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Abstract
Background

Chronic kidney disease (CKD) is a strong risk factor for cardiovascular disease. Electrocardiogram (ECG)
is the basic test for screening cardiovascular disease. However, the impact of ECG abnormalities on
cardiovascular prognosis in patients with CKD is largely unknown.

Methods

A total of 1,295 patients with CKD (stage 3, 4, and 5) who underwent ECG between 2013 and 2015 were
selected from the tertiary hospital in Korea. ECG abnormalities were de�ned using the Minnesota
classi�cation. Five-year major adverse cerebrocardiovascular event (MACCE), a composite of death,
myocardial infarction (MI) and stroke, was analyzed after excluding 251 patients (n=1,044) with prior MI
or stroke.

Results

The higher the CKD stage, the higher the proportion of patients with a major ECG abnormality. Five-year
MACCE incidences were 34%, 23.9%, and 21.7% in patients with major, minor and no ECG abnormalities.
MACCE and MI incidences were signi�cantly higher in patients with severe ECG abnormalities (log-rank p
< 0.001). Major ECG abnormalities were signi�cantly associated with MACCE (adjusted HR 1.48, 95% CI
1.11-1.97). In particular, atrial �brillation, atrial premature complex, and QT interval prolongation were
identi�ed as important ECG diagnoses. The accuracy of cardiovascular risk strati�cation was improved
when ECG diagnosis was added to the conventional SCORE model (net reclassi�cation index 0.09).

Conclusions

Major ECG abnormality was a signi�cant predictor of cardiovascular events in CKD patients. ECG
diagnosis can be useful in evaluating the risk of cardiovascular disease in CKD patients when applied in
addition to the conventional risk strati�cation model.

Introduction
Chronic kidney disease (CKD) has been suggested to be a very strong risk factor for cardiovascular
disease (CVD) and increased cardiovascular mortality(1–4). Recent US Medicare data demonstrated that
the prevalences of heart failure, acute myocardial infarction, and cerebrovascular accident/transient
ischemic attack in CKD patients are two to four times higher compared to non-CKD patients(5). Survival
probability after a �rst CVD diagnosis was also decreased with higher stage of CKD. Conventional
cardiovascular risk factors such as hypertension and diabetes mellitus are very common in CKD patients
and are implicated in higher incidence of CVD and its mortality in CKD patients. Therefore, early
identi�cation of high-risk CVD patients can lead to targeted strategies to improve cardiovascular
prognosis in CKD patients.
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The standard 12-lead electrocardiogram (ECG) is an accessible and inexpensive test and has therefore
been widely used for diagnosing or screening CVD. ECG re�ects the electrophysiological and structural
state of the heart. Previous studies demonstrated that abnormal ECG �ndings are associated with
cardiovascular mortality even in the general population(6, 7). Left ventricular hypertrophy (LVH)
diagnosed by ECG is a surrogate marker for target organ damage in hypertensive patients, but other ECG
abnormalities are also associated with kidney damage such as microalbuminuria(8). Several ECG indices
such as RP and QT intervals were also reported to be associated with CVD incidence and mortality in CKD
patients(9, 10). However, few studies have been conducted on more than 1,000 CKD patients, especially
in Asian people.

Here, we explored the demographic characteristics according to ECG abnormality and compared their
cerebrocardiovascular prognostic impact.

Materials And Methods

Study Design
The present study was a retrospective cohort study using the electronic health record database of Korea
University Anam Hospital in Korea. For the study population selection, among patients who took ECG
between January 2013 and December 2015, 76,877 patients with adequate quality ECG results were
screened from the database (Fig. 1). Patients on medications that potentially affect ECG results (n = 
12,044) (Supplemental Table 1), patients with missing clinical and laboratory data (e.g., serum creatinine
level) within three months of ECG acquisition (n = 15,227), and non-CKD patients with more than 60
mL/min/1.73m² of Modi�cation of Diet in Renal Disease (MDRD) glomerular �ltration rate (GFR) (n = 
48,311) were excluded. Finally, 1,295 CKD patients remained for further analysis. The study was
approved by the Institutional Review Board of Korea University Anam Hospital (IRB No. 2021AN0450).
Written informed consent was waived due to the use of a retrospective study design of anonymized data
with minimal risk to study subjects. The study also complied with the Declaration of Helsinki.

Standardization of computerized ECG diagnosis
ECG machines automatically generated ECG diagnoses and ancillary descriptions through the approved
computerized algorithm. Performance of computerized ECG diagnosis is known to be comparable to
physicians’ interpretations(11, 12). Automated ECG interpretation is also cost- and time-effective with less
intra- and inter-observer variability. For the present study, the computerized ECG diagnoses were
transformed to the terminology of SNOMED CT(13). Practically, SNOMED CT mapping for ECG diagnosis
was performed using web-based software, which is an integrated algorithm using cosine similarity and
rule-based hierarchy (available at cdal.korea.ac.kr/ECG2CDM). Its conversion accuracy is 99.9%. Then,
they were further categorized into the Minnesota code classi�cation(14). For patients with multiple ECG
results, only the earliest ECG results were selected. Each patient was grouped in the order of major, minor,
and no ECG abnormality of the Minnesota code classi�cation among different ECG diagnoses. Major
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ECG abnormalities include major Q wave abnormalities, minor Q wave abnormalities plus ST-T
abnormalities, major isolated ST-T abnormalities, complete or intermittent left bundle branch block
(LBBB)/right bundle branch block (RBBB), non-speci�c intraventricular block, RBBB with left anterior
hemiblock, Brugada pattern, LVH plus ST-T abnormalities, major QT prolongation, atrial �brillation or
�utter, major AV conduction abnormalities, ventricular �brillation or asystole, and supraventricular
tachycardia. Minor ECG abnormalities include minor isolated Q/QS waves, minor ST/T abnormalities,
high R waves, ST segment elevation, incomplete LBBB/RBBB, minor QT prolongation, short/long PR
interval, left/right axis deviation, premature beats, wandering atrial pacemaker, sinus tachycardia, sinus
bradycardia, supraventricular rhythm persistent, low voltage QRS, high amplitude P wave, left atrial
enlargement, fragmented QRS, and early repolarization.

De�nitions and study endpoint
Hypertension was de�ned as being on anti-hypertensive medication or having diagnosis codes for
hypertension. Diabetes mellitus was de�ned as HbA1c ≥ 6.5%, being on antidiabetic medication, or
having diagnosis codes for diabetes mellitus. Dyslipidemia was de�ned as having statin or ezetimibe
prescription, serum total cholesterol ≥ 240 mg/dL, low-density lipoprotein-cholesterol (LDL-C) ≥ 160
mg/dL, triglyceride ≥ 200 mg/dL, or high-density lipoprotein-cholesterol (HDL-C) < 40 mg/dL. Patients on
dialysis were de�ned as having diagnosis codes for end-stage renal failure on dialysis or procedure codes
for dialysis and dialysis care education. Cardiovascular risk was calculated with the Systemic Coronary
Risk Evaluation (SCORE) model and classi�ed into low to moderate, high, and very high (15–17).

The primary endpoints of this study were �ve-year major adverse cerebrocardiovascular event (MACCE), a
composite of death, new-onset myocardial infarction (MI) and stroke. MI was de�ned as having
diagnosis codes for MI or serum CK-MB levels greater than the upper limit of normal. Stroke was de�ned
as having diagnosis codes for stroke. Survival time was from follow-up start date to date of MACCE or
until the end of follow-up, whichever came �rst.

Statistical analysis
Baseline characteristics are shown as the mean ± SD or n (%). Chi-square test and Analysis of Variance
(ANOVA) were used to compare the categorical variables and continuous variables between groups. The
probabilities for MACCE and the other endpoints were calculated by the Kaplan-Meier curves and
compared by log-rank test. Multivariable Cox proportional hazards regression analysis was performed to
evaluate the relationship between ECG result group and MACCE risk. Age, sex, current smoking, alcohol
drinking, presence of hypertension, diabetes mellitus, dyslipidemia, chronic kidney disease stage, and
high-sensitivity C-reactive protein (hsCRP) level were considered as the potential confounding variables.
The discrimination of the models was assessed by c-statistics and the net reclassi�cation index (NRI)
(18–20). The proportional hazards assumption for variables in the models were assessed by inspecting
Schoenfeld residuals. All analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA)
program and R program (Ver 3.6.1).
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Results

Baseline characteristics
Baseline characteristics of the patients are described in Table 1. The numbers of patients with major,
minor and no ECG abnormality were 387 (30%), 344 (27%) and 564 (43%). Patients with major abnormal
ECG results were older and the proportions of hypertension, diabetes mellitus and dyslipidemia were also
higher compared with patients with no or minor ECG abnormalities. The proportions of CKD stage V and
dialysis patients were also higher in the group of patients with a major ECG abnormality than the other
two groups (11.5%, 13.4%, 17.8%, p = 0.05 for CKD stage V; 6.9%, 7.0%, 12.4%, p < 0.01 for dialysis).
Laboratory �ndings showed higher serum creatinine and hsCRP levels in patients with a major ECG
abnormality than the others. The proportion of very high-risk group in 10-year CVD risk estimate (SCORE)
was also higher in patients with a major ECG abnormality than the others (37.6%, 48.3%, 54.3%, p < 
0.001).
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Table 1
Baseline characteristics of study groups according to ECG abnormality

  Total
population (N 
= 1295)

No
abnormality
(N = 564)

Minor
abnormality (N 
= 344)

Major
abnormality (N 
= 387)

p

Age 69.0 ± 13.2 67.2 ± 12.8 68.9 ± 13.7 71.8 ± 12.7 < 
0.001

Male 656 (50.7) 272 (48.2) 183 (53.2) 201 (51.9) 0.29

Body mass
index

24.6 ± 4.2 24.4 ± 3.7 24.7 ± 5.3 24.8 ± 3.8 0.23

Current Smoker 313 (24.2) 137 (24.3) 83 (24.1) 93 (24.0) 0.99

Alcohol drinking 335 (25.9) 148 (26.2) 93 (27.0) 94 (24.3) 0.67

Hypertension 775 (59.9) 316 (56.0) 199 (57.9) 260 (67.2) 0.002

Anti-
hypertensive
medication

734 (56.7) 303 (53.7) 188 (54.7) 243 (62.8) 0.01

Diabetes
mellitus

665 (51.4) 272 (48.2) 171 (49.7) 222 (57.4) 0.02

Oral
hypoglycemic
agent

334 (25.8) 138 (24.5) 82 (23.8) 114 (29.5) 0.14

Insulin use 277 (21.4) 119 (21.1) 53 (15.4) 105 (27.1) < 
0.001

Dyslipidemia 775 (59.9) 318 (56.4) 201 (58.4) 256 (66.2) 0.01

Lipid-lowering
medication

516 (39.9) 211 (37.4) 131 (38.1) 174 (45.0) 0.05

Chronic kidney
disease

Stage III

Stage IV

Stage V

1015 (78.4)

100 (7.7)

180 (13.9)

457 (81.0)

42 (7.4)

65 (11.5)

274 (79.7)

24 (7.0)

46 (13.4)

284 (73.4)

34 (8.8)

69 (17.8)

0.05

Dialysis 111 (8.6) 39 (6.9) 24 (7.0) 48 (12.4) 0.01

Laboratory �ndings

Total cholesterol
(mg/dL)

168.2 ± 53.8 169.9 ± 55.1 169.0 ± 54.9 165.3 ± 50.6 0.42

Values are presented as n (%) or mean ± standard deviation. LDL, low density lipoprotein; HDL, high
density lipoprotein; hsCRP, high-sensitive C reactive protein.
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  Total
population (N 
= 1295)

No
abnormality
(N = 564)

Minor
abnormality (N 
= 344)

Major
abnormality (N 
= 387)

p

LDL-cholesterol
(mg/dL)

108.7 ± 39.7 108.8 ± 41.2 111.3 ± 39.2 106.5 ± 38.2 0.42

HDL-cholesterol
(mg/dL)

43.1 ± 12.3 44.2 ± 12.9 42.6 ± 11.8 42.3 ± 11.9 0.16

Triglyceride
(mg/dL)

152.7 ± 112.1 161.5 ± 127.9 153.9 ± 82.2 140.5 ± 110.4 0.05

Fasting glucose
(mg/dL)

140.8 ± 73.1 139.5 ± 76.9 138.6 ± 68.6 144.7 ± 71.4 0.45

Hba1c (mg/dL) 6.9 ± 1.9 6.8 ± 1.8 7.0 ± 2.0 7.0 ± 1.9 0.51

Creatinine
(mg/dL)

2.2 ± 2.4 2.0 ± 2.1 2.1 ± 2.2 2.6 ± 2.9 0.003

hsCRP (mg/dL) 2.5 ± 2.5 2.3 ± 2.4 2.4 ± 2.5 2.9 ± 2.7 0.01

10-year CVD risk
(SCORE)

Low/moderate

High

Very high

381 (29.4)

326 (25.2)

588 (45.4)

190 (33.7)

162 (28.7)

212 (37.6)

97 (28.2)

81 (23.6)

166 (48.3)

94 (24.3)

83 (21.5)

210 (54.3)

< 
0.001

Values are presented as n (%) or mean ± standard deviation. LDL, low density lipoprotein; HDL, high
density lipoprotein; hsCRP, high-sensitive C reactive protein.

Table 1. Baseline characteristics of study groups according to ECG abnormality

Proportion of ECG abnormalities
The two most common ECG diagnoses of major ECG abnormality were prolonged QT interval and AV
block (1st degree) (Table 2). Sinus bradycardia, abnormal T wave and QT interval (prolonged) were the
most common abnormal ECG diagnoses in CKD III/IV/V, respectively. These were followed by abnormal T
wave in CKD III/V patients and sinus bradycardia, myocardial ischemia (lateral) and QT interval
(prolonged) in CKD IV patients. Of note, the prevalence of prolonged QT interval increased as CKD stage
increased (4.7% in CKD III, 11.0% in CKD IV, 20.6% in CKD V).
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Table 2
Top 3 ECG diagnosis according to CKD stage and ECG group

CKD stage Minnesota code classi�cation ECG diagnosis (SNOMED) No. (%)

III No ECG abnormalities Normal sinus rhythm/ Sinus rhythm 759 (74.8)

Sinus arrhythmia 16 (1.6)

Aberrant conduction complex 9 (0.9)

Minor ECG abnormalities Sinus rhythm (bradycardia) 148 (14.6)

T wave (abnormal) 112 (11.0)

LVH 71 (7.0)

Major ECG abnormalities Myocardial infarction (inferior) 57 (5.6)

QT interval (prolonged) 48 (4.7)

AV block (1st degree) 43 (4.2)

IV No ECG abnormalities Normal sinus rhythm/ Sinus rhythm 77 (77.0)

Sinus arrhythmia 2 (2.0)

Aberrant conduction complex 1 (1.0)

Minor ECG abnormalities T wave (abnormal) 18 (18.0)

Sinus rhythm (bradycardia) 11 (11.0)

Left axis deviation 7 (7.0)

Major ECG abnormalities Myocardial ischemia (lateral) 11 (11.0)

QT interval (prolonged) 11 (11.0)

AV block (1st degree) 5 (5.0)

V No ECG abnormalities Normal sinus rhythm/ Sinus rhythm 157 (87.2)

Sinus arrhythmia 2 (1.1)

Junctional escape rhythm 1 (0.6)

Minor ECG abnormalities T wave (abnormal) 25 (13.9)

LVH 23 (12.8)

Sinus rhythm (bradycardia) 10 (5.6)

Major ECG abnormalities QT interval (prolonged) 37 (20.6)

AV block (1st degree) 13 (7.2)

Values are presented as n (%). LVH, left ventricular hypertrophy; AV, atrioventricular.
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CKD stage Minnesota code classi�cation ECG diagnosis (SNOMED) No. (%)

Myocardial ischemia (lateral) 11 (6.1)

Values are presented as n (%). LVH, left ventricular hypertrophy; AV, atrioventricular.

Table 2. Top 3 ECG diagnosis according to CKD stage and ECG group

ECG abnormality and MACCE
After excluding patients with prior history of MI or stroke (n = 251), 1,044 patients were analyzed to
evaluate the clinical impact of ECG abnormality on MACCE in CKD patients. Median follow-up period was
1826 days. The cumulative incidence of MACCE is shown in Table 3. The incidence rate of MACCE in the
group with major ECG abnormality was higher compared with those in the other groups (21.7%, 23.9%,
34.0%, p < 0.001). Among MACCE, new-onset MI also showed higher incidence in the group with major
ECG abnormalities, but death and stroke were not statistically different among the groups. Kaplan-Meier
curves showed similar results (Fig. 2).

 
Table 3

The cumulative incidence rates of new-onset MI, stroke, death, and MACCE

  Total
population

(N = 1044)

No
abnormality

(N = 480)

Minor
abnormality

(N = 276)

Major
abnormality

(N = 288)

p

New-onset MI 160 (15.3) 53 (11.0) 42 (15.2) 65 (22.6) < 
0.001

New-onset
stroke

64 (6.1) 25 (5.2) 16 (5.8) 23 (8.0) 0.13

All-cause death 121 (11.6) 52 (10.8) 30 (10.9) 39 (13.5) 0.29

MACCE 268 (25.7) 104 (21.7) 66 (23.9) 98 (34.0) < 
0.001

Values are presented as number of incidence (%). MI, myocardial infarction; MACCE, major adverse
cerebro-cardiovascular event.

Multivariable Cox regression analysis
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Cox regression analysis was performed to evaluate whether ECG abnormality was a meaningful risk
factor for MACCE occurrence after adjusting for various confounding factors (Table 4). It proposed major
ECG abnormality for the independent risk factor for MACCE in CKD patients (HR 1.48, 95%CI 1.11–1.97, p 
< 0.01). The other independent risk factors were male sex and diabetes mellitus. CKD stage was not
presented as an independent risk factor in predicting MACCE in CKD patients.
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Table 4
Multivariable Cox regression analyses for MACCE

Risk Factor HR (95% CI)

Unadjusted Adjusted

A. Using ECG abnormality category of the Minnesota ECG classi�cation

Age, years 1.01 (1.00-1.02) 1.01 (1.00-1.02)

Male 1.39 (1.09–1.77)** 1.45 (1.10–1.93)**

Current smoking 1.17 (0.90–1.54) 1.07 (0.77–1.49)

Alcohol drinking 0.96 (0.73–1.26) 0.81 (0.58–1.12)

Hypertension 1.07 (0.84–1.37) 0.82 (0.62–1.08)

Diabetes mellitus 1.48 (1.16–1.88)** 1.41 (1.07–1.86)*

Dyslipidemia 1.23 (0.96–1.57) 1.11 (0.84–1.46)

CKD stage

III

IV

V

Reference

1.51 (1.01–2.28)*

1.34 (0.97–1.85)

Reference

1.49 (0.98–2.27)

1.33 (0.93–1.90)

hsCRP, mg/dL 1.05 (1.01–1.10)* 1.04 (1.00-1.09)

ECG abnormality

Normal

Minor

Major

Reference

1.13 (0.83–1.53)

1.68 (1.27–2.21)**

Reference

1.09 (0.80–1.49)

1.48 (1.11–1.97)**

B. Using the detailed ECG diagnosis

Male 1.39 (1.09–1.77)** 1.35 (1.06–1.73)*

Diabetes mellitus 1.48 (1.16–1.88)** 1.38 (1.08–1.76)*

ECG diagnosis

Atrial �brillation

Atrial premature complex

QT interval (prolonged)

1.95 (1.11–3.40)*

2.95 (1.52–5.74)**

2.17 (1.51–3.12)**

1.98 (1.13–3.46)*

2.34 (1.20–4.60)*

1.98 (1.37–2.87)**

*Signi�cant at the p < 0.05, **Signi�cant at the p < 0.01. Values are presented as hazard ratio (95%
con�dence interval). CKD, chronic kidney disease; hsCRP, high-sensitive C reactive protein.
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There was a total of 70 detailed ECG diagnoses in the study population. Twenty-two ECG diagnoses
show a prevalence of more than 1%. Nine ECG diagnoses (atrial �brillation, atrial premature complex,
myocardial infarction (inferior), myocardial ischemia (lateral), QT interval (prolonged), right bundle
branch block, sinus arrhythmia, sinus rhythm (bradycardia), and T wave (abnormal)) had a p-value less
than 0.2 for univariate analysis. Multivariable analysis considering these nine ECG diagnoses proposed
three ECG diagnoses (atrial �brillation, atrial premature complex, QT interval (prolonged)) as the
independent predictors for MACCE.

The net reclassi�cation index and c-statistics were analyzed by adding ECG diagnosis to the SCORE risk
assessment model to evaluate whether it improves predictive power for major cardiovascular events
(Table 5). The new model combined with nine ECG diagnoses (c-statistics: 0.62; 95% CI 0.59–0.66)
showed higher performance compared to the SCORE model (c-statistics: 0.59; 95% CI 0.56–0.63). The
new model adopting ECG diagnoses signi�cantly improved the net reclassi�cation index (0.09; 95% CI
0.01–0.18).

  
Table 5

Model comparison of the SCORE model and SCORE model with ECG diagnosis added

  SCORE model SCORE model + ECG diagnosis

C-statistics (95% CI) 0.59 (0.56–0.63) 0.62 (0.59–0.66)

NRI (95% CI) Reference 0.09 (0.01–0.18)

NRI, net reclassi�cation index. SCORE model : Sex + Systolic blood pressure + Current smoker + Total
cholesterol. ECG diagnosis : Atrial �brillation + Atrial premature complex + Myocardial infarction
(inferior) + Myocardial ischemia (lateral) + QT interval (prolonged) + RBBB + Sinus arrhythmia + Sinus
rhythm (bradycardia) + T wave (abnormal).

Discussion
This study is the �rst long-term observational study to explore the prevalence and clinical impact of ECG
abnormality on cerebrocardiovascular prognosis in Asian CKD patients. We found several clinical
perspectives on ECG with respect to cerebrocardiovascular prognosis in CKD patients. First, the
prevalence of major ECG abnormalities increases as CKD stage increases. In CKD patients, the most
common ECG diagnosis corresponding to major ECG abnormalities was prolonged QT interval (7%). CKD
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patients with major ECG abnormalities had poor cerebrocardiovascular prognosis, in particular a higher
incidence of MI.

Several surrogate markers, such as albumin-creatinine ratio (ACR), pulse wave velocity, and carotid
ultrasound, have been proposed in predicting CVD in CKD patients(21). Of note, depending on the race,
there are differences in the association of some surrogate markers with CVD, and their decision criteria
are accordingly different. For example, ACR levels are higher and have a stronger association with CVD in
Asians compared to Europeans(22). Previously, several studies demonstrated that ECG abnormalities are
associated with poor cardiovascular prognosis in CKD patients(9, 10, 23). Although almost all these
studies have been conducted in CKD patients in Caucasian and black people, our study expands these
associations in Asian CKD patients.

Previous studies included patients taking medications that affect ECG results. For example, the use of 𝛽-
blockers capable of increasing PR intervals was at least 15% up to 65% in the previous studies. The
prevalence of CVD and psychotic disease also rises as renal function decreases in CKD patients, and
since many drugs for CVD and psychotic disease affect the ECG results, it is di�cult to con�rm the
prevalence of ECG abnormalities when excluding this confounding factor. Our study excluded those
patients taking almost all medications affecting ECG results such as 𝛽-blockers, non-dihydropyridine
calcium channel blockers, digoxin, ivabradine, type IA/IC/III antiarrhythmics, antipsychotics,
antidepressants, antihistamines, macrolides and chloroquines. Our study con�rmed the solid independent
association of major ECG abnormalities with CKD patients and their cerebrocardiovascular prognosis.

Interestingly, Cox regression analysis of MACCE in our study suggested major ECG abnormality as an
independent risk predictor, but not CKD stage. This suggests that ECG results are more important than
CKD stage for the occurrence of MACCE. Among various ECG diagnoses, prolonged QT interval was the
most common major ECG abnormality and was associated with CKD stage and CVD prognosis. This is
consistent with previous reports that QT interval is associated with cardiovascular events and deaths(9,
23–26). QT interval re�ects both conduction and repolarization of the heart and is affected by electrolyte
imbalance as well as myocardial ischemic condition. Therefore, QT interval is likely to be associated with
the occurrence of MI and sudden death, and prolonged QT interval is frequently observed in patients with
sudden death and MI(27), further suggesting it as a risk predictor for obstructive coronary artery
disease(28).

There are several limitations in our study. First, there is selection bias. We excluded CKD patients taking
medications that can affect the ECG results. As mentioned earlier, CKD patients often have other
comorbidities, so many of them take drugs that affect ECG. In our study, 20% of patients were excluded
because of use of these drugs. Therefore, our results cannot be extended to CKD patients taking these
drugs. Second, since different ECG abnormality criteria can be used for each study, we should be careful
when comparing or applying our study to other studies. Some previous studies adopted different criteria
for major and minor ECG abnormality(29–31). Although the Minnesota code classi�cation, which was
adopted in our study, cannot be considered the only standard for classi�cation of ECG abnormalities, we
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applied the latest version of the Minnesota code classi�cation. This is the �rst study to use the updated
version. Third, only 280 (21.6%) patients with advanced CKD under eGFR 30 mL/min/1.73m² were
included in our study. Similarly, the proportion of severe CKD patients was about 5–20% in previous
studies(9, 10, 23),. In addition, considering that cardiovascular comorbidities become more common in
severe CKD patients, the rate of drug use that affects ECG results will also be higher. Since these patients
were excluded in this study, the number of severe CKD patients in this study was smaller. Therefore, it is
limited in inferring the clinical impact of ECG abnormalities in patients with severe CKD.

In conclusion, major ECG abnormalities in Asian CKD patients increase the risk of cerebrocardiovascular
events, especially MI. Further research is needed on more precise cerebrocardiovascular risk assessment
and appropriate intervention strategies using ECG in the future.
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Figure 1

Study Design
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Figure 2

Kaplan-Meier plot of cumulative incidence of (A) MACCE, (B) MI, (C) stroke and (D) death
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