ap-
propriate reclassification (total NRI), appropriate reclassification of
persons with events to higher-risk categories (event NRI), and ap-
propriate reclassification of persons without events to lower-risk cat-
egories (nonevent NRI).

However, there are important limitations. First, no 2 studies evalu-
ated the same model, risk category thresholds, and outcome. Sec-
ond, no CIs were provided for most of those data. Third, NRI is highly
dependent on risk category thresholds, which varied widely across
studies. Fourth, evaluating risk reclassification using 4 categories to
determine NRI may inflate the NRI because each reclassification in-
creases NRI, regardless of whether the change would correspond to
different treatment decisions. Fifth, a single study24 accounts for 6
of the 9 rows in Figure 5. It reported NRI for 3 different base models
for prediction of several mortality outcomes but did not evaluate pre-
diction of CHD or CVD events because it used data that do not have
that capability. The study did not report the full reclassification table
to show how much of the NRI was accounted for by reclassification
that should change clinical decisions (eg, from 5%-9.9% to �10%)
vs how much was accounted for by reclassification that would have
no effect on clinical decisions and outcomes (eg, from 1%-4.9% to <1%
for persons without events).24 It was also the only study that evalu-
ated adding an ECG risk equation to base models. Sixth, another
study17 in Figure 5 had only 7.5 years of follow-up and focused on el-
derly participants aged 70 to 79 years. It is uncertain whether risk re-
classification could provide clinically useful information for this popu-

lation, given recent evidence on lack of benefit of statins for primary
prevention in persons of similar age40 and the USPSTF I statement
on initiation of aspirin for primary prevention for older adults.

Additionally, for the studies of resting ECG, it is unclear what pro-
portion of participants was truly asymptomatic. The proportion with
symptoms may be relatively low, given that the studies were popu-
lation based and most of them excluded persons with a history of
CVD, but it is uncertain whether enrolling even a small percentage
of symptomatic participants could artificially inflate estimates of ap-
propriate reclassification.

To better understand whether risk classification is improved in a
way that is likely to improve health outcomes, risk prediction studies
that evaluate the addition of ECG abnormalities to the PCE (as the base
model) would be most informative. Use of the PCE is recommended
by the USPSTF and American College of Cardiology/American Heart
Association to inform decisions about preventive medications. Only
1 included study used the PCE as the base model. Studies of a con-
stellation of resting ECG changes show greater potential than those
of single ECG changes and could be the focus of future research. Fu-
ture studies should use clinically meaningful risk categories that cor-
respond to recommendations about preventive medications to de-
termine how many persons are appropriately reclassified in a manner
that would lead to use of additional or fewer preventive medica-
tions. When considering the USPSTF recommendations for statins and
aspirin, evaluating NRI related to the 10% 10-year risk threshold is of
great interest. Future studies should evaluate asymptomatic popu-
lations and should exclude those with a history of CVD. Measures of
discrimination, calibration, and reclassification (including total, event,
and nonevent NRI) and their corresponding CIs should be reported.
Future studies detailing harms of screening are also needed.

Conclusions
RCTs of screening with exercise ECG found no improvement in health
outcomes, despite focusing on higher-risk populations with diabe-
tes. The addition of resting ECG to traditional risk factors accu-
rately reclassified persons, but evidence for this finding had many
limitations. The frequency of harms from screening is uncertain.
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