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ABSTRACT
End-stage renal disease (ESRD) patients are at increased risk of sudden cardiac death,
the risk of which is presumably related to arrhythmia. Electrocardiographic (ECG)
parameters have been found to correlate with arrhythmia and predict cardiovascular
outcomes in ESRD patients. Frailty is also a common feature in this population. We
investigate whether the severity of dialysis frailty is associated with ECG findings,
including PR interval, QRS duration, and QTc interval. Presence and severity of
frailty was ascertained using six different self-report questionnaires with proven
construct validity. Correlation analysis between frailty severity and ECG was made,
and those with significant association entered into multiple regression analysis for
confirmation. Among a cohort of chronic hemodialysis patients, we found that frailty
severity, assessed by the Edmonton frailty scale, is significantly associated with QRS
duration (r = −0.3, p < 0.05). Dialysis patients with QRS longer than 120 ms had
significantly lower severity of frailty than those with QRS less than 120 ms (p = 0.01
for the Edmonton frailty scale and 0.05 for simple FRAIL scale). Regression anal-
ysis showed that frailty severity, assessed by the Edmonton frailty scale and simple
FRAIL scale, was significantly associated with QRS duration independent of serum
electrolyte levels. In conclusion, a significant relationship exists between the severity
of frailty and QRS duration in ESRD patients. This might be an under-recognized
link between frailty and its adverse cardiovascular impact in these patients.
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INTRODUCTION
Among chronic kidney disease (CKD) and end-stage renal disease (ESRD) patients,

the combination of traditional risk factors (hypertension, diabetes mellitus (DM), and

smoking) and non-classical features (inflammation, malnutrition, vascular calcification)

contribute to the very high risk of cardiovascular events, especially sudden cardiac death

(SCD) (Shlipak et al., 2005). Referring to death from presumable cardiac origin within

one hour of symptom-onset, SCD claims nearly a quarter of all mortality cases in chronic

dialysis patients, emerging as a serious public health concern (Passman & Herzog, 2011).
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Approximately half of these deaths are likely triggered by fatal arrhythmia (ventricular

tachycardia/fibrillation), superimposed on susceptible substrates with myocardial

ischemia or systolic dysfunction (Wang et al., 2010). Furthermore, electrocardiographic

alterations, such as QTc interval alterations and repolarization dispersions, have been

reported to be pathogenic in ventricular arrhythmia among chronic hemodialysis patients,

serving as potential risk factors for SCD (Kalantzi et al., 2013).

Frailty, a phenotypic construct describing the low physiologic reserve status and

stress vulnerability, is frequently associated with adverse outcomes in elderly patients

with multimorbidity (Chao et al., 2015a). The emergence of frailty could involve

aging-associated physical degeneration, as well as subclinical organ dysfunction resulting

from intermittent insults. Increasing evidence suggests that frailty impairs the prognosis of

not only patients of advanced age, but also those with chronic illnesses, especially CKD and

ESRD, a pathologic status of accelerated ageing (Wilhelm-Leen et al., 2009). In addition,

the presence of frailty is accompanied by a higher prevalence of coronary artery disease

with more extensive vascular involvement, heart failure, and a higher risk of cardiovascular

mortality (Gharacholou et al., 2012; Sanchis et al., 2014). Among a large cohort of chronic

dialysis patients, Kutner and colleagues also showed that frailty is significantly associated

with vascular morbidities (Kutner et al., 2014). It is interesting to observe that in the same

study, cardiac dysrhythmia including atrial fibrillation, tachycardia, and cardiac arrest,

exhibited significant association with frailty as well. The above findings raise the possibility

that an association might exist between frailty and arrhythmia, leading to higher risk

of cardiac death, including SCD, among CKD/ESRD patients. Indeed, frail patients are

more likely to present untreated atrial fibrillation, potentially leading to adverse cardiac

outcomes (Polidoro et al., 2013).

Since arrhythmic events among CKD/ESRD patients could be heralded by pre-existing

electrocardiographic (ECG) abnormalities, studies have reported that common ECG

parameters effectively predict cardiovascular mortality among patients with renal failure

(Deo et al., 2015). ECG provides an aggregate overview of cardiac conduction and

rhythm, and is convenient to obtain in clinical practice. We hypothesize that in ESRD

patients, frailty might demonstrate significant association with their ECG parameters,

thus potentially influencing the arrhythmogenic potential and the subsequent risk of

cardiovascular mortality. We use a prospectively recruited chronic hemodialysis cohort to

evaluate the existence of such association.

MATERIALS AND METHODS
Participants and study design
We used a prospective observational cohort of chronic hemodialysis patients from Na-

tional Taiwan University Hospital (NTUH) Jinshan branch for analysis (Chao et al., 2015a;

Chao et al., 2015b). NTUH ethics committee approved this study (NO.201403006RINB)

and all enrollees had verbal informed consent.

The status of frailty was ascertained using six different self-report questionnaires

with Chinese-translation administered by trained nursing staffs, including Strawbridge
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questionnaire (frailty if >1 positive domain), Edmonton frailty scale (if score ≥8), Simple

FRAIL scale (if score ≥3), Groningen frailty instrument (if score ≥4), G8 questionnaire (if

score 514), and Tilburg frailty instrument (if score ≥5), as we previously reported (Chao

et al., 2015a). All instruments demonstrated fair construct validity in multiple reports. The

designation of instrument-specific frailty was according to the original criteria respectively,

and a higher score of all but the G8 questionnaire indicates increasing severity of frailty.

Outcomes
All participants received standard electrocardiographic examinations during their

inter-dialytic period and after frailty status assessment. Resting electrocardiograms

(ECGs) were recorded with a 12-channel Cardiofax Q electrocardiograph (Nihon Kohden,

Tokyo, Japan) at a paper speed of 25 mm/sec as well as standardization (10 mm equals

to 1 mV) with filter settings. Patients were mandated to have 5–10 min of rest before

examination. Reproducibility of the ECGs was reassured with fixed marks for each lead

and repeated examinations if deemed necessary by trained technicians. We collected

electrocardiographic parameters including PR intervals, QRS durations, and corrected

QT intervals (QTc) as provided by the interpretation programs of the ECG machine. ECG

abnormalities, including inverted T waves, Q waves, atrial premature complexes (APCs),

and ventricular premature complexes (VPCs) were also recorded for comparison.

Statistical analysis
Continuous and categorical variables were expressed as mean ± standard deviation and the

number with percentage, with comparisons between groups made by the independent

t-test or Mann–Whitney U-test (the former) and the chi-square test (the latter) if

appropriate. We assessed the correlation between clinical variables, including scores of

the six frailty screening instruments, and the collected ECG parameters, using Pearson’s

correlation coefficients. Variables exhibiting statistical significance correlation were

selected for inclusion in the multivariate analysis. Multiple logistic regression analysis,

incorporating clinical variables and all the frailty scores, were conducted to affirm the

existence of associations between variables. In all statistical analyses, a two-sided p < 0.05

was considered significant.

RESULTS
Clinical data of the participants
Among the forty-one chronic dialysis patients of advanced age (68.4 ± 10.8 years) and

44% male, more than four-fifth had pre-existing hypertension, followed by DM in nearly

half, heart failure, and thyroid disease (Table 1). More than one-third patients had ESRD

caused by diabetic nephropathy, followed by chronic glomerulonephritis. Laboratory

data of this cohort were also shown in Table 1. Participants were normokalemia and

normocalcemia (9.5 ± 1.6 meq/L and 9 ± 0.9 mg/dL), with low levels of inflammatory

markers (C-reactive protein, 0.8 ± 1.3 mg/dL).

Using the six screening instruments, we identified that 22% (simple FRAIL scale),

32% (Tilburg frailty indicator), 46% (Edmonton frailty scale), 56% (Groningen frailty
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Table 1 Baseline characteristics of enrollees.

Clinial features Results

Demographic data

Age (years) 68.4 ± 10.8

Gender (male%) 18 (44)

Dialysis duration (years) 2.7 ± 2.5

Comorbid conditions

Diabetes mellitus 19 (46)

Hypertension 35 (85)

Coronary artery disease 9 (22)

Heart failure 8 (20)

Malignancy 5 (12)

Thyroid diseases 5 (12)

Liu’s dialysis comorbidity index 1.6 ± 1.8

Etiology of end-stage renal disease

Diabetic nephropathy 16 (39)

Chronic glomerulonephritis 3 (7)

Miscellaneousa 7 (17)

Unknown 15 (37)

Laboratory data

Albumin (g/dL) 3.7 ± 0.3

Creatinine (mg/dL) 10.4 ± 2.5

Hemoglobin (mg/dL) 9.5 ± 1.6

Potassium (meq/L) 4.7 ± 0.9

Calcium (mg/dL) 9 ± 0.9

CRP (mg/dL) 0.8 ± 1.3

Electrocardiographic parameters

PR interval (ms) 185.4 ± 28.1

QRS duration (ms) 98.2 ± 18.2

QTc interval (ms) 427.6 ± 27.3

Heart rate (per min) 85.3 ± 18

Medication use

Beta-blockers 12 (29)

Notes.
Data were expressed as mean ± standard deviation for continuous variables, or number with percentages in parentheses
for categorical variables.

a Including unrecovering acute kidney injury, systemic lupus erythematosus, chronic interstitial nephritis, allograft
failure, obstructive uropathy.

indicator), 73% (Strawbridge questionnaire), and 83% (G8 questionnaire) patients were

in a frail status. Frailty severity results assessed by five out of the six questionnaires (simple

FRAIL scale, Tilburg frailty indicator, Edmonton frailty scale, Groningen frailty indicator,

Strawbridge questionnaire) showed good correlation (correlation coefficient between 0.5

and 0.7), while results from G8 questionnaire showed poorer correlation with those of the

others (Chao et al., 2015a).

Only one patient (2.4%) received ECG examination on the same day of the next session

(40 h after the previous dialysis), while 97.6% patients received ECG at least one day
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Table 2 Correlation between electrocardiographic parameters and clinical variables in the current
cohort.

Coefficient (p value) PR intervals QRS duration QTc interval

Albumin (g/dL) 0.05 (0.76) 0.26 (0.11) 0.13 (0.41)

Creatinine (mg/dL) −0.02 (0.89) 0.2 (0.22) 0.02 (0.9)

Hemoglobin (mg/dL) −0.09 (0.62) 0.28 (0.07) 0.15 (0.34)

Potassium (meq/L) 0.27 (0.11) −0.07 (0.66) −0.11 (0.51)

Calcium (mg/dL) −0.07 (0.69) 0.23 (0.16) 0.05 (0.77)

CRP (mg/dL) −0.25 (0.17) −0.11 (0.54) −0.17 (0.34)

Strawbridge questionnaire score 0.17 (0.33) −0.05 (0.75) −0.03 (0.84)

Edmonton Frailty Scale score 0.13 (0.46) −0.3 (0.049) −0.15 (0.36)

Simple FRAIL scale score 0.16 (0.34) −0.28 (0.08) −0.12 (0.47)

Groningen Frailty Indicator score 0.06 (0.73) −0.11 (0.52) −0.09 (0.59)

G8 questionnaire score 0.09 (0.58) 0.13 (0.43) 0.05 (0.75)

Tilburg Frailty Indicator score −0.02 (0.89) −0.07 (0.66) −0.1 (0.53)

Notes.
CRP, C-reative protein.

after their previous sessions. ECG results showed a mean heart rate of 85.3 per minute

among these patients. Four (9.8%) patients manifested atrial fibrillation on their ECGs,

and PR intervals could not be determined in these patients. Mean PR intervals, excluding

patients with atrial fibrillation, were 185.4 ± 28.1 ms, with about one-fourth (24.4%)

of participants presenting PR prolongation (≥200 ms). QT prolongation (≥450 ms in

male or ≥470 ms in female) among the entire cohort occurred in 4 patients (9.8%), while

mean QTc intervals were 427.6 ± 27.3 ms. Five patients had prolonged QRS durations

(≥120 ms). We found no significant differences among the obtained ECG parameters (PR

interval, QRS duration, and QTc interval) between patients with and without heart failure.

Beta-blocker users had significantly lower frailty severity assessed by simple FRAIL scale

than non-users (the former vs. the latter, 0.9 vs. 1.8, p = 0.04).

Eleven patients (26.8%) had inverted T waves within at least one lead of their ECGs,

while eight patients (19.5%), one patient (2.4%), and eight patients (19.5%) had

significant Q waves, APCs, and VPCs within at least one lead of their ECGs. No significant

difference was observed among the severity of frailty assessed by all the self-report

frailty instruments between patients with and without inverted T waves. Similarly, no

significant difference was observed among frailty severity between patients with and

without significant Q waves, or with and without VPCs.

Correlation between frailty severity and electrocardiographic
parameters
We next investigate the relationship between scores from the frailty-screening instruments

and PR intervals/QRS duration/QTc intervals (Table 2). There was no significant

correlation between the ECG parameters and laboratory data. We found that QRS

duration correlated significantly with frailty severity, using scores from the Edmonton

frailty scale (p = 0.049) (Fig. 1) and borderline significantly with the scores from Simple
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Figure 1 Correlation plot between frailty severity (assessed by Edmonton frailty scale) and QRS
durations.

FRAIL scale (p = 0.08). Those with QRS longer than 120 ms have significantly lower

frailty severity (by Edmonton frailty scale, longer vs. shorter, 3.6 vs. 7.1, p = 0.01; by

simple FRAIL scale, 0.6 vs. 1.7, p = 0.05) and higher proportion of patients with frailty (by

Edmonton frailty scale, longer vs. shorter, 0% vs. 53%, p < 0.01; by simple FRAIL scale, 0%

vs. 25%, p = 0.01).

Regression analysis for relationship confirmation
We performed multiple regression analysis, with QRS duration as a dependent variable, to

evaluate the relationship between QRS duration and the severity of frailty. Accounting

for clinical parameters including heart failure, comorbidity index, and serum albu-

min/electrolyte levels, scores assessed by the Edmonton frailty scale showed significantly

negative association with QRS duration (β coefficient = −0.29, t = −2.03, p = 0.048).

Similarly, scores assessed by simple FRAIL scale showed significantly negative association

with QRS duration as well (β coefficient = −0.27, t = −1.84, p = 0.05). A sensitivity

analysis, incorporating interdialytic weight gain status (IDWG) (high, defined according to

IDWG ≥5% of dry weight, or low) in the regression, did not alter our findings significantly

(frailty severity by Edmonton frailty scale, β coefficient = −0.58, t = −3.42, p = 0.002).

DISCUSSION
In the current study, we found that self-report frailty is significantly associated with QRS

duration in chronic hemodialysis patients, and the association is independent of serum

electrolyte levels and heart failure status. This relationship potentially explains the higher

risk of cardiovascular events among patients with frailty, and provides an opportunity to

detect the adverse impact of frailty at an earlier stage.
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Frailty significantly raises the risk of cardiovascular death among those with cardiac

morbidities (Ekerstad et al., 2011). However, the mediator of this frailty-introduced

cardiovascular disadvantage is rarely elucidated before, and never in ESRD population.

Past reports discovered that QRS prolongation is predictive of increased mortality among

patients with hypertension, coronary artery disease, and heart failure (Elhendy et al., 2005).

Electrophysiological studies on myocardium showed that intraventricular conduction

delay correlates significantly with patchy and diffuse myocardial fibrosis, resulting in

QRS lengthening (Kawara et al., 2001). Consequently, the significant association between

frailty severity and QRS duration could signify that, through its relationship with QRS

duration and potentially arrhythmogenic potential, frailty contributes to the observed

cardiovascular risk in ESRD patients.

Hemodialysis poses a significant challenge to ESRD patients, affecting their hemody-

namic stability through rapid volume removal. However, apart from its hemodynamic

effect, dialysis might induce alterations in ECG findings. Several reports suggest that

hemodialysis is associated with increases in T wave, QRS amplitude, and prolongation

of QTc interval and QRS duration (Covic et al., 2002; Madias, 2006). The main reason for

these ECG changes has been proposed to be related to fluid status instead of changes in

electrophysiology (Madias, 2006). Post-dialysis ECG parameters (duration/amplitude) are

often accentuated due to amelioration of edema from ultrafiltration. Indeed, malnutrition

is frequently accompanied by frailty, and ESRD patients with overhydration have signifi-

cantly higher proportion of malnutrition (Eyigor et al., 2015). Malnutrition-inflammation

syndrome in chronic dialysis patients also correlates significantly with excess extracellular

fluid and an edematous status (Guo et al., 2013). Consequently, the inverse relationship

between QRS duration and frailty severity found in this study might suggest that ESRD

patients with more severe frailty exhibit higher levels of fluid accumulation than those with

less severe frailty, leading to a shorter QRS duration on their ECG. Since all ECG in this

study were obtained during intra-dialytic period, the parameters would not be affected by

the dialysis procedure per se. This association is independent of electrolyte (potassium and

calcium) and heart failure status, also lending support to this frailty-malnutrition-edema

theory in chronic dialysis patients.

The frequency of hemodialysis might potentially influence the risk of arrhythmia.

Studies reported that complex arrhythmic episodes, including premature ventricular

contractions, tend to occur within the first 6–12 h after each session of dialysis (Santoro

et al., 2008). It is then plausible that patients receiving lower frequency of dialysis per

week are at less risk of dialysis-related arrhythmia than those receiving higher frequency

of treatment, and differences in their inter-dialytic ECG parameters might exist. In our

cohort, only 2 patients (4.9%) received twice weekly dialysis, while others (95.1%) received

thrice weekly dialysis. The two patients under twice weekly dialysis did not exhibit PR

prolongation, and their QTc intervals and QRS durations were normal. Excluding these

two patients from analysis, we similarly found that dialysis patients with QRS prolongation

has significantly lower frailty severity (using the Edmonton scale, longer vs. shorter, 3.6 vs.
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7.0, p = 0.01; using simple FRAIL scale, 0.6 vs. 1.7, p = 0.05). These findings suggest that

the frequency of dialysis session did not affect our results significantly.

Atrial fibrillation is also common in chronic dialysis patients, and QRS duration could

be an important outcome-predictor in those with atrial fibrillation (Lin, Liu & Chu,

2009; Chao et al., 2012). Similarly, chronic dialysis patients are at risk of developing left

ventricular hypertrophy (LVH), and existing literature identified a potential association

between LVH and QRS prolongation, especially in hypertensive patients (Budhwani, Patel

& Dwyer, 2005). However, incorporating these variables (atrial fibrillation, LVH or not)

in our regression did not affect the relationship we identified. This suggests that these two

factors play a minor role in the association between the frailty severity and QRS durations.

Our study had its limitations. The case number in this cohort is modest, attenuating

the statistical power for accurate analysis; the significance of our finding could increase

the credibility of this study. The utilization of different self-report frailty instruments

for assessing frailty severity and repetitive ECG examination for reproducibility also

strengthens our results. In addition, the absence of echocardiographic or cardiac magnetic

resonance findings for myocardial status ascertainment reduces the interpretability of our

findings, and administration of self-report questionnaires might suffer from recall bias.

Further large-scale study is needed to confirm and also extend the applicability of our

results.

ACKNOWLEDGEMENT
We are grateful to the staffs of National Taiwan University Hospital Jin-shan branch for

their effort in data collection.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This study is financially supported by Ministry of Science and Technology, Taiwan, ROC

(MOST-104-2220-E-002-010-). The funder had no role in study design, data collection

and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:

Ministry of Science and Technology, ROC: MOST-104-2220-E-002-010-.

Competing Interests
The authors declare there are no competing interests.

Author Contributions
• Chia-Ter Chao conceived and designed the experiments, performed the experiments,

analyzed the data, contributed reagents/materials/analysis tools, wrote the paper,

prepared figures and/or tables, reviewed drafts of the paper.

• Jenq-Wen Huang conceived and designed the experiments, analyzed the data,

contributed reagents/materials/analysis tools, reviewed drafts of the paper.

Chao and Huang (2015), PeerJ, DOI 10.7717/peerj.1354 8/11

https://peerj.com
http://dx.doi.org/10.7717/peerj.1354


Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body

and any reference numbers):

National Taiwan University Hospital Ethics Committee approved this study

(NO.201403006RINB).

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/

10.7717/peerj.1354#supplemental-information.

REFERENCES
Budhwani N, Patel S, Dwyer Jr EM. 2005. Electrocardiographic diagnosis of left ventricular

hypertrophy: the effect of left ventricular wall thickness, size, and mass on the specific criteria
for left ventricular hypertrophy. American Heart Journal 149:709–714
DOI 10.1016/j.ahj.2004.07.040.

Chao C-T, Hsu Y-H, Chang P-Y, He Y-T, Ueng R-S, Lai C-F, Chiang C-K, Huang J-W, Huang S-J.
2015a. Simple self-report FRAIL scale might be more closely associated with dialysis
complications than other frailty screening instruments in rural chronic dialysis patients.
Nephrology 20:321–328 DOI 10.1111/nep.12401.

Chao C-T, Lai C-F, Huang J-W, Chiang C-K, Huang S-J. 2015b. Association of increased travel
distance to dialysis units with the risk of anemia in rural chronic hemodialysis elderly.
Hemodialysis International 19:44–53 DOI 10.1111/hdi.12187.

Chao C-T, Wu V-C, Lai C-F, Shiao C-C, Huang T-M, Wu P-C, Tsai I-J, Hou C-C, Wang W-J,
Tsai H-B, Lin YF, Chiang WC, Lin SL, Tsai PR, Ko WJ, Wu MS, Wu KD, NSARF Group. 2012.
Advanced age affects the outcome-predictive power of RIFLE classification in geriatric patients
with acute kidney injury. Kidney International 82:920–927 DOI 10.1038/ki.2012.237.

Covic A, Diaconita M, GusbethTatomir P, Covic M, Botezan A, Ungureanu G, Goldsmith DJ.
2002. Haemodialysis increases QTc interval but not QTc dispersion in ESRD patients
without manifest cardiac disease. Nephrology, Dialysis, Transplantation 17:2170–2177
DOI 10.1093/ndt/17.12.2170.

Deo R, Shou H, Soliman EZ, Yang W, Arkin JM, Zhang X, Townsend RR, Go AS, Shlipak MG,
Feldman HI. 2015. Electrocardiographic measures and prediction of cardiovascular
and noncardiovascular death in CKD. Journal of the American Society of Nephrology pii.
ASN.2014101045 Epub ahead of print Jul 2015 DOI 10.1681/ASN.2014101045.

Ekerstad N, Swahn E, Janzon M, Alfredsson J, Lofmark R, Lindenberger M, Carlsson P. 2011.
Frailty is independently associated with short-term outcomes for elderly patients with
non–ST-segment elevation myocardial infarction. Circulation 124:2397–2404
DOI 10.1161/CIRCULATIONAHA.111.025452.

Elhendy A, Hammill SC, Mahoney DW, Pellikka PA. 2005. Relation of QRS duration on the
surface 12-lead electrocardiogram with mortality in patients with known or suspected coronary
artery disease. American Journal of Cardiology 96:1082–1088
DOI 10.1016/j.amjcard.2005.06.038.

Chao and Huang (2015), PeerJ, DOI 10.7717/peerj.1354 9/11

https://peerj.com
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.7717/peerj.1354#supplemental-information
http://dx.doi.org/10.1016/j.ahj.2004.07.040
http://dx.doi.org/10.1111/nep.12401
http://dx.doi.org/10.1111/hdi.12187
http://dx.doi.org/10.1038/ki.2012.237
http://dx.doi.org/10.1093/ndt/17.12.2170
http://dx.doi.org/10.1681/ASN.2014101045
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.025452
http://dx.doi.org/10.1016/j.amjcard.2005.06.038
http://dx.doi.org/10.7717/peerj.1354


Eyigor S, Kutsal YG, Duran E, Huner B, Paker N, Durmus B, Sahin N, Civelek GM, Gokkaya K,
Dogan A, Gunaydin R, Toraman F, Cakir T, Evcik D, Aydeniz A, Yildirim AG, Borman P,
Okumus M, Ceceli E, Turkish Society of Physical Medicine and Rehabilitation, Geriatric
Rehabilitation Working Group. 2015. Frailty prevalence and related factors in the older
adult—FrailTURK Project. Age 37:Article 9791 DOI 10.1007/s11357-015-9791-z.

Gharacholou SM, Roger VL, Lennon RJ, Rihal CS, Sloan JA, Spertus JA, Singh M. 2012.
Comparison of frail patients versus nonfrail patients ≥65 years of age undergoing percutaneous
coronary intervention. American Journal of Cardiology 109:1569–1575
DOI 10.1016/j.amjcard.2012.01.384.

Guo Q, Yi C, Li J, Wu X, Yang X, Yu X. 2013. Prevalence and risk factors of fluid overload in
southern chinese continuous ambulatory peritoneal dialysis patients. PLoS ONE 8:e53294
DOI 10.1371/journal.pone.0053294.

Kalantzi K, Gouva C, Letsas KP, Vlachopanou A, Foulidis V, Bechlioulis A, Katopodis KP,
Goudevenos JA, Korantzopoulos P. 2013. The impact of hemodialysis on the dispersion of
ventricular repolarization. Pacing and Clinical Electrophysiology 36:322–327
DOI 10.1111/pace.12066.

Kawara T, Derksen R, De Groot JR, Coronel R, Tasseron S, Linnenbank AC, Hauer RN,
Kirkels H, Janse MJ, De Bakker JM. 2001. Activation delay after premature stimulation in
chronically diseased human myocardium relates to the architecture of interstitial fibrosis.
Circulation 104:3069–3075 DOI 10.1161/hc5001.100833.

Kutner NG, Zhang R, Huang Y, McClellan WM, Soltow QA, Lea J. 2014. Risk factors for frailty
in a large prevalent cohort of hemodialysis patients. American Journal of the Medical Sciences
348:277–282 DOI 10.1097/MAJ.0000000000000250.

Lin Y-J, Liu Y-B, Chu C-C. 2009. Incremental changes in QRS duration predict mortality in
patients with atrial fibrillation. Pacing and Clinical Electrophysiology 32:1388–1394
DOI 10.1111/j.1540-8159.2009.02508.x.

Madias JE. 2006. Increase in the QRS duration after amelioration of peripheral edema and after
hemodialysis. Congest Heart Fail 12:265–270 DOI 10.1111/j.1527-5299.2006.05386.x.

Passman R, Herzog CA. 2011. End-stage renal disease: sudden cardiac death: stratifying risk in
dialysis patients. Nature Reviews Nephrology 7:133–135 DOI 10.1038/nrneph.2010.166.

Polidoro A, Stefanelli F, Ciacciarelli M, Pacelli A, Di Sanzo D, Alessandri C. 2013. Frailty in
patients affected by atrial fibrillation. Archives of Gerontology and Geriatrics 57:325–327
DOI 10.1016/j.archger.2013.04.014.

Sanchis J, Bonanad C, Ruiz V, Fernandez J, Garcia-Blas S, Mainar L, Ventura S, Rodriguez-
Borja E, Chorro FJ, Hermenegildo C, Bertomeu-Gonzalez V, Nunez E, Nunez J. 2014. Frailty
and other geriatric conditions for risk stratification of older patients with acute coronary
syndrome. American Heart Journal 168:784–791 DOI 10.1016/j.ahj.2014.07.022.

Santoro A, Mancini E, London G, Mercadal L, Fessy H, Perrone B, Cagnoli L, Grandi E, Severi S,
Cavalcanti S. 2008. Patients with complex arrhythmias during and after haemodialysis
suffer from different regimens of potassium removal. Nephrology, Dialysis, Transplantation
23:1415–1421 DOI 10.1093/ndt/gfm730.

Shlipak MG, Fried LF, Cushman M, Manolio TA, Peterson D, Stehman-Breen C, Bleyer A,
Newman A, Siscovick D, Psaty B. 2005. Cardiovascular mortality risk in chronic kidney disease:
comparison of traditional and novel risk factors. JAMA 293:1737–1745
DOI 10.1001/jama.293.14.1737.

Chao and Huang (2015), PeerJ, DOI 10.7717/peerj.1354 10/11

https://peerj.com
http://dx.doi.org/10.1007/s11357-015-9791-z
http://dx.doi.org/10.1016/j.amjcard.2012.01.384
http://dx.doi.org/10.1371/journal.pone.0053294
http://dx.doi.org/10.1111/pace.12066
http://dx.doi.org/10.1161/hc5001.100833
http://dx.doi.org/10.1097/MAJ.0000000000000250
http://dx.doi.org/10.1111/j.1540-8159.2009.02508.x
http://dx.doi.org/10.1111/j.1527-5299.2006.05386.x
http://dx.doi.org/10.1038/nrneph.2010.166
http://dx.doi.org/10.1016/j.archger.2013.04.014
http://dx.doi.org/10.1016/j.ahj.2014.07.022
http://dx.doi.org/10.1093/ndt/gfm730
http://dx.doi.org/10.1001/jama.293.14.1737
http://dx.doi.org/10.7717/peerj.1354


Wang AY-M, Lam CW-K, Chan IH-S, Wang M, Lui S-F, Sanderson JE. 2010. Sudden cardiac
death in end-stage renal disease patients: a 5-year prospective analysis. Hypertension 56:210–216
DOI 10.1161/HYPERTENSIONAHA.110.151167.

Wilhelm-Leen ER, Hall YN, Tamura MK, Chertow GM. 2009. Frailty and chronic kidney disease:
the third national health and nutrition evaluation survey. American Journal of Medicine
122:664–671 DOI 10.1016/j.amjmed.2009.01.026.

Chao and Huang (2015), PeerJ, DOI 10.7717/peerj.1354 11/11

https://peerj.com
http://dx.doi.org/10.1161/HYPERTENSIONAHA.110.151167
http://dx.doi.org/10.1016/j.amjmed.2009.01.026
http://dx.doi.org/10.7717/peerj.1354

	Frailty severity is significantly associated with electrocardiographic QRS duration in chronic dialysis patients
	Introduction
	Materials and Methods
	Participants and study design
	Outcomes
	Statistical analysis

	Results
	Clinical data of the participants
	Correlation between frailty severity and electrocardiographic parameters
	Regression analysis for relationship confirmation

	Discussion
	Acknowledgement
	References


