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Background: This study aimed to evaluate the predictive value of non-

specific ST-segment and/or T-wave abnormalities in electrocardiography

(ECG) for all-cause and cardiovascular mortality (CVM) in peritoneal dialysis

(PD) patients.

Methods: All patients who started PD between November 1, 2005, and

February 28, 2017, at the First Affiliated Hospital of Nanchang University

were enrolled. The primary outcomes were all-cause mortality and CVM. The

Kaplan–Meier method and a log-rank test were used for the survival analysis.

Multivariate Cox proportional hazards models were used to investigate the risk

factors for all-cause mortality and CVM.

Results: A total of 724 eligible PD patients were enrolled, including 401 (55.4%)

men. In total, 153 (21.1%) patients died during a mean follow-up period of 27

(interquartile range, 13–41) months, and cardiovascular death was responsible

for 84 of these deaths. The patients with non-specific ST-T abnormalities

(NSSTTAs) had lower overall and cardiovascular survival rates compared to

those free from any ECG abnormalities. According to the multivariate Cox

proportional hazards models, (NSSTTAs) are independent risk factors for

all-cause mortality and CVM, the hazard ratios are 1.81 (95% confidence

interval, 1.11–2.95; p = 0.017) and 2.86 (95% confidence interval, 1.52–5.37;

p = 0.001), respectively.

Conclusion: Non-specific ST-T abnormalities can serve as risk markers of all-

cause and CVM in PD patients.
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1 Introduction

Chronic kidney disease (CKD) is a leading cause of death
worldwide, with an estimated global incidence of 11–13% (1).
Cardiovascular diseases (CVDs) are common complications in
patients with CKD, and dialysis patients are at the greatest risk
for CVDs including ventricular arrhythmias and sudden cardiac
death (SCD). According to statistics, approximately 55.2% of
patients on dialysis have CVDs, and 44.2% experience cardiac
arrest or arrhythmias (2). In addition, CVDs are the leading
cause of mortality in patients undergoing peritoneal dialysis
(PD), accounting for > 40% of deaths in this population (3–
5). Previous studies have shown that traditional factors like
serum cholesterol, blood pressure, diabetes, and smoking are
common risk factors for cardiovascular mortality (CVM) (6).
However, despite the popularization of prevention measures,
PD patients remain at increased risk for CVM. Therefore, the
early identification of CVD risk groups may have prominent
clinical significance for improving risk stratification and
treatment management.

Electrocardiography (ECG) is a simple, non-invasive
method that has been used to diagnose coronary heart disease
(CHD) and CVD for nearly 100 years (7). Isolated non-
specific ST-segment abnormalities, isolated non-specific T-wave
abnormalities, and non-specific ST-T abnormalities (NSSTTAs)
are the most common non-specific ECG abnormalities
found in otherwise healthy people (8–10). NSSTTAs may
be characterized by elevated or depressed ST-segments or
changes in T-waves, such as their slight flattening, which can
suggest subclinical CHD, early left ventricular hypertrophy,
increased left ventricular weight, or an autonomic nervous
imbalance (11). NSSTTAs account for most of the ST-T
abnormalities revealed via ECG investigation. Slight ST-T
abnormalities are observed in approximately 1% of resting
ECGs in the healthy population and may be associated with
an increased risk of death (12). Cho et al. (13) investigated
16,793 Korean active subjects, including 1,037 subjects with
NSSTTAs who had a greater incidence of atrial fibrillation
or flutter at the 10-year follow-up point compared to those
without NSSTTAs. In a prospective study, Greenland et al.
(14) followed 7,985 women and 9,630 men for 22 years
and found that a single mild ST-segment depression,
mild T-wave abnormality, or mild ST-T abnormality was
associated with an increased risk of death and had long-term
prognostic effects on CVM. Such abnormalities could be
used as markers of an increased risk of CHD and CVD.
Nevertheless, studies of the predictive value of non-specific
ST-segment and/or T-wave abnormalities on ECGs in dialysis
patients are limited. The purpose of this study was therefore
to assess the relationship between non-specific ST-segment
and/or T-wave abnormalities and all-cause mortality and
CVM in PD patients.

2 Materials and methods

2.1 Study design and baseline data
collection

Between November 1, 2005, and February 28, 2017,
we selected dialysis patients receiving PD at the First
Affiliated Hospital of Nanchang University in Jiangxi province,
China. Patients aged > 18 years, and PD was maintained
for ≥ 3 months after the first PD session were enrolled,
while those with conversion from hemodialysis, failed kidney
transplantation, lack of ECG data, and premorbid CVD
were excluded. We also declined to enroll patients with
abnormal ECGs and secondary ST-T changes, such as probable
myocardial infarction, atrial fibrillation, atrioventricular block,
or premature contraction. All data and study participants
were approved by the Human Ethics Committee of Nanchang
University [Application ID: (2021) 9-021], and this study
conformed with the ethical principles of the Declaration of
Helsinki (15).

Participants were divided into 4 groups according to the
ECG reports, as follows: patients with normal ECGs, those
with isolated non-specific ST-segment abnormalities, those
with isolated non-specific T-wave abnormalities, and those
with NSSTTAs (ECG reports are provided in Supplementary
Figures 1–4). All patients were followed up until the cessation
of PD, death, or May 31, 2017. Baseline data and biochemical
indicators, including age, sex, body mass index (BMI), diabetes,
hypertension, CVD, hemoglobin, albumin, total cholesterol
(TC), triglycerides (TGs), low-density lipoprotein cholesterol
(LDL-C), and high-density lipoprotein cholesterol (HDL-C),
were collected from all participants within the first 3 months
of PD. Data collected before the catheterization day were
preferred. The baseline residual renal function was evaluated
using the glomerular filtration rate (eGFR) estimated by CKD
epidemiology combined with the creatinine equation before
commencing PD (16). According to the American Heart
Association, the causes of CVM include acute myocardial
infarction, SCD, heart failure, stroke, and cardiovascular
bleeding (17).

2.2 Definition of non-specific
ST-segment and/or T-wave
abnormalities

Standard 12-lead ECGs were collected before PD catheter
insertion or within 3 months of PD. The records were evaluated
by an ECG specialist and reviewed by a supervising doctor. Non-
specific ST-segment and/or T-wave abnormalities on ECGs were
defined according to Minnesota Codes (MC). Criteria are as
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follows: isolated non-specific ST-segment abnormalities (MC 4-
3 or 4-4); isolated non-specific T-wave abnormalities (MC 5-3 or
5-4); non-specific ST-T abnormalities (MC 4-3 or 4-4 plus MC
5-3 or 5-4) (18).

2.3 Statistical analyses

SPSS software version 26 (IBM Corporation, Armonk,
NY, USA) and R version 4.0.2 (R Foundation for Statistical
Computing, Vienna, Austria)1 were used to calculate all
variable data. Categorical variables are presented as frequencies
and percentages, normally distributed continuous variables
are presented as mean ± standard deviation values, and
non-normally distributed continuous variables are presented
as medians and interquartile ranges. One-way analysis of
variance, the Kruskal–Wallis test, Kaplan–Meier analysis, and
multivariate Cox proportional hazards models were used for
statistical analysis. This study fit a total of 3 multivariate
proportional hazards models. Covariates with p < 0.05 in the
univariate Cox analysis or that were deemed to be clinically
significant were chosen for multivariate Cox proportional
hazards regression. Age, sex, BMI, premorbid diabetes, and
hypertension were adjusted in model 1. Hemoglobin, albumin,
uric acid, TC, HDL-C, LDL-C, and potassium were further
adjusted in model 2. Finally, anti-hypertensive medication use
was adjusted in model 3. The results are presented as hazard

1 http://www.r-project.org

ratio (HR) and 95% confidence interval (95% CI) values, and
p < 0.05 indicates statistical significance.

3 Results

3.1 Baseline patient characteristics

This study eventually included 724 incident PD patients.
In total, 351 patients had normal ECG findings, 174 patients
had isolated non-specific T-wave abnormalities, 39 patients
had isolated non-specific ST-segment abnormalities, and 160
patients had NSSTTAs. Comparisons of baseline data and the
biochemical indicators of all participants are shown in Table 1.
This study revealed no significant differences among the groups
with different ECG abnormalities in terms of age, sex, BMI,
premorbid diabetes, hypertension, eGFR, total Kt/V, albumin,
or lipids, with hemoglobin levels being an exception (Table 1).

3.2 Prognostic value of baseline
non-specific ST-segment and/or
T-wave abnormalities

After a median follow-up period of 27 (interquartile
range, 13–41) months, 73 all-cause deaths, including 35 CVD
deaths, were recorded among the patients with normal ECG
findings; 28 all-cause deaths, including 13 CVD deaths, were
recorded among the patients with isolated non-specific T-wave

TABLE 1 Baseline characteristics of participants with or without non-specific ST-segment and/or T-wave abnormalities.

Variables Normal ECG
finding

(n = 351)

Non-specific T-wave
abnormalities

(n = 174)

Non-specific ST-segment
abnormalities

(n = 39)

Non-specific ST-T
abnormalities

(n = 160)

P-value

Age (years) 48.4 ± 14.2 46.7 ± 13.8 51.8 ± 12.3 47.5 ± 13.9 0.175

Male sex (%) 188 (53.6) 93 (53.4) 21 (53.8) 99 (61.9) 0.321

Body mass index (kg/m2) 21.7 ± 3.4 22.1 ± 3.7 21.3 ± 2.8 21.9 ± 3.4 0.561

Diabetes (%) 50 (14.2) 29 (16.7) 7 (17.9) 35 (21.9) 0.200

Hypertension (%) 246 (70.1) 117 (67.2) 28 (71.8) 126 (78.8) 0.111

eGFR (mL/min/1.73 m2) 3.2 (1.7–5.5) 2.8 (1.7–4.9) 3.1 (2.2–4.3) 3.1 (1.6–6.0) 0.531

Total Kt/V 2.2 (1.7–2.7) 2.3 (1.7–2.7) 2.1 (1.4–2.6) 2.1 (1.7–2.7) 0.782

Hemoglobin (g/dL) 77.1 ± 15.6 78.3 ± 16.6 71.5 ± 16.5 81.7 ± 18.6 0.002

Albumin (g/L) 35.5 ± 5.5 35.6 ± 5.5 36.7 ± 3.9 35.5 ± 5.6 0.642

Total cholesterol (mmol/L) 4.16 ± 1.30 4.21 ± 1.17 4.14 ± 1.25 4.34 ± 1.10 0.499

Triglyceride (mmol/L) 1.27 (0.89–1.79) 1.25 (0.88–1.80) 1.37 (0.99–1.81) 1.37 (0.89–1.87) 0.742

HDL-C (mmol/L) 1.09 (0.91–1.40) 1.09 (0.92–1.43) 1.07 (0.78–1.15) 1.19 (0.91–1.46) 0.110

LDL-C (mmol/L) 2.22 (1.78–2.85) 2.41 (1.91–2.98) 2.23 (1.66–2.87) 2.41 (1.89–2.93) 0.121

Potassium (mmol/L) 4.4 ± 0.8 4.5 ± 0.8 4.2 ± 0.9 4.4 ± 0.8 0.071

HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol. In all cases, p < 0.05 is considered statistically significant.
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abnormalities; 13 all-cause deaths, including 9 CVD deaths,
were recorded among the patients with isolated non-specific ST-
segment abnormalities; and 39 deaths, including 27 CVD deaths,
were recorded among the patients with NSSTTAs, respectively
(Figure 1).

The Kaplan–Meier method was used to estimate overall
and cardiovascular survival rates of the patients with NSSTTAs
and those free from any ECG changes (Figures 2, 3). The
participants who presented with NSSTTAs had significantly
lower cumulative overall and cardiovascular survival rates
compared to those with normal ECG findings (log-rank
p < 0.05).

The long-term prognostic effect of non-specific ST-segment
and/or T-wave abnormalities on all-cause mortality and CVM
was assessed using Cox proportional hazards models (Table 2).
Compared to the PD patients with normal ECG findings, those
with NSSTTAs had HRs (95% CIs) for all-cause mortality and
CVM of 1.70 (1.06–2.72) and 2.87 (1.55–5.30) after adjusting
for age, sex, BMI, premorbid diabetes, and hypertension in
model 1; 1.80 (1.10–2.92) and 2.87 (1.53–5.37) after further
adjusting for hemoglobin, albumin, uric acid, triglyceride,
HDL-C, LDL-C, and potassium in model 2; and 1.81 (1.11–2.95)

and 2.86 (1.52–5.37) after further adjusting for anti-hypertensive
medication use in model 3, respectively (Table 2).

Isolated non-specific ST-segment abnormalities were
associated with CVM even after full adjustment in model 3,
and the HR (95% CI) was 3.25 (1.26–8.39). However, isolated
non-specific ST-segment abnormalities were not associated
with all-cause mortality; moreover, isolated non-specific T-wave
abnormalities were not associated with either all-cause mortality
or CVM in models 1–3 (Table 2).

4 Discussion

This study is the first to show that NSSTTAs are a new
predictive risk factor for all-cause mortality and CVM in
PD patients. We analyzed 4 groups of patients with normal
ECGs, isolated non-specific T-wave abnormalities, isolated non-
specific ST-segment abnormalities, and NSSTTAs, respectively,
and found that no significant differences existed in age, sex, BMI,
premorbid diabetes, hypertension, eGFR, total Kt/V, albumin,
or lipids among the groups, with hemoglobin level being
an exception. In addition, the PD patients with NSSTTAs

FIGURE 1

Enrollment flowchart. PD, peritoneal dialysis; HD, hemodialysis; IQR, interquartile range; ECG, electrocardiogram; CVD, cardiovascular disease.
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FIGURE 2

Kaplan–Meier curves for the cumulative patient survival.

FIGURE 3

Kaplan–Meier curves for the cumulative cardiovascular survival.
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TABLE 2 The associations of ST-segment and/or T-wave abnormalities with all-cause and CVM.

Variables T-wave abnormalities ST-segment abnormalities ST-T abnormalities

HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

All-cause mortality

Model 1a 1.08 (0.61–1.93) 0.797 2.00 (0.98–4.09) 0.058 1.70 (1.06–2.72) 0.027

Model 2b 1.02 (0.57–1.84) 0.943 1.97 (0.94–4.12) 0.073 1.80 (1.10–2.92) 0.018

Model 3c 1.05 (0.58–1.88) 0.881 1.83 (0.84–3.98) 0.126 1.81 (1.11–2.95) 0.017

Cardiovascular mortality

Model 1a 1.13 (0.49–2.58) 0.778 3.01 (1.21–7.51) 0.018 2.87 (1.55–5.30) 0.001

Model 2b 1.04 (0.45–2.40) 0.937 3.02 (1.18–7.74) 0.022 2.87 (1.53–5.37) 0.001

Model 3c 1.04 (0.45–2.42) 0.930 3.25 (1.26–8.39) 0.015 2.86 (1.52–5.37) 0.001

HR, hazard ratio; CI, confidence interval; BMI, body mass index; CVM, cardiovascular mortality.
aModel 1: adjusted for age, sex, BMI, premorbid diabetes, and hypertension. bModel 2: model 1 adjusted also for hemoglobin, albumin, uric acid, triglycerides, high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol, and potassium. cModel 3: model 2 adjusted also for anti-hypertensive medication use.

had significantly lower cumulative overall and cardiovascular
survival rates. Therefore, we suggest that NSSTTAs may provide
a new strategy for the non-invasive prediction of all-cause
mortality and CVM in patients receiving PD.

NSSTTAs are common in healthy people, and NSSTTAs in
individuals with non-renal diseases have shown a good ability
to predict cardiovascular morbidity and mortality. Sawano
et al. (19) investigated 14,077 participants, including 3,111
(22.1%) that had NSSTTAs at baseline. Their results showed that
106 patients (3.4%) with NSSTTAs had experienced ischemic
stroke, and NSSTTAs were associated with a 32% increased
risk of ischemic stroke after model adjustment. Badheka et al.
(20) revealed a positive relationship between NSSTTAs and
higher incidence rates of CVM and all-cause mortality in
a large nationally representative cross-sectional cohort study.
Furthermore, the association between NSSTTAs and CVD
or CHD is not affected by traditional risk factors (21). The
underlying mechanisms explaining the association between
non-specific NSSTTAs and cardiovascular morbidity and
mortality have not been clarified. Some studies have suggested
that NSSTTAs may indicate the presence of subclinical CHD,
early left ventricular hypertrophy, an increased left ventricular
weight, or an autonomic nervous imbalance (11, 21). However,
other studies did not separate isolated ST-segment abnormalities
and isolated T-wave changes from NSSTTAs. Moreover, patients
with renal failure are prone to cardiovascular changes, but few
studies have focused on the role of non-specific ECG changes in
this population.

Dialysis patients usually experience changes in
hemodynamics, electrolytes, and the acid–base balance, all
of which are potentially arrhythmogenic. Abe et al. (22) found
that, among the 142 Holter records of 72 hemodialysis patients,
ST-T abnormalities were found in 43 cases (60%). ST-segment
depression occurred in 11 patients during and several hours
after dialysis, and dynamic ECGs showed a high incidence
of arrhythmias and ST-T abnormalities. Kalcik et al. (23)

previously reported that the duration of the P-wave, QRS
complex, and R-wave peak time were significantly increased in
patients with end-stage renal disease. Also, Kuo et al. (24) found
that 196 (64%) of 306 PD patients had prolonged QT intervals.
The clinical significance of non-specific ECG changes in dialysis
patients is consistent with that in the general population.
Meanwhile, Omae et al. (25) determined that ST-T changes
predict the cardiovascular outcomes of chronic hemodialysis
patients, and Jaroszynski et al. (26) concluded that a positive
T-wave in lead aVR is an independent and powerful predictor of
CVM in hemodialysis patients. In patients with end-stage renal
disease, other investigators have found that QT interval, spatial
QRS-T angle, signal averaged ECG, heart rate variability, and
T-wave alternation may be related to the cardiac risk (27, 28).

In this study, we analyzed the relationship between different
non-specific ECG changes and CVM and all-cause mortality,
and the results showed that patients who presented with
NSSTTAs tended to have higher hemoglobin levels. This seems
to be contrary to the results of a previous study, which reported
that lower hemoglobin levels are an independent risk factor for
CVD and mortality in patients with CKD (29). We suppose
that this result may be related to the greater proportion of
men with NSSTTAs, as previous studies have reported that
male dialysis patients typically have higher hemoglobin levels
than their female counterparts (30). In addition, we also
found that isolated ST-segment abnormalities and NSSTTAs
predict CVM and all-cause mortality in PD patients, but we
failed to find such a relationship between isolated T-wave
abnormalities and CVM and all-cause mortality. To the best
of our knowledge, this is a novel finding. Although the
underlying pathophysiology mechanism remains unknown, we
suspect that non-specific ST-segment or ST-T abnormalities may
reflect subclinical cardiovascular changes, as many factors—
such as anemia, a micro-inflammatory state, uremic toxin
accumulation, fluid overload, secondary hyperparathyroidism,
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hypertension, altered lipid metabolism, and the accumulation
of gut microbiota–derived uremic toxins like trimethylamine
N-oxidase—may affect cardiovascular function in the context of
renal failure (31). Nevertheless, T-waves are more susceptible
to electrolyte disturbances, especially changes in potassium,
which are common in patients undergoing PD (29, 32)
and may eventually mitigate the T-wave’s effect on the
prognosis of PD patients.

There are some limitations of our research. First, our study
was a single-center retrospective study that enrolled only a small
number of PD patients. Second, the appearance of NSSTTAs
can be linked to transient physiological phenomena, abnormal
left ventricular wall motion without CHD, electrolyte disorders,
and drug use (33), limiting the repeatability of identifying
NSSTTAs on continuous ECG measurements. Third, the level
of inflammatory factors will also affect changes in ECGs and
influence the all-cause mortality and CVM of PD patients.
Therefore, we will further explore the role and risk factors of
NSSTTAs in PD patients and whether inflammatory factors are
involved in NSSTTAs in the future.

5 Conclusion

In summary, non-specific ECG changes are common in PD
patients. Our results found that NSSTTAs are associated with
long-term all-cause mortality and CVM in patients with PD.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed
and approved by the Human Ethics Committee of Nanchang
University. Written informed consent for participation was
not required for this study in accordance with the national
legislation and the institutional requirements.

Author contributions

XZ conceived and designed the study and performed the
statistical analyses. JH and MW collected the data. CZ drafted
the manuscript. JX made revisions to the manuscript. All
authors read and approved the final manuscript.

Funding

This work was supported by the Key Research and
Development Plan of Jiangxi Province, China (20181BBG70016),
the Natural Science Foundation of Jiangxi Province, China
(20212BAB216020), the Project of the Administration of
Traditional Chinese Medicine of Jiangxi Province, China
(2020Z020), and the Science and Technology Program of Jiangxi
Health Commission (20195075 and 20165097).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fcvm.2022.930517/full#supplementary-material

References

1. Hill N, Fatoba S, Oke J, Hirst J, O’Callaghan C, Lasserson D, et al. Global
prevalence of chronic kidney disease—a systematic review and meta-analysis. PLoS
One. (2016) 11:e0158765. doi: 10.1371/journal.pone.0158765

2. System U. 2020 USRDS Annual Data Report: Epidemiology of Kidney Disease
in the United States. Bethesda, MD: National Institutes of Health, National Institute
of Diabetes and Digestive and Kidney Diseases (2020).

3. Li J, Huang N, Zhong Z, Joe P, Wang D, Ai Z, et al. Risk factors and outcomes of
cardiovascular disease readmission within the first year after dialysis in peritoneal
dialysis patients. Ren Fail. (2021) 43:159–67. doi: 10.1080/0886022X.2020.1866009

4. Jegatheesan D, Cho Y, Johnson D. Clinical studies of interventions to mitigate
cardiovascular risk in peritoneal dialysis patients. Semin Nephrol. (2018) 38:277–90.
doi: 10.1016/j.semnephrol.2018.02.007

Frontiers in Cardiovascular Medicine 07 frontiersin.org

https://doi.org/10.3389/fcvm.2022.930517
https://www.frontiersin.org/articles/10.3389/fcvm.2022.930517/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2022.930517/full#supplementary-material
https://doi.org/10.1371/journal.pone.0158765
https://doi.org/10.1080/0886022X.2020.1866009
https://doi.org/10.1016/j.semnephrol.2018.02.007
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


fcvm-09-930517 December 13, 2022 Time: 10:29 # 8

Zhan et al. 10.3389/fcvm.2022.930517

5. Xie X, Lv D, Zheng H, Zhang X, Han F, Chen J. The associations of blood
pressure parameters with all-cause and cardiovascular mortality in peritoneal
dialysis patients: a cohort study in China. J Hypertens. (2020) 38:2252–60. doi:
10.1097/HJH.0000000000002526

6. Xiang S, Zhang X, Xie X, Wang J, Zhou Q, Chen Z, et al. High serum uric acid
level is a mortality risk factor in peritoneal dialysis patients: a retrospective cohort
study. Nutr Metab. (2019) 16:52. doi: 10.1186/s12986-019-0379-y

7. Sigurdsson E, Sigfusson N, Sigvaldason H, Thorgeirsson G. Silent ST-T
changes in an epidemiologic cohort study–a marker of hypertension or coronary
heart disease, or both: the Reykjavik study. J Am Coll Cardiol. (1996) 27:1140–7.
doi: 10.1016/0735-1097(95)00614-1

8. Kumar A, Prineas R, Arnold A, Psaty B, Furberg C, Robbins J, et al. Prevalence,
prognosis, and implications of isolated minor nonspecific ST-segment and T-wave
abnormalities in older adults: cardiovascular health study. Circulation. (2008)
118:2790–6. doi: 10.1161/CIRCULATIONAHA.108.772541

9. Sawano M, Kohsaka S, Okamura T, Inohara T, Sugiyama D, Shiraishi Y,
et al. Independent prognostic value of single and multiple non-specific 12-lead
electrocardiographic findings for long-term cardiovascular outcomes: a prospective
cohort study. PLoS One. (2016) 11:e0157563. doi: 10.1371/journal.pone.0157563

10. Sjoland H, Fu M, Caidahl K, Hansson PO. A negative T-wave in
electrocardiogram at 50 years predicted lifetime mortality in a random population-
based cohort. Clin Cardiol. (2020) 43:1279–85. doi: 10.1002/clc.23440

11. Brady W. ST segment and T wave abnormalities not caused by acute coronary
syndromes. Emerg Med Clin North Am. (2006) 24:91–111. doi: 10.1016/j.emc.2005.
08.004

12. Hampton J. The importance of minor abnormalities in the resting
electrocardiogram. Eur Heart J. (1984) 5(Suppl. A):61–3. doi: 10.1093/eurheartj/
5.suppl_a.61

13. Cho M, Nam G, Kim Y, Kim J, Choi K, Kim Y. Clinical implications of
ventricular repolarization parameters on long-term risk of atrial fibrillation—
longitudinal follow-up data from a general ambulatory Korean population. Circ J.
(2020) 84:1067–74. doi: 10.1253/circj.CJ-19-1151

14. Greenland P, Xie X, Liu K, Colangelo L, Liao Y, Daviglus M, et al.
Impact of minor electrocardiographic ST-segment and/or T-wave abnormalities
on cardiovascular mortality during long-term follow-up. Am J Cardiol. (2003)
91:1068–74. doi: 10.1016/s0002-9149(03)00150-4

15. Sipahioglu M, Kucuk H, Unal A, Kaya M, Oguz F, Tokgoz B, et al. Impact
of arterial stiffness on adverse cardiovascular outcomes and mortality in peritoneal
dialysis patients. Perit Dial Int. (2012) 32:73–80. doi: 10.3747/pdi.2010.00186

16. De Bacquer D, De Backer G, Kornitzer M. Prevalences of ECG findings
in large population-based samples of men and women. Heart. (2000) 84:625–33.
doi: 10.1136/heart.84.6.625

17. Hicks K, Mahaffey K, Mehran R, Nissen S, Wiviott S, Dunn B, et al. 2017
cardiovascular and stroke endpoint definitions for clinical trials. Circulation. (2018)
137:961–72. doi: 10.1161/CIRCULATIONAHA.117.033502

18. Prineas R, Crow R, Zhang Z. The Minnesota Code Manual of
Electrocardiographic Findings: Including Measurement and Comparison with
the Novacode: Standards and Procedures for ECG Measurement in Epidemiologic
and Clinical Trials. 2nd ed. London: Springer (2010).

19. Sawano M, Yuan Y, Kohsaka S, Inohara T, Suzuki T, Okamura T, et al.
Electrocardiographic ST-T abnormities are associated with stroke risk in the

REGARDS study. Stroke. (2020) 51:1100–6. doi: 10.1161/STROKEAHA.119.
028069

20. Badheka A, Rathod A, Marzouka G, Patel N, Bokhari S, Moscucci M, et al.
Isolated nonspecific ST-segment and T-wave abnormalities in a cross-sectional
United States population and mortality (from NHANES III). Am J Cardiol. (2012)
110:521–5. doi: 10.1016/j.amjcard.2012.04.023

21. Kumar A, Lloyd-Jones D. Clinical significance of minor nonspecific ST-
segment and T-wave abnormalities in asymptomatic subjects: a systematic review.
Cardiol Rev. (2007) 15:133–42. doi: 10.1097/01.crd.0000249382.65955.14

22. Abe S, Yoshizawa M, Nakanishi N, Yazawa T, Yokota K, Honda M, et al.
Electrocardiographic abnormalities in patients receiving hemodialysis. Am Heart
J. (1996) 131:1137–44. doi: 10.1016/s0002-8703(96)90088-5

23. Kalcik M, Yetim M, Dogan T, Eser B, Dogan I, Bekar L, et al. The relationship
between R wave peak time and left ventricular mass index in patients with end-
stage renal disease on hemodialysis. Int Urol Nephrol. (2019) 51:2045–53. doi:
10.1007/s11255-019-02297-w

24. Kuo H, Liu Y, Liang C, Chang C, Wang S, Liu J, et al. Prolonged QT interval
is linked to all-cause and cardiac mortality in chronic peritoneal dialysis patients.
Nephrology. (2017) 22:436–40. doi: 10.1111/nep.12808

25. Omae K, Ogawa T, Yoshikawa M, Nitta K. Left atrial dilatation and ST-T
changes predict cardiovascular outcome in chronic hemodialysis patients. Heart
Vessels. (2012) 27:610–7. doi: 10.1007/s00380-011-0189-2

26. Jaroszynski A, Jaroszynska A, Siebert J, Dabrowski W, Niedzialek J, Bednarek-
Skublewska A, et al. The prognostic value of positive T-wave in lead aVR in
hemodialysis patients. Clin Exp Nephrol. (2015) 19:1157–64. doi: 10.1007/s10157-
015-1100-8

27. Waks J, Tereshchenko L, Parekh R. Electrocardiographic predictors of
mortality and sudden cardiac death in patients with end stage renal disease on
hemodialysis. J Electrocardiol. (2016) 49:848–54. doi: 10.1016/j.jelectrocard.2016.
07.020

28. Skampardoni S, Poulikakos D, Malik M, Green D, Kalra P. The potential of
electrocardiography for cardiac risk prediction in chronic and end-stage kidney
disease. Nephrol Dial Transplant. (2019) 34:1089–98. doi: 10.1093/ndt/gfy255

29. Pichitporn W, Kanjanabuch T, Phannajit J, Puapatanakul P, Chuengsaman
P, Parapiboon W, et al. Efficacy of potassium supplementation in hypokalemic
patients receiving peritoneal dialysis: a randomized controlled trial. Am J Kidney
Dis. (2022) S0272-6386:627–8. doi: 10.1053/j.ajkd.2022.03.013

30. Artan A, Kircelli F, Ok E, Yilmaz M, Asci G, Dogan C, et al. Dialyzing women
and men: does it matter? An observational study. Clin Kidney J. (2016) 9:486–93.
doi: 10.1093/ckj/sfw013

31. Ahmadmehrabi S, Tang W. Hemodialysis-induced cardiovascular disease.
Semin Dial. (2018) 31:258–67. doi: 10.1111/sdi.12694

32. Bukhari H, Palmieri F, Ramirez J, Laguna P, Ruiz J, Ferreira D, et al.
Characterization of T wave amplitude, duration and morphology changes
during hemodialysis: relationship with serum electrolyte levels and heart
rate. IEEE Trans Biomed Eng. (2021) 68:2467–78. doi: 10.1109/TBME.2020.304
3844

33. Healy C, Lloyd-Jones D. Association of traditional cardiovascular
risk factors with development of major and minor electrocardiographic
abnormalities: a systematic review. Cardiol Rev. (2016) 24:163–9. doi:
10.1097/CRD.0000000000000109

Frontiers in Cardiovascular Medicine 08 frontiersin.org

https://doi.org/10.3389/fcvm.2022.930517
https://doi.org/10.1097/HJH.0000000000002526
https://doi.org/10.1097/HJH.0000000000002526
https://doi.org/10.1186/s12986-019-0379-y
https://doi.org/10.1016/0735-1097(95)00614-1
https://doi.org/10.1161/CIRCULATIONAHA.108.772541
https://doi.org/10.1371/journal.pone.0157563
https://doi.org/10.1002/clc.23440
https://doi.org/10.1016/j.emc.2005.08.004
https://doi.org/10.1016/j.emc.2005.08.004
https://doi.org/10.1093/eurheartj/5.suppl_a.61
https://doi.org/10.1093/eurheartj/5.suppl_a.61
https://doi.org/10.1253/circj.CJ-19-1151
https://doi.org/10.1016/s0002-9149(03)00150-4
https://doi.org/10.3747/pdi.2010.00186
https://doi.org/10.1136/heart.84.6.625
https://doi.org/10.1161/CIRCULATIONAHA.117.033502
https://doi.org/10.1161/STROKEAHA.119.028069
https://doi.org/10.1161/STROKEAHA.119.028069
https://doi.org/10.1016/j.amjcard.2012.04.023
https://doi.org/10.1097/01.crd.0000249382.65955.14
https://doi.org/10.1016/s0002-8703(96)90088-5
https://doi.org/10.1007/s11255-019-02297-w
https://doi.org/10.1007/s11255-019-02297-w
https://doi.org/10.1111/nep.12808
https://doi.org/10.1007/s00380-011-0189-2
https://doi.org/10.1007/s10157-015-1100-8
https://doi.org/10.1007/s10157-015-1100-8
https://doi.org/10.1016/j.jelectrocard.2016.07.020
https://doi.org/10.1016/j.jelectrocard.2016.07.020
https://doi.org/10.1093/ndt/gfy255
https://doi.org/10.1053/j.ajkd.2022.03.013
https://doi.org/10.1093/ckj/sfw013
https://doi.org/10.1111/sdi.12694
https://doi.org/10.1109/TBME.2020.3043844
https://doi.org/10.1109/TBME.2020.3043844
https://doi.org/10.1097/CRD.0000000000000109
https://doi.org/10.1097/CRD.0000000000000109
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Non-specific electrocardiographic ST-T abnormalities predict mortality in patients on peritoneal dialysis
	1 Introduction
	2 Materials and methods
	2.1 Study design and baseline data collection
	2.2 Definition of non-specific ST-segment and/or T-wave abnormalities
	2.3 Statistical analyses

	3 Results
	3.1 Baseline patient characteristics
	3.2 Prognostic value of baseline non-specific ST-segment and/or T-wave abnormalities

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


