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ABSTRACT

CLINICAL EPIDEMIOLOGY

A half million Americans have ESRD, which puts them at high risk for cardiovascular disease and poor
outcomes. Little is known about the epidemiology of atrial fibrillation among patients with ESRD. We
analyzed data from annual cohorts (1992 to 2006) of prevalent hemodialysis patients from the United
States Renal Data System. In each cohort, we searched 1 year of medical claims for relevant diagnosis
codes to determine the prevalence of atrial fibrillation. Among 2.5 million patient observations, 7.7% had
atrial fibrillation, with the prevalence increasing 3-fold from 3.5% (1992) to 10.7% (2006). The number of
affected patients increased from 3620 to 23,893 (6.6-fold) during this period. Older age, male gender,
and several comorbid conditions were associated with increased risk for atrial fibrillation. Compared with
otherwise similar Caucasians, the prevalence of atrial fibrillation rates was substantially lower for blacks,
Asians, and Native Americans. One-year mortality was twice as high among hemodialysis patients with
atrial fibrillation compared with those without (39% versus 19%), and this increased risk was constant
during the 15 years of the study. In conclusion, the prevalence of diagnosed atrial fibrillation among
patients receiving hemodialysis in the United States is increasing, varies by race, and remains associated
with substantially increased mortality. Identifying potentially modifiable risk factors for incident atrial
fibrillation requires further investigation.
J Am Soc Nephrol 22: 349 –357, 2011. doi: 10.1681/ASN.2010050459

More than 530,000 patients receive treatment for
end-stage renal disease (ESRD) in the United States,
with ⬎370,000 undergoing chronic dialysis treatment.1 It appears, although it has not been directly
studied, that dialysis patients are particularly prone
to developing atrial fibrillation (AF). In an abstract
presented at the 2002 annual meeting of the American Society of Nephrology, Herzog et al. from the
United States Renal Data System (USRDS) Cardiovascular Special Studies Center showed that approximately 10% (127,318) of the 1,285,177 unique
patients in the national registry between 1977 and
2000 were hospitalized at least once with a diagnosis
code indicating AF.2 The 2005 USRDS annual data
report dedicated a brief section to AF in ESRD patients: Those with the rhythm disorder were preJ Am Soc Nephrol 22: 349–357, 2011

dominantly older and white.3 The prevalence of AF
was highest in the northern Midwest and the
Northeast and lowest in the South.3 Other smaller
studies found AF to be present in 7% to 27% of
prevalent dialysis patients, with substantial age differences among studies.4 –7
The USRDS annual data report called AF a “ne-
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glected cardiovascular problem in dialysis patients” and added
that although “AF is a common clinical problem in dialysis
patients, [yet] it has not generated the same degree of research
interest as issues relating to ischemic heart disease in ESRD
patients.”3 We propose to fill this void by studying the burden
of AF in patients undergoing hemodialysis in the United States.
We specifically sought to define (1) the prevalence of AF over
a period of 15 years, (2) the factors associated with AF, and
(3) mortality risk in ESRD patients with AF.

RESULTS
Study Patients

Using the USRDS registry from 1989 to 2006, we established
annual cross-sectional cohorts of all patients who underwent
maintenance hemodialysis by December 31 in the years 1992 to
2006 and whose primary payor was Medicare. The 1992 cohort
included 103,883 prevalent patients and the patient count
reached 223,477 in 2006, reflecting the dramatic increase in the
U.S. ESRD population. Overall, 2,483,199 observations were
recorded across all 15 years.
Detailed characterizations of selected annual cohorts, by
presence versus absence of AF (defined as presence of two diagnosis codes in the same year), are shown in Table 1 (data for
all years are available in Supplemental Appendix 1): On average, patients with AF were older by approximately 10 years
compared with patients without AF (e.g., 70.9 versus 61.3 years
in 2006). The proportion of Caucasian patients was much
larger among patients with AF and the other races were correspondingly under-represented compared with patients who
did not have this arrhythmia. The prevalence of all comorbidities increased over time and all comorbidities were more prevalent among patients with AF compared with those without it
(Table 1).
Temporal Trends in the Prevalence of AF

Next, we applied three different algorithms to identify patients
with permanent, persistent, or recurrent paroxysmal AF.8
These data are plotted in panel A of Figure 1. We observed a
dramatic increase over time in the prevalence of AF for all three
definitions. The highest overall prevalence was observed when
requiring three AF codes at any point in the past, whereas restricting this requirement to the same year resulted in the lowest prevalence. Using two codes in the same year resulted in an
estimate between the other two for most years. To avoid bias
across age groups from availability of Medicare claims before
the start of dialysis in older patients, we decided to base all
analyses on this last algorithm: two AF codes within the same
calendar year but on or after the date of the first dialysis treatment that were at least 14 days apart (191,968 observed outcomes).
Between 1992 and 2006, the prevalence of AF increased
more than 3-fold, from 3.5% to 10.7% (Figure 1A). Because of
the epidemic of ESRD in the United States, the increase in the
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absolute numbers of hemodialysis patients with AF was even
more dramatic, a 6.6-fold increase from 3620 patients in 1992
to 23,893 patients in 2006 (Table 1).
Although AF has become more prevalent among all age
groups, the absolute increase was highest in older age strata:
In 2006, the prevalence of AF was 13.2% in patients aged 65
to 75 years, 19.2% in those aged 75 to 85 years, and 22.5%
among those ⬎85 years of age (Figure 1B). The risk of AF
seems to have increased more rapidly in men compared with
women (Figure 1C). Similarly, Caucasians appear to have
experienced a disproportionate increase in AF risk compared with any of the other race groups (Figure 1D). It
appears that patients who had required renal replacement
therapy for ⬎3 years experienced a slower increase (Figure
1E), and patients with diabetes seemed to experience an
accelerated AF risk compared with patients without diabetes, at least in more recent years (Figure 1F).
Factors Associated with AF

In the 2006 prevalence cohort, older age, male gender, Caucasian race, and the presence of almost all measured comorbidities and frailty indicators were univariately associated with an
increased prevalence of AF (Table 2). Multivariate adjustment
revealed that several of these estimates were substantially confounded, but most characteristics remained significantly associated with AF. Using information from all years, fully adjusted
analyses revealed very similar findings. Age remained an important correlate of AF: Compared with similar patients aged
⬍45 years, AF prevalences were double for patients aged 45 to
⬍55 years (relative risk [RR]: 1.94; 95% confidence interval
[CI]: 1.87 to 2.02), triple for those aged 55 to ⬍65 years (RR:
2.95; 95% CI: 2.84 to 3.06), 4.5-fold for those 65 to ⬍75 years
(RR: 4.47; 95% CI: 4.32 to 4.64), and almost 6-fold higher for
patients in the 75- to ⬍85-year age group (RR: 5.80; 95% CI:
5.60 to 6.02; Figure 2). Maintenance hemodialysis patients
who were ⱖ85 years of age had an almost 7-fold higher prevalence of AF compared with otherwise similar patients ⬍45 of
age (RR: 6.67; 95% CI: 6.42 to 6.97).
Women had an 11% lower prevalence of AF than men.
Compared with Caucasians, African Americans had a 39%
lower prevalence of AF, whereas the prevalences were 18%
lower for Asians and almost half for Native Americans. Most
comorbid conditions had independent associations with prevalent AF, with heart failure being associated most strongly (RR:
2.46). Diabetes was the notable exception with no clinically
meaningful association. Dialysis vintage also played a minor
role, with an adjusted 2% increase in AF risk per year since
reaching ESRD.
Using the generalized linear model with all patients, we
found that the prevalence of AF increased by 4% each year in
fully adjusted analyses. In a demographic-adjusted model that
included calendar years as categorical variables, the prevalence
of AF increased 3-fold from 1992 to 2006 (RR: 3.14; 95% CI:
3.03 to 3.25); additional adjustment for the remaining variables (Medicaid beneficiary, dialysis vintage, comorbid condiJ Am Soc Nephrol 22: 349 –357, 2011
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2684 (74.1)
837 (23.1)
82 (2.3)
17 (0.5)
944 (26.1)
3.6 (⫾3.7)
923 (25.5)
1274 (35.2)
1423 (39.3)
1500 (41.4)
2286 (63.2)
2690 (74.3)
1599 (44.2)
700 (19.3)
1168 (32.3)
845 (23.3)
233 (6.4)
NA
NA

54,817 (54.7)
41,909 (41.8)
2186 (2.2)
1351 (1.4)
35,234 (35.1)
3.9 (⫾3.9)
19,972 (19.9)
36,099 (36.0)
44,192 (44.1)

40,499 (40.4)
47,890 (47.8)
37,612 (37.5)
20,922 (20.9)
9267 (9.2)
18,757 (18.7)
9919 (9.9)
4157 (4.2)
NA
NA

AF
3620 (3.5)
70.4 (⫾10.3)
1726 (47.7)
1894 (52.3)

1992

100,263 (96.5)
59.6 (⫾15.5)
48,740 (48.6)
51,523 (51.4)

No AF

1996

74,932 (56.7)
105,969 (80.1)
72,550 (54.9)
44,655 (33.8)
24,094 (18.2)
42,435 (32.1)
22,621 (17.1)
9110 (6.9)
1920 (1.5)
555 (0.4)

69,500 (52.5)
57,137 (43.2)
3606 (2.7)
2026 (1.5)
52,207 (39.5)
4.1 (⫾4.1)
23,970 (18.1)
46,581 (35.2)
61,718 (46.7)

132,269 (94.3)
60.2 (⫾15.4)
63,870 (48.3)
68,399 (51.7)

No AF

4732 (59.7)
7030 (88.7)
6706 (84.6)
4680 (59.1)
2484 (31.4)
3942 (49.8)
2635 (33.3)
862 (10.9)
176 (2.2)
68 (0.9)

5653 (71.4)
1995 (25.2)
219 (2.8)
56 (0.7)
2389 (30.2)
3.9 (⫾4.0)
1494 (18.9)
2885 (36.4)
3544 (44.7)

7923 (5.7)
70.5 (⫾10.9)
3771 (47.6)
4152 (52.4)

AF

100,578 (62.8)
146,530 (91.5)
93,690 (58.5)
63,493 (39.6)
35,064 (21.9)
58,062 (36.2)
33,063 (20.6)
13,163 (8.2)
3394 (2.1)
925 (0.6)

83,695 (52.2)
68,962 (43.1)
4911 (3.1)
2638 (1.7)
64,956 (40.6)
4.2 (⫾4.3)
28,636 (17.9)
53,104 (33.2)
78,466 (49.0)

AF

8983 (66.7)
12,734 (94.6)
11,559 (85.8)
8752 (65.0)
4658 (34.6)
7373 (54.8)
4884 (36.3)
1690 (12.6)
367 (2.7)
123 (0.9)

9822 (72.9)
3169 (23.5)
377 (2.8)
99 (0.7)
4116 (30.6)
4.0 (⫾4.0)
2420 (18.0)
4783 (35.5)
6264 (46.5)

13,467 (7.8)
70.8 (⫾11.4)
6101 (45.3)
7366 (54.7)

2000

160,206 (92.2)
60.9 (⫾15.3)
76,008 (47.4)
84,198 (52.6)

No AF

123,729 (67.3)
174,253 (94.8)
110,781 (60.0)
76,444 (41.6)
42,779 (23.3)
70,382 (38.3)
43,255 (23.5)
16,625 (9.0)
4052 (2.2)
1142 (0.6)

96,405 (52.4)
78,247 (42.6)
6227 (3.4)
3014 (1.6)
70,898 (38.6)
4.4 (⫾4.4)
31,049 (16.9)
59,293 (32.2)
93,551 (50.9)

AF

13,174 (71.6)
17,732 (96.3)
16,055 (87.2)
12,168 (66.1)
6593 (35.8)
10,267 (55.8)
7490 (40.7)
2621 (14.2)
637 (3.5)
204 (1.1)

13,425 (72.9)
4309 (23.4)
556 (3.0)
120 (0.7)
5552 (30.2)
4.0 (⫾4.3)
3652 (19.8)
6729 (36.6)
8029 (43.6)

18,410 (9.1)
71.1 (⫾11.5)
8042 (43.7)
10,368 (56.3)

2003

183,893 (90.9)
61.3 (⫾15.2)
85,809 (46.7)
98,084 (53.3)

No AF

142,638 (71.5)
193,016 (96.7)
124,014 (62.1)
83,203 (41.7)
48,775 (24.4)
80,989 (40.6)
52,410 (26.3)
19,547 (9.8)
5678 (2.8)
1935 (1.0)

104,595 (52.4)
84,358 (42.3)
7299 (3.7)
3332 (1.7)
65,782 (33.0)
4.5 (⫾4.6)
32,758 (16.4)
62,393 (31.3)
104,433 (52.3)

AF

18,087 (75.7)
23,449 (98.1)
20,959 (87.7)
15,251 (63.8)
8811 (36.9)
13,816 (57.8)
10,520 (44.0)
3621 (15.2)
1065 (4.5)
418 (1.8)

17,103 (71.6)
5859 (24.5)
741 (3.1)
190 (0.8)
6319 (26.5)
4.3 (⫾4.4)
4320 (18.1)
7933 (33.2)
11,640 (48.7)

23,893 (10.7)
70.9 (⫾11.8)
10,513 (44.0)
13,380 (56.0)

2006

199,584 (89.3)
61.3 (⫾15.0)
91,267 (45.7)
108,317 (54.3)

No AF

Data are presented as count (column percentage) or mean (⫾SD) unless indicated otherwise. Information on inability to ambulate and inability to transfer was not collected on the Medical Evidence Report
until the 1995 version of the form (HCFA-2728, later CMS-2728). Data on all years between 1992 and 2006 are presented in Appendix 1. COPD, chronic obstructive pulmonary disease; NA, not available.

Number (row percent)
Age
Female
Male
Race
Caucasian
African American
Asian American
Native American
Medicaid
Dialysis vintage
⬍1 year
1 to 3 years
⬎3 years
Comorbid conditions
diabetes
hypertension
heart failure
coronary artery disease
cerebrovascular disease
peripheral artery disease
COPD
cancer
inability to ambulate
inability to transfer

Characteristics

Table 1. Characteristics of patients undergoing maintenance hemodialysis on each December 31 from selected years between 1992 and 2006 by presence
versus absence of AF
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Figure 1. Trends in the prevalence of AF in U.S. patients receiving hemodialysis, 1992 to 2006. (A) Prevalence of AF among all
prevalent hemodialysis patients on December 31 of 15 consecutive years: comparison of three different algorithms to ascertain AF.
Prevalence of AF, defined by more than two diagnosis codes in the same calendar year, among prevalent hemodialysis patients on
December 31 of 15 consecutive years by (B) age group, (C) gender, (D) race, (E) dialysis vintage, and (F) diabetes.

tions) attenuated this finding, but a 70% (RR: 1.70; 95% CI:
1.64 to 1.75) increase in AF prevalence from 1992 to 2006 remained (Figure 3).
One-Year Mortality

In all study patients, 1-year mortality was 19.3% among patients without AF and 38.9% among those with prevalent AF,
with 1-year mortality rates for each annual cohort presented in
Figure 4. One-year mortality rates were more than double in
patients with AF compared with those without it (hazard ratio
[HR]: 2.32; 95% CI: 2.30 to 2.34) and 72% higher after adjustment for demographic information (age, gender, and raceadjusted HR: 1.72; 95% CI: 1.70 to 1.73). Multivariate adjust352
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ment for all other variables attenuated this estimate further
(HR: 1.45; 1.44 to 1.46). We tested for any changes in the demographic-adjusted HRs associated with AF over time, but the
interaction term between prevalent AF and calendar year did
not indicate that any temporal trends were present (P ⫽ 0.50).

DISCUSSION

In this most comprehensive study of the prevalence of AF in
the U.S. hemodialysis population to date, we described three
landmark findings. The overall prevalence of AF in this patient
population was high, exceeding 10% in 2006. Although the prevJ Am Soc Nephrol 22: 349 –357, 2011
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Table 2. Factors associated with prevalent AF in U.S. hemodialysis patients
2006 Univariate

Factors

2006 Multivariate

All Years Multivariate

Odds Ratio

95% CI

Odds Ratio

95% CI

Odds Ratio

95% CI

1.05
0.94

1.04 to 1.05
0.92 to 0.96

1.03
0.89

1.03 to 1.04
0.87 to 0.91

1.04
0.89

1.04 to 1.04
0.88 to 0.90

0.46
0.66
0.38
0.75
0.99

0.45 to 0.48
0.61 to 0.70
0.33 to 0.44
0.73 to 0.78
0.98 to 0.99

0.62
0.80
0.55
0.91
1.01

0.60 to 0.64
0.75 to 0.86
0.48 to 0.63
0.89 to 0.94
1.00 to 1.01

0.61
0.82
0.53
0.93
1.02

0.60 to 0.61
0.79 to 0.85
0.50 to 0.57
0.92 to 0.94
1.01 to 1.02

1.55
3.51
5.93
3.07
2.24
2.64
2.82
1.91
0.75
1.67
NA

1.51 to 1.60
3.21 to 3.84
5.71 to 6.16
2.99 to 3.17
2.18 to 2.30
2.57 to 2.71
2.74 to 2.89
1.84 to 1.99
0.73 to 0.78
1.53 to 1.83

0.95
1.12
2.63
1.27
1.18
1.14
1.39
1.17
1.10
1.18
NA

0.93 to 0.98
1.03 to 1.22
2.53 to 2.74
1.24 to 1.30
1.16 to 1.21
1.11 to 1.16
1.35 to 1.42
1.13 to 1.20
1.03 to 1.18
1.07 to 1.31

0.98
1.22
2.46
1.40
1.21
1.17
1.36
1.15
NA
NA
1.04

0.97 to 0.99
1.19 to 1.24
2.42 to 2.50
1.38 to 1.41
1.20 to 1.23
1.16 to 1.19
1.38 to 1.38
1.14 to 1.17

Age (per year)
Female (versus male)
Race (versus Caucasian)
African American
Asian American
Native American
Medicaid (versus no Medicaid beneficiary)
Years since first ESRD treatment
Comorbidities (versus absence of comorbidity)
diabetes
hypertension
heart failure
coronary artery disease
cerebrovascular disease
peripheral artery disease
COPD
cancer (excluding nonmelanoma skin cancer)
unable to ambulate
unable to transfer
Calendar year

1.04 to 1.04

Multiyear analyses did not include variables on inability to transfer or inability to ambulate because these variables were not collected until the 1995 version of
the Medical Evidence Report.

alence of diagnosed AF has tripled in the past 15 years, the number
of affected patients has increased almost 7-fold. Finally, prevalent
AF is associated with considerable excess mortality, which has
remained quantitatively unchanged over time. Given the everincreasing number of patients with ESRD in the United States and
elsewhere, greater attention should be paid to identifying potentially modifiable risk factors for AF that may be specific to patients
undergoing maintenance hemodialysis.
Our findings should be considered in the context of a study
by Lakshminaryan et al., who used the 5% Medicare sample
and a similar methodology to ours in defining annual prevalences of AF in the general Medicare population.9 As such, we
can compare their findings with ours among ESRD patients

⬎65 years of age. In 2002, the prevalence rates of AF in general
Medicare beneficiaries aged 65 to ⬍75, 75 to ⬍85, and ⱖ85
years were approximately 3.5%, 8%, and 11.5%, respectively,
whereas the corresponding rates in our ESRD patients were
9.3%, 13.9%, and 17%. For comparison, among members of
Kaiser Permanente of Northern California who were hospitalized for heart failure in 1999 to 2000, 36.9% were found
to have AF.10
Few published studies have focused on AF in dialysis patients. A study from a single center in Spain reported a 13.6%
prevalence of AF among their 190 patients who had been receiving dialysis for at least 3 months in 1998: 9.4% had permanent AF and 4.2% had intermittent AF.6 At the same center, of

10

Adjusted for age, gender, race

9
8

6.67

7
5.8

6

4

3.00
2.50
2.00

4.47

5

1.50

2.95

3

1.00
1.94
0.50

1 (referent)

1

0.00

0
<45

45 to <55

55 to <65

65 to <75

75 to <85

85+

Figure 2. Adjusted relative prevalences of AF by age group.
Patients aged ⬍45 years constituted the reference group. Values
adjusted for age categories, gender, race, dialysis vintage, Medicaid eligibility, and all available indicators of comorbid conditions.
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19
92
19
93
19
94
19
95
19
96
19
97
19
98
19
99
20
00
20
01
20
02
20
03
20
04
20
05
20
06

2

Fully-adjusted

3.50

Figure 3. Adjusted relative prevalences of AF by calendar year.
Patients in the 1992 prevalence cohort constituted the reference
group. Fully adjusted model included age, gender, race, dialysis
vintage, Medicaid eligibility, and all available indicators of comorbid conditions.
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AF Absent

AF Present

19
93
19
94
19
95
19
96
19
97
19
98
19
99
20
00
20
01
20
02
20
03
20
04
20
05

19
92

45%
40%
35%
30%
25%
20%
15%
10%
5%
0%

Figure 4. Crude 1-year mortality in U.S. patients receiving hemodialysis, 1992 to 2005, by absence versus presence of AF. No
censoring was applied for receipt of a kidney transplant or for
switching to peritoneal dialysis. No data were available for the
2006 cohort because of incomplete follow-up for the year 2007.

225 incident patients without AF, 28 patients developed it over
2 years of follow-up. Age, female gender, and left atrial dimension were associated with incident AF.11 An Italian study of 316
patients receiving maintenance hemodialysis in 1996 reported
a 23.4% prevalence of persistent AF (present in at least two
electrocardiograms).5 Another single-center study from Italy
found a prevalence of 27% among 488 chronic dialysis patients: The arrhythmia was permanent in 13.9%, persistent in
9.6%, and paroxysmal in 3.5% of patients.7 All of these studies
reported higher prevalence estimates of AF compared with our
population. Although their method of assessment using medical records and electrocardiography is likely accurate, our
method of ascertainment has lower sensitivity but excellent
specificity. This supports the possibility that our estimates for
the prevalence of AF among hemodialysis patients in the
United States are conservative and that the true prevalence
could be even higher. Similar to the general population,8 age
was an important correlate of the presence of AF, but with
rather striking increases in the risk across age strata. Men seem
to have a slightly higher risk compared with women, a difference that has only appeared in recent years. We were unable to
propose a plausible explanation for this discrepancy. One of
the more striking results of our study is the difference in AF
prevalences among races: Compared with Caucasians, Asians
(⫺18%), African Americans (⫺39%), and Native Americans
(⫺47%) have drastically lower risks of AF, even after adjustment for imbalances in other characteristics. Our findings of a
substantially lower relative prevalence of AF among African
Americans compared with Caucasians are consistent with
studies of middle-aged adults,12 older adults,13 patients hospitalized with heart failure,10 patients admitted to emergency
departments,14 and patients discharged from hospitals.15 Interestingly, the findings of these studies are not just qualitatively consistent but are remarkably similar in the magnitude
of the RRs observed. For example, in patients with heart failure, African Americans had half of the AF prevalence of Caucasians. This finding was robust, even after adjustment for
354
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many demographic and clinical characteristics that were available in unusually great detail.10
It is well described that African Americans undergoing
maintenance hemodialysis experience a unique mortality advantage over Caucasians, even after adjustment for many patient characteristics, and a similar association also exists for
South or Southeast Asians.16 –20 Studies have shown that African Americans start ESRD treatment with less cardiovascular
disease compared with Caucasians, which might explain some
of the association between race and AF.17,21,22 The risk of death
increased more quickly by degree of kidney function (i.e., by
estimated GFR) in Caucasians than in African Americans,23
suggesting that African Americans may be more resistant to the
fluid expansion due to heart failure and advanced kidney disease.
Most comorbid conditions prevalent in the study population were associated with the presence of AF. These findings
are not surprising given that arteriosclerotic disease predisposes to various manifestations including ischemic heart disease and, subsequently, heart failure. The strongest association
was found with heart failure. Clearly, heart failure can lead to
AF and, conversely, AF can manifest or aggravate existing heart
failure. Our finding that diabetes was inversely (although
weakly) associated with AF in multivariate analyses was surprising because fasting glucose is an established and important
risk factor for atherosclerotic disease and has also been shown
to be a risk factor of incident AF.13 However, it is possible that
patients with AF and coexisting diabetes experience disproportionately high mortality, which then removes these patients
from the cohort and yields this counterintuitive inverse or lack
of association (competing risks). A similar argument can be
constructed for the lack of a stronger association between dialysis vintage and AF. It is well known that dialysis patients
have a high risk of vascular and valvular calcification, which
should put them at increasing risk of valvular or nonvalvular
AF.24 Again, it is possible that these patients are at a high mortality risk and may be removed from the risk set in an accelerated fashion.
Similar to patients with AF in the general population,8 hemodialysis patients with AF had higher 1-year mortality compared with those without AF. In the general population, anticoagulation is recommended for all patients with nontransient
AF (including recurrent paroxysmal or persistent AF) who
have features indicating increased risk of stroke.8 Unfortunately, the relationship between benefit and risk of oral anticoagulation in patients undergoing hemodialysis is unknown
because these patients have substantially increased risks of
ischemic stroke and bleeding events, including hemorrhagic
stroke.25 A recent study from a large U.S. dialysis provider indicated that warfarin use among incident hemodialysis patients with pre-existing AF was associated with increased risk
of incident stroke, whereas acetylsalicylic acid or clopidogrel
were not associated with such risk.26 Clearly, the risk-benefit
relationship of anticoagulation in hemodialysis patients with
AF will need to be assessed in randomized trials. Even if antiJ Am Soc Nephrol 22: 349 –357, 2011
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coagulation were to be found to be net beneficial and costeffective, its priority among the multiple treatments necessary
for the several comorbid conditions usually affecting the dialysis population would also need to be defined. The prevailing
clinical uncertainty of whether anticoagulation should be used
in hemodialysis patients with AF is reflected in a representative
survey of hemodialysis practice patterns in 12 countries. Substantial variability of warfarin use in patients with prevalent AF
existed, with treatment rates ranging from 2% (Germany) to
37% (Canada) and 26% of U.S. hemodialysis patients with AF
receiving such oral anticoagulation.27
The study presented here has several limitations. Its reliance
on medical claims does not permit direct ascertainment of AF
from electrocardiograms or medical records. It is also unclear
whether the increasing prevalence of AF over time is partly a
consequence of more aggressive coding practices in more recent years. Although this might be the case, other studies that
did not rely on medical claims and were therefore not susceptible to possible ascertainment bias found temporal trends toward increasing prevalence of AF over time.28,29 We may also
have underestimated the true prevalence of AF because we applied a relatively rigorous algorithm that required at least two
AF diagnosis codes during each calendar year. Finally, although it is longitudinal, the study presented here assessed
prevalence of AF using cross-sectional cohorts over multiple
years to understand the burden of AF in this population.
We conclude from this first comprehensive study of the
subject that AF is highly prevalent in U.S. hemodialysis patients, especially in older patients. Having AF is associated
with increased morbidity and higher mortality, independent of measurable characteristics. In addition, the excess
risk of death associated with prevalent AF has not declined
in 15 years. It is clear that research is sorely needed to understand potentially modifiable risk factors of AF in this
vulnerable population.

CONCISE METHODS
Data Sources and Study Population
We used data from the USRDS spanning the years 1989 to mid-2007
for this study.30
We generated annual cross-sectional populations of all patients
undergoing maintenance hemodialysis as of December 31 of each year
from 1992 to 2006. Analyses were restricted to patients whose primary
payor was Medicare on each index date.

Measurements
In general, only claims dated on or after the first date of ESRD
treatment were used for the ascertainment of any outcome or covariate. This was applied to avoid any bias across age groups because patients achieve eligibility for Medicare when they reach 65
years of age; thus, older patients may have Medicare claims in the
USRDS that predate their first dialysis treatment.
J Am Soc Nephrol 22: 349 –357, 2011
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Outcomes
We considered three different algorithms to identify AF. A single International Classification of Diseases, Ninth Revision (ICD-9) code
indicating AF as a primary or secondary diagnosis (ICD-9: 427.3#,
where # can be any number or missing) has been used successfully to
identify Medicare patients for the National Registry of Atrial Fibrillation31 and in several other claims-based research studies of AF.32–34
Such ICD codes have a specificity of 99% and a positive predictive
value of 97% for the diagnosis of AF.35,36 Because it was our intention
to identify patients with permanent, persistent, or recurrent paroxysmal AF,8 the three algorithms we developed were more stringent:
three claims indicating AF during any time in the past, two claims in
the same calendar year, and three claims in the same calendar year.
The latter two algorithms require each patient to requalify for AF in
each annual cohort, whereas the first algorithm implicitly does not
have that requirement. For all algorithms, claims with qualifying AF
codes each had to be at least 14 days apart to clearly reflect distinct
occurrences.
For each annual cohort, we also tracked their date of death and
assessed 1-year all-cause mortality from December 31 of the respective year to December 30 of the following year in patients with and
without AF. Date of death is available in the USRDS database.30

Variables
For each patient, we defined several potential predictors and correlates of prevalent AF, including gender and race (Caucasian, African
American, Asian American, Native American). We also assessed age,
Medicaid coverage as a crude indicator of socioeconomic status, and
dialysis vintage (i.e., time since first ESRD treatment) on December 31
of the respective annual cohort. We also ascertained many comorbid
conditions using validated algorithms where available, including diabetes mellitus, hypertension, heart failure, coronary artery disease,
cerebrovascular disease, peripheral artery disease, chronic obstructive
pulmonary disease, and cancer (excluding nonmelanoma skin cancer). These were considered to be present if any two outpatient or one
inpatient claims included a corresponding diagnosis code or if the specific condition was recorded on the patient’s Medical Evidence Report.
Certain procedure codes also qualified for presence of some conditions
(e.g., a patient was considered to have had coronary artery disease if
they had undergone coronary artery bypass surgery before the respective index date). We also used two frailty indicators from the Medical
Evidence Report that were available starting with the 1995 version of
the form—inability to transfer and inability to ambulate.

Statistical Analysis
We first depicted the annual prevalence of AF from 1992 to 2006 using
the three different algorithms detailed above. For each annual cohort,
we tabulated all characteristics by presence of AF, with continuous
variables being described by their means and SD and categorical variables using counts and percentages.
To assess what factors are associated with prevalent AF, we first
used the most recent cohort from the calendar year of 2006 and conducted univariate and fully adjusted modified Poisson regression,
which permits direct estimation of risk ratios even for frequent (nonrare) outcomes.37 Next, we used all study observations (1992 to 2006)
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to assess whether there was a time trend in the prevalence of AF after
adjusting for multiple factors. Inability to ambulate and inability to
transfer were not included as covariates in these models because this
information was not available for all years. Because adjustment for
repeated measures did not change any of the estimated 95% confidence limits (identical to the second decimal digit), the risk ratios and
95% CI reported are derived from models that assumed interpatient
independence among all observations.
Finally, we estimated the crude, demographic-adjusted, and fully
adjusted HR of 1-year mortality among patients with versus without
AF. Because available data covered only a fraction of 2007, the 2006
cohort was excluded. No censoring for modality switches or receipt of
a kidney transplant was applied. A test for interaction between year
and AF was conducted in a demographic-adjusted model to determine whether the relative mortality risk from AF changed over time.
The study was approved by institutional review boards at Brigham
and Women’s Hospital and Stanford University School of Medicine
and active Data Use Agreements with the National Institutes of Diabetes and Digestive and Kidney Diseases (NIDDK) were in place. This
paper was reviewed and approved for privacy content by the NIDDK.
The SAS for Windows (version 9.2) statistical software was used for all
analyses (www.sas.com).
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