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E Invited Commentary
IMPORTANCE The resting electrocardiogram (ECG) is commonly performed page1044
for cardiovascular disease (CVD) screening purposes in Japan. However, evidence Supplemental content
is limited regarding the prognostic significance of ECG in clinical practice settings.

OBJECTIVE To investigate the association between ECG abnormalities and CVD outcomes
in a working-age population.

DESIGN, SETTING, AND PARTICIPANTS This nationwide cohort study included individuals
aged 35 to 65 years from the Japan Health Insurance Association database, which covers
approximately 40% (30 million) of the working-age population in Japan. Data from April 1,
2015, to March 31, 2022, were included, and analysis was conducted from October 1, 2022,
to April 11, 2024.

EXPOSURES Baseline ECG status (normal, 1 minor abnormality, =2 minor abnormalities,
or major abnormality).

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of overall death and
CVD hospital admission due to myocardial infarction, stroke, or heart failure. The secondary
outcome was developing a new major ECG abnormality over the years of screening.

RESULTS Of 3 698 429 individuals enrolled in the nationwide annual health check program
(mean [SD] age, 47.1 [8.5] years; 66.6% male), 623 073 (16.8%) had 1 minor ECG abnormality,
144 535 (3.9%) had 2 or more minor ECG abnormalities, and 56 921 (1.5%) had a major ECG
abnormality. During a median follow-up of 5.5 (IQR, 3.4-5.7) years, baseline ECG abnormality
was independently associated with an increased incidence of the composite end points of
overall death and CVD admission compared with normal ECG (incidence rates per 10 000
person-years: 92.7 [95% Cl, 92.2-93.2] for normal ECG, 128.5 [95% Cl, 127.2-129.9] for 1 minor
ECG abnormality, 159.7 [95% Cl, 156.6-162.9] for =2 minor ECG abnormalities, and 266.3
[95% Cl, 259.9-272.3] for a major ECG abnormality; adjusted hazard ratios: 1.19 [95% Cl,
1.18-1.20] for T minor ECG abnormality, 1.37 [95% Cl, 1.34-1.39] for =2 minor ECG
abnormalities, and 1.96 [95% Cl, 1.92-2.02] for a major ECG abnormality). Furthermore,

the presence and number of minor ECG abnormalities were associated with an increased
incidence of developing new major ECG abnormalities (incidence rates per 10 000
person-years: 85.1[95% Cl, 84.5-85.5] for normal ECG, 217.2 [95% Cl, 215.5-219.0] for 1 minor
ECG abnormality, and 306.4 [95% Cl, 302.1-310.7] for =2 minor ECG abnormalities; and
adjusted hazard ratios: 2.52 [95% Cl, 2.49-2.55] for 1 minor ECG abnormality and 3.61

[95% Cl, 3.55-3.67] for =2 minor ECG abnormalities). Associations were noted regardless

of baseline CVD risk.

CONCLUSIONS AND RELEVANCE The findings of this study suggest that the potential role of
routine ECG screening for early prevention of CVD events, along with the optimal follow-up
strategy, should be examined in future studies.
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ardiovascular disease (CVD) is the leading cause of mor-

tality in the US and globally."? Particularly, 6.2 million

people died of CVD between the ages of 30 and 70 years
in 2019, and the rate of premature CVD mortality continues to
rise, underscoring its substantial burden.>* Thus, identify-
ing high-risk individuals is crucial for CVD prevention, as key
drugs for properly managing atherosclerotic factors have been
developed.>” The resting electrocardiogram (ECG) has been
proposed for screening purposes in asymptomatic popula-
tions as it is the most widely used, accessible, and least inva-
sive cardiovascular test. However, the ECG may not be cost-
effective and may potentially increase an unnecessary testing
and care cascade through incidental findings.® Because of
insufficient evidence on whether screening ECG can improve
health outcomes, the US Preventive Services Task Force® and
the European Society of Cardiology'® do not recommend per-
forming screening ECG for individuals at low risk of CVD.

According to the recent US Preventive Services Task Force
guideline, “a considerable number of studies have reported
hazard ratios [HRs] and other measures of association be-
tween ECG changes and cardiovascular outcomes.” More than
30 studies have assessed the association of ECG abnormali-
ties with the risk of cardiovascular events.'? However, the evi-
dence on the clinical utility of routine ECG in the general
population remains insufficient because most of the existing
literature consists of observational studies conducted on out-
dated, nongeneral populations'?° and for limited ECG abnor-
malities or outcomes.?°?” Furthermore, since these studies
assessed the association of 1 baseline ECG result with clinical
outcomes, there is a lack of evidence regarding the associa-
tion of minor ECG abnormalities with the development
of major ECG abnormalities.

Therefore, using a large nationwide database from the
health insurance association in Japan, we investigated the
association between ECG results (ie, minor or major abnor-
malities) and incident CVD and the association between mi-
nor ECG abnormalities and risk of developing major ECG ab-
normalities. Although many countries have not introduced
ECG as atool for CVD screening, the annual ECG has been man-
datory for working-age individuals in Japan since 1989.28 Thus,
our goal is to provide evidence in the clinical setting regard-
ing ECG screening in this unique context using sequential ECG
results obtained from annual health screenings.

Methods

Data Source and Study Population
The institutional review board of Kyoto University approved
all study procedures and waived informed consent for partici-
pants because all data used in the study were anonymized by
a third-party data provider. All methods were conducted in
accordance with the Helsinki Declaration.?® The study fol-
lowed the Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) reporting guideline.3®

In this cohort study, we used the nationwide database
with claims and annual health screening data from the Japan
Health Insurance Association (JHIA) between April 1, 2015,
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Key Points

Question What is the evidence on the clinical utility of routine
resting electrocardiogram (ECG) screening on cardiovascular risk
assessment in the working-age population?

Findings In this nationwide cohort study of more than 3.5 million
working-age Japanese adults enrolled in the nationwide annual
health check program, baseline ECG findings were associated with
the risk of cardiovascular events. Furthermore, the presence and
the number of baseline minor ECG abnormalities were associated
with developing new major ECG abnormalities.

Meaning The results of this study suggest that routine ECG
screening may help identify individuals at high risk of developing
cardiovascular events.

and March 31, 2022. The JHIA is the largest public health
insurer in Japan and provides health insurance to employees
in small and medium-sized enterprises and their depen-
dents, covering approximately 40% (30 million) of the
working-age population. The details of Japan’s annual health
screening program have been described elsewhere.>! Briefly,
it is mandatory for public health insurers to provide
working-age individuals with health screening every year,
and particularly, ECG is required at the time of employment
and for those who are aged 35 years or older. Although indi-
viduals aged 36 to 39 years can be exempted to undergo ECG
with physicians’ agreement, more than 70% of them have an
ECG even during those periods (age 35 years, 71.8%; age
36-39 years, 71.8%; and age 40 years; 73.2% in our data; the
participation rate for health check-ups among JHIA-insured
individuals was 53.8% in 2015).32

Every year, insurers are required to provide their employ-
ees with opportunities for health screenings with full subsi-
dization. Employees who undergo screenings receive their
results directly from the screening facilities and must report
them to their insurers. Those diagnosed with major ECG ab-
normalities are advised by their insurers to seek further ex-
aminations, which are covered by their health insurance. While
insurers are mandated to make the recommendation for the
follow-up of detected abnormalities, visiting physicians (eg,
primary care physicians, cardiologists) is optional for employ-
ees. During this process, physicians are not directly notified
of these results. The health screening data include informa-
tion on demographic characteristics, medical history, and labo-
ratory results. Claims data were linked with the International
Statistical Classification of Diseases and Related Health Prob-
lems, Tenth Revision (ICD-10) disease code.

We first identified individuals who were registered to the
insurance database as the primary insurer in 2015. Of those,
individuals who were aged 35 to 65 years and undertook a
12-lead resting ECG in 2016 were included in the study popu-
lation. Individuals with baseline CVD, major ECG abnormali-
ties in 2015, or missing covariates were excluded.

ECG Analysis
The diagnosis from standard resting 12-lead ECGs recorded for

each patient was obtained from the database. All ECGs were
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first read by vendor machines and checked by at least 1 phy-
sician. Electrocardiogram diagnosis was made based on the
Minnesota Code for ECG classification. The final reports were
made by physicians, and ECG abnormalities were divided into
minor or major abnormalities according to the guideline from
the Japan Society of Ningen-Dock, which is broadly used for
screening settings in Japan (eTable 1in Supplement 1).3* Par-
ticipants were categorized into 4 groups based on the ECG di-
agnosis in 2016 (normal ECG, 1 minor ECG abnormality, >2
minor ECG abnormalities, and major ECG abnormality).

Risk Evaluation and Stratification

Since it is reported that the Framingham Risk Score tended
to overestimate the CVD risk for the Japanese population,3*
the Suita score was used for the baseline CVD risk assess-
ment. The details of the Suita score have been described
elsewhere.>* Briefly, the Suita score was developed to esti-
mate the 10-year risk of coronary heart disease for the Japa-
nese population based on a large population-based study.
This score includes age, sex, smoking status, diabetes, blood
pressure, total cholesterol level, high-density lipoprotein
cholesterol level, and chronic kidney disease status. Since it
was reported that the absolute 10-year CVD risk was about
1% in individuals with a CVD score of 40 or less,>* those with
a score of 40 or less were classified in the low-risk group and
those with a score higher than 40 were classified into the
moderate-high risk group.

Outcome Ascertainment

Our main outcome was a composite of overall death and
CVD hospital admission. Because the database did not
include information on the cause of death, overall death was
used as an alternative to cardiovascular death. Cardiovascu-
lar disease hospitalization was defined as admission due to
stroke (ICD-10 codes 160-163), heart failure (ICD-10 codes
150, 1110, 1130, or I1132), or myocardial infarction (ICD-10
codes 121 or 122). We included only cases with a confirmed
CVD diagnosis and excluded suspected cases from the pri-
mary end point. Additionally, we evaluated the incidence of
new major ECG abnormality in 2017-2021 in individuals with
a normal ECG, 1 minor ECG abnormality, and 2 or more
minor ECG abnormalities (ie, after excluding individuals pre-
senting with major ECG abnormalities in 2016 at baseline).
All participants were followed up until March 2022, when
the outcome occurred, or when the participants left JHIA
coverage (ie, retirement or change of job).

Covariates

The following baseline variables were extracted from the da-
tabase: age, sex, CVD history, comorbidities (hypertension,
diabetes, and dyslipidemia), smoking status, medication use,
and measurements and laboratory results in health screen-
ing. Individuals with more than 100 cigarettes per lifetime,
smoking duration of more than 6 months, and the last smok-
ing within a month were considered current smokers. Medi-
cation use (antihypertensive, antidiabetic, and lipid-lowering
drugs) was self-reported. Measurements included systolic
blood pressure and body mass index, which was calculated as
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weight in kilograms divided by height in meters squared. Labo-
ratory results included fasting glucose level, low-density li-
poprotein cholesterol level, high-density lipoprotein choles-
terol level, and estimated glomerular filtration rate (eGFR),
calculated using a creatinine formula modified for Japanese
individuals: eGFR = 194 x serum creatinine %% x age %287 x
(a = 0.739 for women and a = 1 for men).**

Statistical Analysis

Data analysis was conducted from October 1, 2022, to April 11,
2024. To examine the association between baseline ECG di-
agnosis and the risk of CVD events, the cumulative inci-
dences of the composite outcome across the ECG groups were
compared using Kaplan-Meier curves and log-rank test. Sub-
groups were examined to assess the interaction between base-
line ECG diagnosis and risk factors. Multivariable Cox propor-
tional hazards regression models were constructed to adjust
for multiple clinical covariates. In our main model, age, sex,
body mass index, comorbidities (hypertension, diabetes,
and dyslipidemia), systolic blood pressure, glucose level,
low-density lipoprotein cholesterol level, and eGFR were in-
cluded. The associations of baseline ECG diagnosis and CVD
events were also assessed in subgroups by age (<50, =50 years),
sex (male, female), and comorbidities (the presence or ab-
sence of hypertension, diabetes, and dyslipidemia). These
analyses were performed in low and moderate-high CVD risk
populations. As a sensitivity analysis, we additionally in-
cluded information on medication use (antihypertensive,
antidiabetic, and lipid-lowering drugs) in our main model. We
also examined the association between ECG abnormalities and
each outcome (ie, overall death and CVD admission) sepa-
rately. The proportional hazards assumption was assessed
using Schoenfeld residuals.>®

To examine the association between minor ECG abnor-
mality and newly developed major ECG abnormality, we com-
pared the cumulative incidences of new major ECG abnormal-
ity across 3 groups (normal, 1 minor abnormality, and >2 minor
abnormalities) after excluding those with a major ECG abnor-
mality at baseline. The incidence of major ECG abnormalities
at each year was calculated using the inverse probability
weighting approach to account for loss to follow-up. Sub-
group analyses were conducted by age, sex, and comorbidi-
ties in low and moderate-high CVD risk populations as was
done in the primary analysis. In addition, we examined the
association between each component of minor and major ECG
abnormality vs normal ECG finding and the composite end
point using multivariable Cox proportional hazards regres-
sion models.

To understand the follow-up examination rate by ECG sta-
tus, we calculated the number of individuals who underwent
transthoracic echocardiograms or catheterization proce-
dures (ie, coronary angiography and percutaneous coronary
intervention) within 1 year after baseline ECG. These data were
obtained from the claims database and stratified by their base-
line ECG findings.

All tests were 2-tailed, and P < .05 was considered statis-
tically significant. All statistical analyses were performed using
R, version 4.3.1 (R Project for Statistical Computing).

JAMA Internal Medicine September 2024 Volume 184, Number 9

Downloaded from jamanetwork.com by Biblioteca Nacional de Salud y Seguridad Social user on 09/26/2024

1037


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2024.2270?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2024.2270
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2024.2270

1038

Research Original Investigation

. |
Results

Participant Characteristics

A total of 3698 429 individuals who had ECGs performed in
2016 with no history of CVD or major ECG abnormalities in the
previous year were included in our analyses (Figure 1). The
mean (SD) age was 47.1 (8.5) years, 33.4% were female, and
66.6% were male (Table). The prevalence of hypertension was
14.1%; diabetes, 3.6%; and dyslipidemia, 8.1%. Normal ECG was
found in 2 873 900 individuals (77.7%). One minor abnormal-
ity was observed in 623 703 individuals (16.8%), 144 535 (3.9%)
had 2 or more minor abnormalities, and 56 921 (1.5%) had ma-
jor ECG abnormalities. Individuals with a major ECG abnor-
mality were older and had a higher prevalence of comorbidi-
ties compared with those without a major ECG abnormality.
Nearly 90% of individuals with a normal ECG in 2015 did not
show any ECG abnormality in 2016, and 40% of those with a
major ECG abnormality in 2015 were found to have amajor ECG
abnormality in 2016 (eTable 2 in Supplement 1).

Association of Baseline ECG Diagnosis
With CVD Events and New Major ECG Abnormality
During the median follow-up period of 5.5 (IQR, 3.4-5.7)
years, 156 258 individuals (4.2%) experienced the composite
end point. Baseline ECG abnormalities were associated with
an increased incidence of the composite end point of overall
death and CVD admission (x? = 11122; log-rank P < .001)
(Figure 2A). Incidence rates of the composite end point per
10 000 person-years were 103.7 (95% CI, 103.2-104.2) for the
overall population, 92.7 (95% CI, 92.2-93.2) for a normal
ECG, 128.5 (95% CI, 127.2-129.9) for 1 minor ECG abnormal-
ity, 159.7 (95% CI, 156.6-162.9) for 2 or more minor ECG
abnormalities, and 266.3 (95% CI, 259.9-272.3) for a major
ECG abnormality. This finding was significant in both low
(x? = 2715; log-rank P < .001) and moderate-high (x* = 4810;
log-rank P < .001) CVD risk groups when we stratified by the
CVD risk score (Figure 2B and 2C). Cox proportional hazards
regression model analysis showed individuals with baseline
ECG abnormalities had a higher incidence of the composite
outcome events compared with those with a normal ECG
after adjusting for potential confounders (adjusted HR, 1.19
[95% CI, 1.18-1.20] for 1 minor ECG abnormality, 1.37
[95% CI, 1.34-1.39] for >2 minor ECG abnormalities, and
1.96 [95% CI, 1.92-2.02] for a major ECG abnormality). The
results were consistent when additionally adjusted for
information on medication use (eTable 3 in Supplement 1).
We found similar results for both overall death and CVD
admission when analyzing these outcomes separately
(eTable 4 in Supplement 1). Similarly, individuals who did
not have a history of CVD or ECG tests at baseline showed an
incidence rate of 129.8 (95% CI, 129.5-130.1) per 10 000
person-years. The proportional hazards assumption was not
violated in these analyses (eFigure 1in Supplement 1).
Across a total of 3698 429 individuals, 88.9% underwent
ECGs in 2017, 79.4% in 2018, 72.7% in 2019, 62.5% in 2020,
and 60.9% in 2021 (eTable 5 in Supplement 1). The propor-
tion of follow-up ECGs tended to be slightly higher among
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individuals with a normal ECG than those with ECG abnor-
malities. Among those without a major ECG abnormality in
2016, 34 510 individuals (5.1%) developed at least 1 new ma-
jor ECG abnormality during follow-up. The presence and num-
ber of minor ECG abnormalities were associated with an in-
creased incidence of developing new major ECG abnormalities
compared with normal ECG (Figure 3A). Incidence rates of ma-
jor ECG abnormality per 10 000 person-years were 122.4
(95% CI, 121.9-122.9) for the overall population, 85.1 (95% CI,
84.5-85.5) for normal ECG, 217.2 (95% CI, 215.5-219.0) for 1 mi-
nor ECG abnormality, and 306.4 (95% CI, 302.1-310.7) for 2 or
more minor ECG abnormalities. We found a similar pattern in
the low and moderate-high CVD risk groups (Figure 3B and C).
The multivariate Cox proportional hazards regression model
demonstrated that individuals with minor ECG abnormali-
ties were at high risk of developing a new major ECG abnor-
mality after adjusting for potential confounders (adjusted HR,
2.52 [95% CI, 2.49-2.55] for 1 minor ECG abnormality and
3.61[95% CI, 3.55-3.67] for >2 minor ECG abnormalities).

Subgroup Analyses by Clinical Characteristics

Consistent results of the associations between baseline ECG
abnormality and the risk of CVD events were observed across
subgroups by age, sex, and presence or absence of clinical fea-
tures among the overall population, low CVD risk groups, and
moderate-high CVDrisk groups (Figure 4; eFigure 2 in Supple-
ment 1). Likewise, the associations between baseline ECG
abnormality and the risk of developing a new major ECG
abnormality were observed across subgroups by age, sex, and
the presence or absence of clinical features regardless of
baseline CVD risk score (eFigure 3 in Supplement 1).

Association of Each ECG Abnormality

and the Composite End Point

The multivariable Cox proportional hazards regression analy-
ses showed that, across 29 types of minor abnormalities, 18
abnormalities were associated with an increased incidence of
the composite end point (eg, HR for atrioventricular block
[Wenckebach phenomenon], 2.06 [95% CI, 1.26-3.36]; high P
wave amplitude, 1.91 [95% CI, 1.71-2.12]; high left ventricular
voltage, 1.71[95% CI, 1.67-1.75]; nonspecific ST-T wave change,
1.70 [95% ClI, 1.63-1.77]; and abnormal T wave, 1.56 [95% CI,
1.52-1.60]) (eTable 6 in Supplement 1). Across 24 types of
major ECG abnormalities, 19 abnormalities were associated
with an increased incidence of the composite end point
(eTable 7 in Supplement 1).

Association of Baseline ECG Status

and Follow-Up Diagnostics

Observed rates of follow-up echocardiography were 2.6% in
individuals with normal ECG, 4.3% in individuals with 1 mi-
nor ECG abnormality, 5.6% in those with 2 or more minor ECG
abnormalities, and 26.0% in individuals with a major ECG
abnormality (eTable 8 in Supplement 1). Rates of follow-up
coronary angiography were 0.2% in individuals with normal
ECG, 0.3% in individuals with 1 minor ECG abnormality, 0.4%
in those with 2 or more minor ECG abnormalities, and 1.2% in
individuals with a major ECG abnormality.
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Figure 1. Flow of Participant Selection

15005920 Individuals aged 35-65 y enrolled in 2015

9563391 Excluded
9563391 Without an ECG in 2015

>

5442529 Had an ECG in 2015

847696 Excluded
847696 Withoutan ECGin 2016

4594833 Had an ECG in 2016

896404 Excluded
284881 With a history of CVD or
major ECG abnormalities
611523 With missing data

3698429 Included in the study cohort ‘

2873900 Normal ECG ‘ 623073 1 Minor ECG 144535 22 Minor ECG 56921 Major ECG
abnormality abnormalities abnormalities

CVD indicates cardiovascular disease;
ECG, electrocardiogram.

Table. Baseline Characteristics of the Study Population?

No. (%)
22 Minor ECG
Overall Normal ECG 1 Minor ECG abnormality abnormalities Major ECG abnormality
Characteristic (N =3698429) (n=2873900[77.7%]) (n=623073[16.8%]) (n=144535[3.9%]) (n=56921[1.5%])
Age, mean (SD), y 47.1(8.5) 46.8 (8.4) 48.0 (8.8) 48.8(8.9) 49.8 (8.7)

Sex
Male
Female
BMI, mean (SD)
Comorbidity
Hypertension
Diabetes
Dyslipidemia
Current smoker

Laboratory data

SBP, mean (SD), mm Hg
Glucose, mean (SD), mg/dL
LDL-C, mean (SD), mg/dL

eGFR, mL/min/1.73 cm?

Medication
Antihypertensive drugs
Antidiabetic drugs
Lipid-lowering drugs

CVD risk score®
Median (IQR)
>40

Composite event

2463899 (66.6)
1234530 (33.4)
23.4(3.8)

521843 (14.1)
132379 (3.6)
300851 (8.1)
1272550 (34.4)

122.3(17.5)
97.6 (20.1)
123.5(31.6)
80.2 (14.5)

459139 (12.4)
138137 (3.7)
265234 (7.2)

36 (29-43)
1198649 (33.0)
169093 (4.6)

1886808 (65.7)
987092 (34.3)
23.4(3.8)

379964 (13.2)
224360 (7.8)
97680 (3.4)
985191 (34.3)

121.8(16.9)
97.2(19.5)
123.8(31.6)
80.4 (14.4)

333113 (11.6)
103 168 (3.6)
201068 (7.0)

36 (28-43)
886540 (31.4)
118210 (4.1)

434988 (69.8)
188085 (30.2)
23.2(3.9)

102 570 (16.5)
55943 (9.0)
25105 (4.0)
216432 (34.7)

123.7 (18.6)
98.5 (21.2)
123.8 (31.6)
79.6 (14.7)

91154 (14.6)
25515 (4.1)
47819 (7.7)

36 (29-44)
227525 (37.3)
34781 (5.6)

102 664 (71.0)
41871 (29.0)
23.1 (4.0)

26603 (18.4)
13950 (9.7)
6642 (4.6)
50372 (34.9)

124.7 (19.7)
99.2 (22.5)
121.9 (31.6)
79.0 (15.2)

23612 (16.3)
6214 (4.3)
11050 (7.6)

37 (29-45)
58082 (40.8)
9863 (6.8)

39439 (69.3)
17482 (30.7)
23.7 (4.3)

12706 (22.3)
6598 (11.6)
2952 (5.2)
20555 (36.1)

129.2 (21.2)
102.2 (26.7)
123.8(32.9)
78.7 (15.9)

11260 (19.8)
3240 (5.7)
5297 (9.3)

40 (31-48)
26502 (47.6)
6239 (11.0)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); CVD, cardiovascular disease;

ECG, electrocardiogram; eGFR, estimated glomerular filtration rate;

LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure.

Sl conversion factors: To convert glucose to millimoles per liter, multiply by

0.0555; LDL-C to millimoles per liter, multiply by 0.0259.
2 All differences significant at P < .001.
bSuita score was used for the baseline CVD risk assessment.
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Figure 2. Cumulative Incidence of Composite End Point
(Overall Death and Cardiovascular Disease [CVD] Admission)
by Baseline Electrocardiogram (ECG) Status

[1] Overall population

Strata
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>2 Minor abnormalities
@ 0.154 Major abnormality
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Time after ECG, y
No. at risk
Normal 2873900 2614669 2385998 2183928 2007281 1852731
1 Minor abnormality 623073 562136 508814 461987 421166 385641
22 Minor abnormalities 144535 129640 116518 105071 95177 86647
Major abnormality 56921 50086 44256 39492 35404 31948
Low CVD risk population
0.20
Y 0.154
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g 0.10
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g 0.05
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0 1 2 3 4 5
Time after ECG, y
No. at risk
Normal 1937993 1785441 1652883 1535342 1432285 1339565
1 Minor abnormality 382625 351856 325130 301371 280474 261556
22 Minor abnormalities 84411 77593 71588 66232 61442 57194
Major abnormality 29213 26465 24098 22211 20531 19047
Moderate-high CVD risk population
0.20
3 0.154
f=4
L
=4
5
g 0.10
=
=
E 0.05
o
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0 1 2 3 4 5
Time after ECG, y
No. at risk
Normal 886540 784308 692051 611071 540415 481226
1 Minor abnormality 227525 198588 173095 150953 131863 116008
22 Minor abnormalities 58082 50190 43246 37318 32327 28173
Major abnormality 26502 22552 19211 16441 14106 12203

Cumulative incidence of composite end point across groups by baseline ECG
status in overall population (A), low CVD risk population (B), and moderate-high
CVD risk population (C).
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Figure 3. Cumulative Incidence of New Major Electrocardiogram (ECG)
Abnormality by Baseline ECG Status

E Overall population
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Cumulative incidence of new major ECG abnormality across groups by baseline
ECG status in overall population (A), low cardiovascular disease (CVD) risk
population (B), and moderate-high CVD risk population (C).

|
Discussion

Using a nationwide database that extensively covers more
than 3.5 million working-age individuals in Japan, we identi-
fied a consistent association between a diverse array of ECG
abnormalities and clinical outcomes in a more generalizable
population. Additionally, we observed that the presence and
number of minor ECG abnormalities were linked to the
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Figure 4. Comparison of the Risks of Composite End Point (Overall Death and Cardiovascular Disease Admission)

Decreased : Increased
HR abnormalities | abnormalities
Subgroup (95% CI) inECG : inECG
Age,y
<50 1 Minor abnormality 1.22(1.20-1.24) =
22 Minor abnormalities 1.43(1.39-1.48) -
Major abnormality 2.12(2.03-2.21) -
>50 1 Minor abnormality 1.18(1.16-1.20) =
>2 Minor abnormalities 1.34(1.30-1.37) -
Major abnormality 1.90 (1.84-1.96) -
Sex
Male 1 Minor abnormality 1.20(1.19-1.22) =
>2 Minor abnormalities 1.39(1.36-1.42) L]
Major abnormality 2.03(1.98-2.09) -
Female 1 Minor abnormality 1.16(1.13-1.19) -
>2 Minor abnormalities 1.25(1.19-1.32) -
Major abnormality 1.67 (1.57-1.78) -
Hypertension
Yes 1 Minor abnormality 1.15(1.13-1.17) =
>2 Minor abnormalities 1.30(1.26-1.35) -
Major abnormality 1.61(1.55-1.68) -
No 1 Minor abnormality 1.23(1.21-1.25) =
>2 Minor abnormalities 1.44 (1.40-1.48) -
Major abnormality 2.28(2.21-2.36) -
Dyslipidemia
Yes 1 Minor abnormality 1.25(1.20-1.30) -
22 Minor abnormalities 1.36(1.29-1.43) -
Major abnormality 1.70(1.56-1.85) —.—
No 1 Minor abnormality 1.19(1.17-1.20) =
22 Minor abnormalities 1.37(1.34-1.40) =
Major abnormality 2.00(1.94-2.05) -
Diabetes
Yes 1 Minor abnormality 1.20(1.17-1.24) -
>2 Minor abnormalities 1.38(1.32-1.45) -
Major abnormality 1.74 (1.64-1.84) -
No 1 Minor abnormality 1.20(1.18-1.21) =
>2 Minor abnormalities 1.38(1.35-1.41) L]
Major abnormality 2.05(1.99-2.11) - Presented hazard ratios (HRs) for end
Overall point were adjusted for age, sex,
1 Minor abnormality 1.19(1.18-1.21) = body mass index, comorbidity
22 Minor abnormalities 1.37 (1.34-1.40) = (hypertension, diabetes, and
Major abnormality 1.97 (1.92-2.02) = dyslipidemia), systolic blood
. . . . . ' pressure, glucose level, low-density
0.5 1 2 3 4 5 lipoprotein level, and estimated

HR (95% CI) glomerular filtration rate.

ECG indicates electrocardiogram.

emergence of new major ECG abnormalities for which
response is typically recommended by guidelines. These
findings were observed in clinical circumstances where
suboptimal follow-up strategies were taken.

The US Preventive Services Task Force does not recom-
mend routine ECG in low-risk populations because of the lack
of evidence on whether adding ECG screening to current CVD
risk assessment tools leads to directly improved decision-
making as well as potential for harm.® However, the current
evidence has included studies with major limitations regard-
ing their study population or design.>”>® Although some studies
were conducted at the population level, most were based on
the Third National Health and Nutrition Examination Survey
cohort (conducted in 1988-1994).16:1°:3% Additionally, the
number of participants included in these studies was limited
(16 000 at most*°), and most of those studies were per-

jamainternalmedicine.com

formed in nongeneral, selected populations for limited pur-
poses, including post hoc analyses of randomized clinical
trials,'* studies of older populations,!*'>17 and studies
focused on particular ECG changes?!:22:24:27 or clinical
outcomes.29-23-25-26 Thuys, given the recent advancement of
treatment and prevention strategies in CVD over the past 2 de-
cades, updated evidence reflecting current practice has
been warranted.

To address this issue, we used sequential health screen-
ing data of more than 3.5 million individuals in Japan. Since
1989, Japan has implemented its own health screening pro-
gram for the working-age population to prevent worsening of
employees’ health.*! In this screening program, ECG tests, in
addition to physical examinations and blood sample tests, such
as glucose levels, are provided for full-time employees aged
35 years and older every year for free, making the JHIA data-
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base unique. Based on this feature, we elucidated the asso-
ciation between ECG abnormalities and subsequent CVD out-
comes suggesting the clinical significance of routine ECG
screening in healthy, working-age populations. In Japan, in-
dividuals who are diagnosed with major ECG abnormalities
during their annual health screenings are recommended by
their insurers to visit clinics or hospitals for further examina-
tions, which are covered by their insurance. Although this
recommendation is mandatory for insurers, visiting physi-
cians (eg, primary care physicians, cardiologists) is optional
for employees. Our analysis observed that a considerable
number of individuals with a major ECG abnormality did not
undergo follow-up examinations despite the detection of a
new major ECG abnormality.

Our findings highlight the potential role of baseline mi-
nor ECG abnormalities. We identified an association of the pres-
ence and number of minor ECG abnormalities with the risk of
incident CVD and the development of new major ECG abnor-
malities over time in a more generalizable population,
supported by previous studies performed in limited
populations.*!>1° Qur analysis further enabled a comprehen-
sive distinction between minor ECG abnormalities associ-
ated with clinical outcomes and those that were not. While
some major ECG abnormalities, such as atrial fibrillation, have
indications for further diagnostics and possibly treatment,*2
minor ECG abnormalities have often been overlooked, and
there is currently no guideline recommendation specifically
addressing the management of multiple minor ECG abnor-
malities. Thus, our findings could shed new light on the
clinical importance of minor ECG abnormalities incidentally
detected in health screening settings.

The critical challenge persists on whether appropriate in-
terventions following the identification of high-risk cases by
ECG are available. Although our findings indicate an associa-
tion between ECG results and CVD events, they do not imply
that ECG results themselves or additional interventions
based on the ECG results mitigate the outcomes of CVD. In ad-
dition, there is a possibility that the observed increased risk
of all-cause mortality among individuals with ECG abnormali-
ties could be partially due to overtreatment, such as poten-
tially unnecessary invasive procedures. Furthermore, effec-
tive intervention is not necessarily available for most of the
ECG abnormalities despite their association of higher risk for
CVD. Considering the low follow-up rate even in the major ECG
abnormality group, providing mandatory ECG tests without
asuboptimal follow-up strategy may be inadequate. In this con-
text, it is imperative to assess the effectiveness of workup
strategies for individuals with ECG abnormalities. For in-
stance, adopting a personalized approach that considers both
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baseline CVD risks and ECG findings, along with the optimal
follow-up examinations (eg, active monitoring using ECG,
Holter monitors, echocardiography, and wearable devices),
could potentially maximize the utility of ECG findings, which
should be the subject of future research.

Limitations

There are several limitations in the study. First, a consensus
regarding the classification of major and minor ECG abnor-
malities remains elusive. In fact, the classification of major
and minor ECG abnormalities has varied across studies.'*'®
We observed that multiple ECG abnormalities that are often
considered minor were associated with CVD risk. Therefore,
additional evaluation of the stratification of ECG abnormali-
ties in risk assessment is warranted. Second, as we defined
CVD outcomes based on ICD-10 codes, we cannot rule out
the possibility that outcome was misclassified (ie, patients
with ECG abnormality are likely to obtain diagnostic codes of
CVD, leading to bias away from the null). Third, we included
all-cause death in our primary composite outcome because
causes of death were not available in the database, which
requires additional evidence focusing on CVD death. Fourth,
the research may exhibit self-selection bias as the cohort
consisted solely of individuals who have undergone annual
health screening, potentially excluding lower socioeconomic
groups who are less inclined to participate in such screen-
ings. We observed a higher incidence rate for the primary
outcome among individuals without ECG at baseline
compared with our analytical samples. Fifth, because of the
lack of data on follow-up examinations (eg, echocardiogram
reports), the presence of complications, and other relevant
medical notes, we could not assess the potential influence of
ECG results on clinical decisions, indications for follow-up
examinations, or the potential harm caused by ECGs. Sixth,
our findings of the working-age population may not be gen-
eralizable to other demographic cohorts.

|
Conclusions

In a nationwide cohort study of more than 3.5 million work-
ing adults in Japan, baseline ECG abnormalities were associ-
ated with an increased incidence of overall death and CVD-
associated admission. They were independently associated
with an increased incidence of developing a new major ECG
abnormality. Further studies are needed to elucidate the role
of routine ECG screening for early prevention of CVD events,
along with optimal follow-up strategies for both major and
minor ECG abnormalities.
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Invited Commentary

Screening ECGs for Cardiovascular Risk Assessment

Alex H. Krist, MD, MPH

In their article on routine electrocardiogram (ECG) screening
and cardiovascular disease (CVD) events Yagi and col-
leagues’ report findings from a nationwide cohort study on
screening electrocardiography in Japan between January
2015 and December 2021. Since 1989, an annual screening
ECG has been mandatory for working-age people in Japan
aged 35 years and older. The
REeIated article page 1035 authors assessed claims E'll‘ld
annual health screening
data from the Japan Health
Insurance Association that included 3698 429 individuals
registered in the database and who had a screening ECG in
2016. Electrocardiograms were classified as having 1 minor
abnormality, 2 or more minor abnormalities, or major abnor-
malities. Using multivariable Cox proportional hazards mod-
els and adjusting for multiple clinical covariates, the authors
found a greater risk of the composite outcome of overall
death or hospital admission for CVD in people with 1 minor
abnormality (hazard ratio [HR], 1.19; 95% CI, 1.18-1.20), 2 or
more minor abnormalities (HR, 1.37; 95% CI, 1.34-1.39), and
major ECG abnormalities (HR, 1.96; 95% CI, 1.92-2.02) com-
pared with people with a normal ECG result. Cardiovascular
events were observed across subgroups by age, sex, and low
vs moderate to high CVD risk groups. The authors concluded
that “further studies are needed to elucidate the role of rou-
tine ECG screening for early prevention of CVD events, along
with optimal follow-up strategies for both major and minor
ECG abnormalities.”*
This study has several notable strengths. While numer-
ous other studies have also shown the association between

JAMA Internal Medicine September 2024 Volume 184, Number 9

abnormal ECG findings and CVD events, they were con-
ducted in the 1980s and 1990s (there are more effective CVD
prevention measures today), had much smaller samples (all
<18 000 people), or included more selected and at-risk popu-
lations (eg, people with diabetes or other cardiovascular risks).
This very large study is truly representative of a screen-
detected working age population in Japan, which is likely
generalizable to other countries. Additionally, given the na-
tional mandate for ECG screening and robust data from the
Japan Health Insurance Association, longitudinal outcomes
are available for most participants. Furthermore, the associa-
tions are consistent across subgroups and the risk of the
composite adverse outcome incrementally rises as ECGs are
categorized as more abnormal, adding to the strength that the
observed associations are real.

The US Preventive Services Task Force (USPSTF) and the
European Society of Cardiology both currently recommend
against screening ECG in people at average risk (the USPSTF
says there is insufficient evidence to recommend for or against
screening ECGs for individuals at intermediate or high risk of
CVD).%3In their 2018 recommendation, the USPSTF made the
following statement, “A considerable number of studies have
reported hazard ratios and other measures of association be-
tween ECG changes and cardiovascular outcomes, so addi-
tional studies of this nature are unlikely to advance the field.
Studies are needed that assess the incremental value of add-
ing ECG to current CVD risk assessment tools.... Any study of
CVD risk assessment should also evaluate the harms associ-
ated with assessment as well as those related to additional
testing and treatment.”?
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