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Abstract

Rationale & Objective: Atrial fibrillation is common in patients with kidney failure treated by 

maintenance dialysis. Whether the incidence of AF differs between patients receiving 

hemodialysis and peritoneal dialysis is uncertain.

Study Design: Retrospective cohort study.

Setting & Participants: Using the United States Renal Data System we identified older patients 

(≥67 years) with Medicare Parts A+B who initiated dialysis (1996–2011) without a diagnosis of 

atrial fibrillation during the prior 2 years.

Exposure: Dialysis modality at incident end-stage renal disease (ESRD) and maintained for at 

least 90 days.

Outcome: Patients were followed for ≤36 months for a new diagnosis of atrial fibrillation.
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Analytical Approach: Time-to-event analysis using multivariable Cox proportional hazards 

regression to estimate cause-specific hazard ratios while censoring at modality switch, kidney 

transplantation, or death.

Results: Overall, 271,722 older patients were eligible; 17,487 (6.9%) were treated with 

peritoneal dialysis and 254,235 (93.1%) with hemodialysis at the onset of ESRD. During 406,225 

person-years of follow-up, 69,705 patients were newly diagnosed with atrial fibrillation. Since the 

proportionality assumption was violated, we introduced an interaction term between time period 

(first 90 days vs. thereafter) and modality. The atrial fibrillation incidence during the first 90 days 

was 187/1,000 person-years on peritoneal dialysis and 372/1,000 person-years on hemodialysis. 

Patients on peritoneal dialysis had an adjusted 39% (95%CI; 34–43%) lower incidence of atrial 

fibrillation than those on hemodialysis. From day 91 onwards, the atrial fibrillation incidence was 

~140/1,000 person-years with no major difference between modalities.

Limitations: Residual confounding from unobserved differences between exposure groups; 

ascertainment of AF from billing claims; study of first modality may not generalize to patients 

switching modalities; uncertain generalizability to younger patients.

Conclusions: While patients initiating dialysis using peritoneal dialysis had lower atrial 

fibrillation incidence during the first 90 days of ESRD, there was no major difference in atrial 

fibrillation incidence thereafter. The value of interventions to reduce the early excess atrial 

fibrillation risk in patients receiving hemodialysis may warrant further study.
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INTRODUCTION

Atrial fibrillation/flutter (AF) is the most common sustained arrhythmia in the general 

population and is particularly common in patients with end-stage renal disease (ESRD). 

More than 10% of prevalent U.S. patients on hemodialysis (HD) carry a confirmed diagnosis 

of AF, and the percentage increases steeply with age, reaching approximately one quarter of 

patients over 85 years of age.1 The cumulative incidence of newly diagnosed AF during the 

first year of dialysis among older patients initiating HD is almost 15%.2 Patients with AF 

experience poor health outcomes including higher mortality, excess rates of ischemic stroke, 

systemic thromboembolism, myocardial infarction, heart failure, kidney disease, and incur 

higher healthcare cost.3,4 Several risk factors for the development of AF have been 

identified, including socio-demographic characteristics (older age, female sex, white race, 

non-Hispanic ethnicity), and chronic conditions (e.g., heart failure, diabetes, hypertension) 

and it appears that most of these factors similarly increase AF risk in patients with kidney 

failure requiring maintenance dialysis.

One potential AF risk factor unique to patients with kidney failure that has not sufficiently 

been investigated is the dialysis modality used for kidney replacement therapy. Several 

considerations would support a hypothesized difference in AF risk between patients 

undergoing peritoneal dialysis (PD) vs. HD. Patients undergoing HD are exposed to 
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considerable cyclical changes in fluid and electrolyte status, with accumulation of fluid and 

uremic toxins, including potentially pro-arrhythmogenic electrolytes (potassium, calcium, 

magnesium) during the intradialytic interval followed by rapid fluid removal and electrolyte 

shifts during the relatively short HD procedure.5 By contrast, PD confers a more continuous 

removal of excess fluids and maintenance of electrolyte balance, thus exercising less strain 

on the heart while reducing the burden of other potential AF triggers.

Little is known, however, about whether the AF incidence differs between patients 

undergoing HD vs. PD. We conducted this study to specifically challenge the null hypothesis 

of no difference in AF incidence between incident ESRD patients using PD vs. HD in a 

large ESRD registry.

METHODS

Source population and study design

We identified from the United States Renal Data System (USRDS) older individuals with 

incident ESRD aged 67–99 years who initiated chronic dialysis between 1/1/1996 and 

12/31/2011 in the 50 states and the District of Columbia. The USRDS is the national registry 

of persons with ESRD and includes almost all patients with ESRD undergoing dialysis 

treatment or kidney transplantation.6 We defined the first day of dialysis services as the 

index date.

We restricted the cohort to patients with uninterrupted Medicare Part A&B (MPAB) 

coverage between 24 months prior to and 3 months after the index date. Adjacent MPAB 

coverage periods with a coverage gap of ≤3 days were considered as uninterrupted coverage. 

We ascertained minimum active system use of MPAB by requiring at least one billing claim 

to Medicare in each of the 3 intervals: 24–13 and 12–0 months preceding the first service 

day, as well as during the 3 months following the index date. We identified eligible patients 

for incident AF by excluding all patients with any billing claims containing an International 

Classification of Diseases, 9th Revision (ICD-9) diagnosis code of 427.3x during the 24 

months prior to the index date.2

Outcome of Interest

Patients were followed for the occurrence of a new diagnosis of AF, which could be from a 

single inpatient diagnosis code or from an outpatient diagnosis code that was a subsequently 

confirmed.2

Exposure of Interest

We required that eligible patients maintained dialysis using a single modality (HD or PD) 

until at least 90 days after the index date, unless they died or underwent kidney 

transplantation in this period, in which case they were censored. Individuals receiving HD 

could have had center HD, center-self HD, or home HD, and those using PD underwent 

either continuous ambulatory, continuous cyclic, or another type of PD. We excluded 

patients who died on the index date or received preemptive kidney transplantation, had a 
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period with “uncertain” dialysis, discontinued dialysis, recovered kidney function, or were 

lost to follow-up during the 90 days following the index date.

Covariates

Demographic and health-relevant characteristics were abstracted from the ‘patients’ and the 

Medical Evidence Report files in the USRDS and categorized as follows: age (67–69, 70–

74, 75–79, ≥80 years), sex, race/ethnicity (Hispanic White, non-Hispanic White, Black, 

Asian, Other), body mass index (BMI; <18.5, 18.5 to <25, 25 to <30, ≥30 kg/m2), current 

smoking, alcohol dependence, drug dependence, geographic region (nine census divisions: 

New England, Middle Atlantic, East North Central, West North Central, South Atlantic, East 

South Central, West South Central, Mountain, Pacific), inability to ambulate or transfer, 

number of outpatient nephrologist visits in the 24 months preceding dialysis (0, 1–4, 5–9, 

≥10), Medicaid dual eligibility, hemoglobin (<8, 8 to <9.5, 9.5 to < 12, ≥12 g/dl), serum 

albumin (<3.5, ≥3.5 mg/dl), estimated glomerular filtration rate at start of dialysis (eGFR; 

<15, ≥15 ml/min/1.73 m2). Comorbidities such as diabetes mellitus, hypertension, heart 

failure, cardiovascular disease, cerebrovascular disease, peripheral vascular disease, chronic 

obstructive pulmonary disease and cancer, were considered as potential confounders and 

ascertained from the Medical Evidence Report file or any corresponding recorded diagnoses 

from Medicare claims preceding the first service date by <24 months.

Statistical analysis

We described baseline characteristics among all patients as well as by dialysis modality, HD 

vs. PD, using means and standard deviations or medians and interquartile ranges for 

continuous variables and counts and percent for categorical variables. Patients were followed 

for incident AF from the index date until the earliest occurrence of: loss of uninterrupted 

MPAB coverage, any sustained switch in dialysis modality (>60 days duration; variable 

‘rxhist60’ in the USRDS), kidney transplantation, death, or three years after their index date.

We calculated the incidence rate of AF as the number of incident AF events divided by total 

eligible person-time. With death as a competing event, we first applied the cause-specific 

hazard regression model to estimate the cause-specific hazard ratio (HR) of dialysis 

modality (PD vs. HD) on incident AF. This model considers the competing events as non-

informative censoring and is “better suited for studying the etiology of diseases.”7 Then we 

applied the Fine-Gray model to estimate the sub-distribution hazard ratio. This model 

considered persons with competing events as being still in the risk set when defining the 

hazard of AF, and is preferable in “predicting an individual’s risk.”7 We applied these 

competing risk models without adjustment (Model 1), then adjusted for demographic 

characteristics (age, sex, race/ethnicity; Model 2), and finally adjusted for all baseline 

demographic and health-relevant characteristics and comorbidities shown in Table 1 (Model 

3).

For covariates with missing values, we assumed data were missing at random and used fully 

conditional specification method to generate five multiple imputed data sets.8 All variables 

in the analysis were included in the imputation model.
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The validity of the proportional hazards assumption was examined by including an 

interaction term between exposure and follow-up time in the regression model, as well as 

analyzing Schoenfeld residuals for the exposure and all covariates. Any violation of the 

proportional hazards assumption would induce stratification or inclusion of an interaction 

term with follow-up time.

The study was approved by an institutional review board at Baylor College of Medicine 

(protocol #H-36408), which waived the requirement for informed consent, and an active 

Data Use Agreement with the National Institutes of Diabetes and Digestive and Kidney 

Diseases (NIDDK) was in place. Analyses were conducted using SAS for Windows (version 

9.4) or R software (version 3.3; R-project). Significance was at 2-sided α=0.05.

RESULTS

Study Cohort

We identified 271,722 patients eligible for inclusion in our study of incident AF (Figure 1), 

of whom 17,487 (6.4%) patients initiated dialysis using PD and 254,235 (93.6%) using HD. 

Differences between included and excluded patients are shown in Table S1. The median age 

was 75 years, 51% were women, 73% were white, 23% black, and 8% were Hispanic. PD 

patients were younger, more likely to be male, white, had fewer comorbidities, and were less 

likely to be impaired in their ambulation or ability to transfer (Table 1). While most 

characteristics differed significantly between modalities owing to the large sample size, it is 

notable that HD patients had fewer visits with nephrologists prior to dialysis initiation and 

lower serum albumin concentrations.

Overall, patients were followed for 1.5 years, on average, and contributed 406,225 person-

years during which 69,705 patients were newly diagnosed with AF. The PD group had lower 

unadjusted rates of AF in the first months after the index date, but this difference narrowed 

over the remaining follow up to 36 months (Figure 2). The unadjusted incidence rate of AF 

was lower among PD patients compared with HD patients (152.0 vs. 173.2 per 1000 person-

years), which was confirmed by formal Cox regression models (multivariable-adjusted 

cause-specific HR, 0.96 [95%CI, 0.93–0.99]; sub-distribution HR, 0.92 [95%CI, 0.89–0.95]; 

Table S2). However, the interaction term between dialysis modality and follow-up time 

indicated violation of the proportional hazards assumption (p<0.001), which was confirmed 

by inspection of a smoothed plot of Schoenfeld residuals versus time. Hence, we conducted 

the analyses by separating follow-up time into two periods at 3 months (≤90 vs. >90 days) 

and including an interaction term between modality and time period into the model. No 

residual violation of the proportionality assumption was observed within either of the two 

time periods. During the first 3 months of dialysis, 21,709 patients developed incident AF 

and 22,241 patients died without having developed AF. The unadjusted AF incidence rate 

was 186.6 per 1000 person-years in the PD and 372.0 per 1000 person-years in the HD 

group. Estimates of association from both cause-specific models indicated that patients on 

PD had an adjusted 43% (95%CI, 38%−47%) lower AF incidence than those on HD (Table 

2). These were consistent with the sub-distribution HR from Fine and Gray models that 

considered death as a competing risk (Table S3).
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Subsequently (i.e., from month 4 onwards), we followed 224,176 patients for incident AF. 

During up to 33-months of follow-up, 47,996 incident AF events occurred over 345,276 

person-years. The unadjusted AF incidence rate was 145.2 per 1000 person-years in patients 

on PD and 138.6 per 1000 person-years among those on HD. After controlling for all 

demographic and recorded health-related characteristics and comorbidities, the 

multivariable-adjusted cause-specific HR for PD vs. HD was 1.14 (95%CI, 1.10–1.19). 

When accounting for the competing risk of death the difference in the risk of incident AF 

between patients receiving PD vs. HD essentially disappeared (sub-distribution HR, 1.05; 

95%CI, 1.01–1.09).

We found that the unadjusted associations were relatively robust when adjusting for 

demographic characteristics (Model 2), but that adjustment for additional clinical variables 

attenuated the favorable association between PD and incident AF in the first 90 days and led 

to a small, but significant association between PD and higher AF risk thereafter. We 

identified presence of diagnosed heart failure prior to and baseline serum albumin at dialysis 

initiation to be the main confounders driving the differences between models 2 and 3 for 

both time periods (Table S4).

DISCUSSION

Using a large, national registry of persons with ESRD in the United States, we examined 

potential differences in the incidence of AF by dialysis modality in older patients initiating 

dialysis. We found evidence of a sizable, approximately 40% lower risk for incident AF 

among patients using PD during the first 3 months of dialysis treatment compared with HD. 

Beyond the first 3 months, however, the rates of incident AF were roughly similar between 

patients undergoing PD versus HD. These findings arose from a large cohort representative 

of older patients with kidney failure initiating maintenance dialysis and from analyses 

carefully adjusted for a large number of patient and health care characteristics that were 

captured in 2 years of pre-dialysis Medicare claims.

Atrial fibrillation is very common in patients with kidney failure on dialysis. While previous 

registry-based studies have indicated that approximately 10% among point prevalent HD 

patients had AF identified using billing claims,1 a study using electrocardiograms to identify 

AF showed a prevalence of 26%.9 Using new implantable technology, loop recorders, the 

Monitoring in Dialysis Investigators found that 41% of prevalent HD patients had at least 

one episode of >6 minutes of AF over 6 months of monitoring.10 Patients with AF on HD 

have worse morbidity and mortality outcomes compared with patients without AF, 

especially soon after a new diagnosis of AF.11,12 In addition, established interventions to 

reduce morbidity and mortality in patients with AF in the general population, such as oral 

anticoagulation, are not proven to be effective or net-beneficial in patients on dialysis.13–16 

Hence, any intervention towards reducing the risk of AF could be quite impactful in this 

high-risk population. Since many patients have a choice among dialysis modalities, our 

results may be informative for medical decision making. The results from our study may 

also have major implications for the direction of future investigation, including 

interventional trials, towards reducing this excessively high incidence of AF especially in 

patients initiating maintenance dialysis using HD.
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Our study contributes novel information regarding the risk of incident AF between the 

dialysis modalities. A retrospective cohort analysis of maintenance dialysis patients using 

Medicaid claims to identify chronic AF found 29% lower odds of prevalent AF in patients 

with self-care dialysis (either PD or HD) suggesting the possibility that there may also be 

modality differences in incident AF.17 A smaller and underpowered study of 225 patients 

without AF at dialysis initiation identified no significant difference for incident AF between 

dialysis modalities.18 A recent study from Taiwan compared the incidence of AF of patients 

on HD with age- and sex-matched persons from the general population, and – separately – 

did the same for patients on PD.19 The adjusted HR for AF risk was 1.46 (95%CI, 1.32–

1.61) among HD patients and 1.32 (95%CI, 1.00–1.83) for PD, versus the general 

population, but no formal direct comparison between the dialysis modalities was conducted, 

and the non-dialysis reference groups differed. There was also no consideration of the time 

dependency of AF risk over time.

There are at least two major explanations for the increased risk during the early dialysis 

period. First, patients with PD tend to be healthier that patients on HD on several domains 

that are measurable and others that may be less well captured. However, several recent 

studies comparing all-cause mortality between patients using PD vs. HD have found little 

difference in outcomes. Over the same duration of follow-up (3 years), Weinhandl et al. 
described cumulative survival probabilities of 58% vs. 57% for well-matched PD vs. HD 

patients in the US registry (HR, 1.00; 95%CI, 0.88–1.13), although earlier mortality 

appeared to favor PD.20 Results in older patients were generally more in favor of HD, with 

less benefit for PD early on and increased mortality among PD patients beyond 1 year. Using 

the Canadian dialysis registry, Perl et al. further differentiated between vascular access types 

among patients on HD and found that over 3 years of follow up, patients with arteriovenous 

fistula generally had lower mortality compared with patients on PD (HR, 0.8; 95%CI, 0.7–

0.9), whereas patients with a central venous hemodialysis catheter had higher mortality (HR, 

1.2; 95%CI, 1.2–1.3).21 Neither of these studies specifically looked at early (first 90 days) 

vs. later mortality, although the patients with a central venous catheter appeared to have even 

higher excess mortality in earlier than in later years.21 These findings appear to be 

corroborated by Chan et al. in data from one large U.S. dialysis provider, where patients 

with an arteriovenous fistula have similar mortality compared with PD patients, with little 

apparent time-dependency over the first year.22 However, none of these studies provided any 

more granular information about patient outcomes other than death, including AF.

Second, it is possible that among older patients initiating maintenance HD, a certain 

subgroup may be particularly susceptible to AF, especially in the first 3 months after dialysis 

initiation. Thus, these susceptible patients developed AF in the first 3 months, leaving a 

remaining risk set that is more tolerant of the stresses of the rapid fluid and electrolyte 

swings associated with thrice weekly HD, and therefore, more AF-resistant (‘depletion of 

susceptibles’).23 Indeed, the electrocardiographic changes with intermittent dialysis and its 

weight and electrolyte changes have been described as longas 60 years ago,5 and its 

association with adverse outcomes in hemodialysis patients, such as increased sudden 

(cardiac) death and hospitalization remain of high interest to clinical investigators in HD 

today.
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Our findings of an increased incidence of AF during the first 3 months after initiation of HD 

may inform a movement adopting an older idea that appears to have gained traction recently.
24 It has been proposed to initiate HD in a manner that is gentler than the one-fits-all thrice 

weekly HD approach, for example by starting patients with lesser frequency.25,26 Such 

‘incremental dialysis’ may facilitate the transition from untreated to treated kidney failure 

and takes into account the residual kidney function that most of the patients initiating 

dialysis possess. The usual approach towards prescribing PD incorporates the contribution in 

clearance from the residual function of the kidney whereas prescription of HD usually does 

not, partly in response to clearance criteria mandated and monitored as part of the Medicare 

Quality Improvement Program. It has been shown in the Monitoring in Dialysis study that 

AF episodes are most frequent during the 12 hour interval that begins with the start of the 

HD session, with the HD procedure being a particular strong trigger of AF episodes.10 Thus, 

it would be interesting to examine whether the incidence of AF can be reduced by a more 

personalized approach to initiating HD, by reducing the frequency or, perhaps, the dose.

The lack of any major difference in AF incidence between the dialysis modalities beyond 3 

months was perhaps unexpected. We had hypothesized that the cyclical swings in fluid 

status and electrolyte concentrations in patients on HD would contribute to increased AF 

risk, especially after the findings from smaller studies using implanted rhythm monitors that 

showed such a strong dependence of AF episodes relative to the specific time during the 

interval between 2 HD sessions.27 By contrast, PD is a much more continuous procedure 

with less swings in fluid status and electrolyte concentrations which, apparently, does not 

translate into reduced AF risk. Why the benefit of PD for AF risk is not sustained is unclear. 

Perhaps it is related to the complex pathophysiology of AF. As kidney failure patients 

chronically have volume overload and neurohormonal alterations leading to cardiac 

structural abnormalities, modality differences for dialysis may not be enough to reduce the 

risk of AF. It has been shown that chronic inflammation and oxidative stress may be 

implicated in the pathophysiology of AF, both of which are present in kidney failure patients 

on any dialysis modality.28 It is possible that these processes overcome the initial modality 

benefit for AF risk. Another possibility for the initial benefit of PD in decreasing AF risk is 

better preservation of residual kidney function in PD.29 The decreased initial risk of incident 

AF in PD may be related to residual kidney function and further warrants study of 

incremental HD as previously discussed.

The strengths of this study include a large population representative of the older US dialysis 

population, adjustment for a large number of patient characteristics measured over 2 years 

prior to initiation of dialysis, sophisticated statistical analysis including multiple imputation 

for missing data and consideration of competing risks, as well as careful dissection of the 

time dependency of the association found. However, there are also certain limitation that 

require consideration. This study is observational and, hence, susceptible to residual 

confounding by unmeasured, or imprecisely measured, characteristics. Too few patients used 

home-hemodialysis for us to specifically evaluate this sub-modality. We relied on 

information submitted in billing claims to Medicare, which assumes accurate capture of AF. 

Several validation studies have demonstrated that this may be a valid approach.30 Still, 

studies confirming and further refining our observation using direct measurement of heart 

rhythm may be warranted. It is further unclear from claims whether atrial fibrillation was 
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persistent, permanent, or paroxysmal, or whether it should be considered valvular or not. 

Medication information was unavailable for the vast majority of patients. Finally, it is 

unclear how these findings generalize to younger populations and populations and health 

care settings other than the United States.

In conclusion, we found that AF incidence differed between older patients initiating dialysis 

using PD versus HD in the United States, specifically that patients had increased AF risk 

over the first 3 months. Thereafter, the adjusted incidence of AF was similar between 

patients receiving HD versus PD. This study highlights the opportunity to further investigate 

the high rate of mortality, in particular as it relates to arrhythmia, in patients with ESRD new 

to dialysis.
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Figure 1: 
Flow chart illustrating cohort assembly.
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Figure 2: 
Actuarial incidence plot of newly diagnosed atrial fibrillation, by dialysis modality.
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Table 1.

Patient Characteristics, Stratified by Dialysis Modality

Characteristics All
(N= 271,722)

PD
(n = 17,487)

HD
(n = 254,235)

P-value

Baseline

Age at first ESRD service 75.0 [71.0, 80.0] 74.0 [70.0, 78.0] 76.0 [71.0, 81.0] <.001

Female sex 51.0 46.1 51.4 <.001

Race <.001

  White 72.8 84.4 72.0

  Black 23.1 11.7 23.9

  Asian 2.8 2.9 2.8

  other 1.3 1.1 1.3

Hispanic ethnicity 8.1 5.9 8.3 <0.001

Diagnosed/reported comorbid
conditions

  Hypertension 98.2 98.5 98.1 <0.001

  Heart failure 64.0 48.7 65.1 <0.001

  Coronary arterial disease 47.6 42.1 48.0 <0.001

  Cerebrovascular disease 29.8 23.0 30.3 <0.001

  Peripheral vascular disease 40.0 31.7 40.5 <0.001

  Diabetes 63.0 56.8 63.5 <0.001

  Chronic obstructive lung disease 10.4 7.1 10.7 <0.001

  Cancer 22.5 18.8 22.7 <0.001

  Current smoking 3.6 3.9 3.6 <0.001

  Alcohol dependence 0.6 0.3 0.6 <0.001

  Drug dependence 0.1 0.0 0.1 <0.001

  Inability to ambulate or transfer 6.5 2.2 6.8 <0.001

Cause of end-stage renal disease <0.001

  Diabetes 41.6 39.1 41.8

  Hypertension 34.4 33.5 34.4

  Glomerulonephritis 6.0 9.9 5.7

  Other 17.9 17.3 18.0

  Missing 0.1 0.1 0.1

Count of nephrology visits before
index

3.0 (0.0, 9.0) 7.0 (2.0, 13.0) 3.0 (0.0, 9.0) <0.001

Body mass index, kg/m2 25.4 (22.1, 29.7) 25.7 (22.8, 29.4) 25.4 (22.1, 29.7) <0.001

Serum albumin, g/dl 3.2 (2.8, 3.6) 3.6 (3.2, 4.0) 3.2 (2.7, 3.6) <0.001

Hemoglobin, g/dl 10.0 (8.9, 11.0) 10.6 (9.6, 11.6) 9.9 (8.9, 11.0) <0.001

eGFR, ml/min/1.73m2 7.7 (5.6, 10.5) 8.1 (6.0, 10.9) 7.7 (5.6, 10.5) <0.001

Follow-up during up to 3 years <0.001

  Incident AF 69,705 (25.7) 3876 (22.2) 65,829 (25.9) <0.001

Am J Kidney Dis. Author manuscript; available in PMC 2020 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Niu et al. Page 15

Characteristics All
(N= 271,722)

PD
(n = 17,487)

HD
(n = 254,235)

P-value

  Death before incident AF 97,704 (36.0) 5009 (28.6) 92,695 (36.5) <0.001

  Follow-up duration, y 1.3 (0.4, 3.0) 1.2 (0.6, 2.4) 1.3 (0.4, 3.0) <0.001

 During first 90 days <0.001

  Incident AF 21,709 (8.0) 769 (4.4) 20,940 (8.2) <0.001

  Death before incident AF 22,241 (8.2) 622 (3.6) 21,619 (8.5) <0.001

 From 91 days to 3 years

  Incident AF 47,996 (21.4) 3107 (19.4) 44,889 (21.6) 0.7

  Death before incident AF 75,463 (33.7) 4387 (27.4) 71,076 (34.1) <0.001

Values for continuous variables given as median [interquartile range]; categorical variables as percentage or count (percentage).

AF – atrial fibrillation; eGFR – estimated glomerular filtration rate (calculated using the _____ equation); ESRD – end-stage renal disease; HD – 
hemodialysis; PD – peritoneal dialysis.

Missing data included 30 (0.01%) for sex, 38 (0.01%) for race, 10,892 (4.0%) for body mass index, 68,247 (25.1%) for serum albumin, 21,781 
(8.0%) for hemoglobin, and 3,878 (1.4%) for estimated glomerular filtration rate.
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Table 2.

Association of the first modality and incident AF

Dialysis
Modality

Person-y No. of
incident
AF

Incidence rate of AF,
per 1000
person-y

Cause specific hazard model: HR (95 % CI)

Model 1 Model 2 Model 3

Incident AF during the first 90 days of dialysis

HD 56,281 20,940 372.0 1.00
(reference)

1.00 (reference) 1.00 (reference)

PD 4122 769 186.6 0.51 (0.48–0.55) 0.50 (0.47–0.54) 0.57 (0.53–0.62)

Incident AF from 91 days until 3 years from first dialysis

HD 323,883 44,889 138.6 1.00
(reference)

1.00 (reference) 1.00 (reference)

PD 21,393 3107 145.2 1.04 (1.00–1.08) 1.01 (0.97–1.04) 1.14 (1.10–1.19)

Model 1:unadjusted

Model 2:adjusting for age, sex, race/ethnicity

Model 3:adjusting for age, sex, race/ethnicity, cause of end-stage renal disease, current smoking, alcohol dependence, drug dependence, geographic 
region, inability to ambulate or transfer, count of pre-ESRD visits to nephrologist, Medicaid dual eligibility, body mass index, hemoglobin, 
albumin, estimated glomerular filtration rate at dialysis initiation, comorbidities (diabetes, hypertension, heart failure, cardiovascular disease, 
cerebral vascular disease, peripheral vascular disease, chronic obstructive pulmonary disease, cancer).

AF – atrial fibrillation; HD – hemodialysis; PD – peritoneal dialysis
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