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Abstract
Atrial fibrillation (AF) is common in end-stage renal disease (ESRD), but the relationship between
more modest decrements in kidney function or albuminuria with AF is uncertain. Among 956
outpatients with coronary heart disease (CHD), we assessed kidney function by 3 methods (cystatin
C-based [eGFRcys] and creatinine-based [eGFRCr] estimated glomerular filtration rate, and urinary
albumin-to-creatinine ratio [ACR]) and prevalent AF by surface electrocardiogram. Multivariable
logistic regression evaluated the associations of each measure of kidney function with AF. The mean
eGFRcys was 71 ± 23 ml/min/1.73m2 and median ACR was 10 mg/g (interquartile range 6 – 19 mg/
g). Forty subjects (4%) had prevalent AF. Compared to participants with eGFRcys in the highest
tertile (eGFRcys > 79), those with eGFRcys in the lowest tertile (eGFRcys < 62) had more than 3-fold
greater odds of AF (OR 3.43; 95% CI 1.18 – 9.97) after multivariate adjustment for traditional CVD
risk factors. This association remained significant with further adjustment for ACR (OR 3.37; 95%
1.02 – 11.14). Results were similar for eGFRCr, but did not reach statistical significance (OR 1.59;
95% CI 0.57 – 4.40). Participants with ACR in the highest tertile (ACR > 15 mg/g) had more than
4-fold greater odds of AF compared to participants in the lowest ACR tertile (ACR < 7 mg/g); an
association that remained significant after adjustment for eGFRcys (OR 4.36; 95% CI 1.45 – 13.05)
or eGFRCr (OR 4.61; 95% CI 1.56 – 13.66). In conclusion, among outpatients with CHD, lower
eGFRcys and higher ACR are each associated with prevalent AF, independent of one another.
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INTRODUCTION
In the present study, we evaluated the association of three measures of kidney function (cystatin
C-based [eGFRcys], creatinine-based [eGFRCr] estimated glomerular filtration rate, and
urinary albumin-to-creatinine ratio [ACR]) with prevalent AF among 956 outpatients with
stable coronary heart disease (CHD). We sought to determine whether these associations were
independent of potential confounders including left ventricular ejection fraction (EF),
hypertension, and inflammatory biomarkers. We hypothesized that each measure of kidney
function would be associated with AF and that these associations would remain significant
with adjustment for risk factors common to both conditions.

METHODS
The Heart and Soul Study is a prospective cohort study designed to examine the impact of
psychosocial factors on CHD progression. Methods have been described previously.1 Persons
with established CHD were recruited from outpatient clinics in the San Francisco Bay Area,
and were eligible if they had one or more of the following: (1) a history of coronary
revascularization, (2) angiographic evidence of ≥ 50% stenosis in one or more coronary vessels,
(3) previous evidence of exercise-induced ischemia by treadmill electrocardiogram (ECG) or
stress nuclear perfusion imaging, or (4) a history of non-ST-segment or ST-segment myocardial
infarction. Persons were excluded if they were planning to move from the local area within
three years, were unable to walk one block, had unstable angina, or had a myocardial infarction
in the preceding 6 months. Appropriate institutional review boards approved this protocol and
all participants provided written, informed consent.

Between September 2000 and December 2002, a total of 1024 participants provided medical
history, physical exam, a comprehensive health status questionnaire, resting transthoracic
echocardiograms, and surface 12-lead electrocardiograms at the baseline study visit. Of these,
38 were excluded for either missing creatinine (N=2) or cystatin C (N=36) measurements.
Participants with atrial flutter (N=2), paced atrial rhythms (N=3), or paced ventricular rhythms
(N=27) were also excluded to allow accurate determination of atrial rhythm on the surface
ECG. The remaining 956 participants constituted the study sample for the present analysis.

Concentrations of cystatin C were measured from fasting serum samples using a BNII
nephelometer (Dade Behring, Inc., Deerfield, Illinois) and a particle-enhanced
immunonephelometric assay (N Latex Cystatin C, Dade Behring Inc.).2 The detection limit of
the assay was 0.05 mg/L, the analytic sensitivity is 0.005 mg/L, and the inter- and intra-assay
coefficients of variation were < 3.6%. Estimated GFRcys was calculated using the equation
(eGFRcys = 76.7*cystatin C concentration−1.19) as has been described and validated previously.
3 Serum creatinine concentration was measured by the rate Jaffe method from venous samples
taken after an overnight (12-hour) fast. Estimated GFRCr was calculated by the 4-variable
Modification of Diet and Renal Disease Study.4 Urinary albumin and creatinine were measured
by nephelometry and the rate Jaffe method, respectively. Urinary albumin-to-creatinine ratio
(mg albumin/g creatinine) was calculated as described previously.5

Two cardiologists blinded to clinical data reviewed all electrocardiograms. AF was coded if
the R-R interval was irregular and no P-waves could be identified in any lead.6 If the 2 reviewers
agreed with AF classification, it was binding. If there was disagreement, the reviewers
conferred, and when necessary a 3rd cardiologist reviewed the ECG to obtain consensus.

Age, sex, and race/ethnicity were determined by questionnaire. Medical history was
determined by self-report. Study personnel measured weight and height and body mass index
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was calculated (kg/m2). Trained study personnel measured systolic and diastolic blood
pressures at rest using a calibrated sphygmomanometer. High sensitivity C-reactive protein
(CRP), total cholesterol, and high-density lipoprotein levels were measured from venous
samples (12-hour fasting) as has been previously reported.7 A complete resting 2-dimensional
echocardiogram, including all standard views, was used to determine left ventricular (LV)
ejection fraction (EF) and LV mass. Left ventricular mass was calculated using the truncated
ellipsoid method and EF was calculated using the biplane method of disks, as is recommended
by the American Society of Echocardiography.8 An experienced cardiologist blinded to clinical
data interpreted all echocardiograms.

Differences in baseline demographic and clinical characteristics between participants with and
without AF were compared using t tests, Wilcoxon tests, chi square tests, and Fisher’s Exact
test, as appropriate. Exploratory analysis evaluated the functional form of the association of
each kidney function measure with AF. In each case, there appeared to be a threshold effect at
approximately the highest third of the study cohort. Therefore, we elected to model our analyses
using tertile groups as the primary predictor variable, treating the tertile with the “best” kidney
function (highest eGFRcys or eGFRCr and lowest ACR) as the reference category.

Multivariable logistic regression was used to evaluate the association of each measure of kidney
function with AF. All variables listed in Table 1 were considered candidate confounders.
Variables were retained in the final model if their inclusion led to a change of > 5% in the β-
coefficient describing the association of eGFRcys and AF. To facilitate comparisons, identical
covariates were retained for models evaluating eGFRCr and ACR. For each continuous
variable, the functional form of the association was evaluated using lowess plots, after
transforming the dependent variable (AF) to logits. In these analyses, the form of association
of age with AF was curvilinear. We created a quadratic term for age (i.e. age2). When this
variable was included in multivariable models, both age and age2 approached statistical
significance (P= 0.06 and 0.10, respectively). Thus, both terms were retained in multivariable
models to improve model fit. The functional form of other continuous predictors closely
approximated linear relationships with AF. Analyses were performed using Stata statistical
software (9.2, College Station, TX).

RESULTS
The mean age of the 956 study participants was 67 years, 81% were male, and 60% were
Caucasian. The mean eGFRcys was 71 ± 23 ml/min/1.73m2, the mean eGFRCr was 76 ± 23
ml/min/1.73m2, and the median ACR was 10 mg/g (interquartile range 6 to 19 mg/g). One
hundred eighty-nine (20%) participants had stage 3 CKD, 11 (1%) had stage 4 CKD, and 8
(1%) participants had Stage 5 CKD, as defined by the National Kidney Foundation criterion.
None of the participants was receiving maintenance dialysis. Forty subjects (4%) had prevalent
AF. Compared to participants without AF, those with AF were older, had a lower EF, had lower
total cholesterol levels, and were more frequently Caucasian and male (Table 1).

Subjects with more advanced kidney disease by each kidney function measure had a higher
prevalence of AF (Figure 1). In each case, however, there appeared to be a threshold effect.
Compared to subjects with the most preserved kidney function (higher eGFR or lower ACR),
those in the middle tertile had a modestly higher prevalence of AF, and those with kidney
disease in the most advanced tertile had substantially greater prevalence of AF. This association
was minimally attenuated with adjustment for age, sex, and race, and remained significant in
the fully adjusted model, such that participants with eGFRcys in the lowest tertile had greater
than 3-fold odds of AF in the fully adjusted model (Table 2). When this model was further
adjusted for ACR, the association of eGFRcys with AF was essentially unaltered.
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Results were qualitatively similar for models evaluating eGFRCr, however these analyses did
not reach statistical significance. In each case, subjects with eGFRCr in the lowest tertile had
higher odds of AF, but the point estimates for these associations were weaker than for
eGFRcys and the differences did not reach statistical significance (Table 2).

Participants with ACR in the highest tertile (ACR > 15 mg/g) had approximately 4-fold greater
odds of AF compared to those in the lowest tertile in the unadjusted model as well as in the
age, sex, and race adjusted, and fully adjusted models. Further adjustment for eGFR, whether
by eGFRcys or eGFRCr, had little effect on this association (Table 2).

DISCUSSION
We found that lower estimated GFRcys and higher urinary ACR were strongly associated with
prevalent AF in outpatients with stable CHD. Although results were qualitatively similar with
eGFRCr, this association did not reach statistical significance. The associations of eGFR with
AF were independent of ACR, and vice versa. Among patients with end-stage renal disease
(ESRD), the prevalence of AF is 13–27%, or 10- to 20-fold higher than in the general
population.9-12 Iguchi and colleagues recently reported an association of CKD with AF in a
community-living Japanese cohort predominantly free of CHD; however, neither cystatin C
nor ACR data were presented in this manuscript.13 Our investigation confirms the findings of
this study, extends them to persons with prevalent CHD, and demonstrates a novel, independent
association of ACR with AF. If confirmed, and if future longitudinal studies demonstrate that
kidney dysfunction precedes onset of AF, albuminuria and moderate CKD may represent
previously unrecognized risk factors for AF that are highly prevalent in the general population.

Several possible mechanisms may account for these associations. First, lower GFR or greater
ACR might lead to AF. Subtle decrements in kidney function may activate the renin-
angiotensin-aldosterone system (RAAS). Up-regulation of the RAAS may lead to AF by
promoting salt and water retention and, in turn, atrial distension. RAAS activation is also
associated, independent of its hemodynamic effects, with pathological atrial structural and
electrophysiological remodeling that may create a pro-fibrillatory substrate.14 Either of these
mechanisms in isolation, or in concert, may account for these associations. Second, we have
previously demonstrated that kidney dysfunction is associated with lower heart rate recovery
after exercise testing, and heart rate recovery is an established marker of cardiovascular
autonomic function.15 Since autonomic signaling in the left atrium and pulmonary veins is
thought to be a key factor in the initiation and maintenance of AF, kidney dysfunction may
lead to AF through its association with altered autonomic tone.16 Third, our study was cross-
sectional, and therefore it is possible that AF may have led to kidney dysfunction. We believe
this possibility is less likely. Although AF may lead to decreased cardiac output and pre-renal
azotemia, this mechanism is unlikely to have led to albuminuria, which requires injury to the
glomerulus.

Finally kidney dysfunction may be a manifestation of cumulative exposure to cardiovascular
risk factors over the life course and shared risk factors may have mediated the observed
association between CKD and AF. Although we have adjusted for risk factors at one point in
time, differences over the life course may not have been captured. Future studies with
longitudinal measures of kidney function, atrial rhythm, markers of RAAS activation, and
volume status are required to evaluate these potential mechanisms. Such studies should be a
high priority. Mild to moderate kidney dysfunction and albuminuria are highly prevalent and
can be readily measured in most clinical settings. If kidney dysfunction precedes onset of AF,
measurement of kidney function may represent a relatively inexpensive and efficient way to
identify individuals at higher risk of AF.
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We observed that the association of eGFRcys with AF was stronger than that of eGFRCr. Recent
studies have suggested that eGFRcys may be a more accurate measure of kidney function than
creatinine-based measures among persons with normal to near-normal kidney function.9-12

Thus, the greater strength of association with eGFRcys might be the result of more accurate
measurement of kidney function. Point estimates for the association of the lowest tertile of
eGFRCr with AF were in the same direction, but did not reach statistical significance. Since
our study included only 40 subjects with prevalent AF, it remains possible that we had
insufficient power to detect an association between eGFRCr and AF, as has been reported
elsewhere.13

This study has several limitations. First, although the associations between kidney dysfunction
and AF were relatively strong and persisted with statistical adjustment for potential
confounders, the low number of subjects with prevalent AF provided limited precision, and
these findings should be confirmed elsewhere. Second, the study population consisted of
predominantly older men, and all had CHD. Future studies are required to determine if results
generalize to younger persons, women, and subjects without CHD. Last, AF was classified on
the basis of ECG at one point in time, so it is possible that subjects with paroxysmal AF were
missed. However, any missed paroxysmal AF would have biased our results toward the null
hypothesis.
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Figure 1.
AF, atrial fibrillation; eGFRcys, estimated glomerular filtration rate based on serum cystatin
C; eGFRcr, estimated glomerular filtration rate based on serum creatinine
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Table 1
Baseline Characteristics in Participants With or Without
Atrial Fibrillation

Atrial Fibrillation

Variable No
(n=916 [96%])

Yes
(n=40 [4%]) P-Value

Age (years) ± SD 66 ± 10 73 ± 9 < 0.001

Men 742 (81%) 37 (93%) 0.07

Caucasian 539 (59%) 35 (88%)

African-American 155 (17%) 0 0.01

Other 221 (24%) 5 (13%)

Hypertension 649 (71%) 23 (59%) 0.10

Myocardial Infarction 493 (54%) 19 (50%) 0.61

Coronary Revascularization 536 (59%) 23 (58%) 0.90

Heart Failure 153 (17%) 10 (26%) 0.15

Diabetes mellitus 248 (27%) 8 (21%) 0.41

Body mass index (kg/m2) ± SD 28 ± 5 30 ± 8 0.22

Ejection Fraction (%) ± SD 62 ± 9 59 ±9 0.06

Left Ventricular Mass Index (g/m2) ±
SD 97 ± 25 96 ± 25 0.78

C-reactive protein (mg/dL)** 2.1 [0.9, 4.9] 2.8 [1.8, 5.3] 0.11

Systolic blood pressure (mmHg) ±
SD 133 ± 21 129 ± 21 0.10

Diastolic blood pressure (mmHg) ±
SD 74 ± 11 74 ± 11 0.63

Total cholesterol (mg/dL) 179 ± 43 164 ± 42 0.03

High-density lipoprotein (mg/dL) 46 ± 14 43 ± 10 0.20

eGFRcys
** (ml/min/1.73m2) ± SD 72 ± 23 57± 20 < 0.01

eGFRCr
** (ml/min/1.73m2) ± SD 77 ± 23 66 ± 19 < 0.001

Albumin to Creatinine Ratio (mg/g)
*** 10 [6, 19] 16 [9, 46] < 0.01

*
p value for trend

**
eGFRCys = estimated glomerular filtration rate based on serum cystatin C; eGFRCr = estimated glomerular filtration rate

based on serum creatinine
***

Median [Interquartile Range]
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Table 2
Association of Kidney Function with Atrial Fibrillation
in Outpatients with Stable Coronary Heart Disease

Variable Tertile I
(Reference)

Tertile II
OR (95% CI)

Tertile III
OR (95% CI)

P-Value for
Trend

eGFRCys
*

Range (ml/min/1.73m2) > 79 62–79 < 62

 Unadjusted -- 1.59 (0.50–5.07) 6.43 (2.45–16.87) <0.001

 Age, sex, race
adjusted -- 1.11 (0.34–3.61) 3.72 (1.34–10.34) 0.01

 Fully adjusted** -- 1.00 (0.29–3.45) 3.43 (1.18–9.97) 0.02

 Fully adjusted +
ACR -- 1.21 (0.32–4.56) 3.37 (1.02–11.14) 0.05

eGFRCr
*

Range (ml/min/1.73m2) > 85 66–85 <66

 Unadjusted -- 1.26 (0.49–3.23) 2.89 (1.27–6.59) 0.01

 Age, sex, race
adjusted -- 0.83 (0.21–2.20) 1.60 (0.67–3.84) 0.28

 Fully adjusted** -- 0.85 (0.30–2.41) 1.69 (0.67–4.27) 0.27

 Fully adjusted +
ACR -- 1.00 (0.33–3.01) 1.59 (0.57–4.40) 0.37

Urinary ACR*

Range (mg/g) <7 7–15 >15

 Unadjusted -- 2.27 (0.78–6.63) 3.88 (1.42–10.61) 0.01

 Age, sex, race
adjusted -- 2.14 (0.72–6.34) 4.09 (1.46–11.5) 0.01

 Fully adjusted** -- 2.43 (0.79–7.42) 4.89 (1.67–14.32) 0.004

 Fully adjusted +
eGFRcys

-- 2.40 (0.78–7.41) 4.36 (1.45–13.05) 0.01

 Fully adjusted +
eGFRCr

-- 2.55 (0.83–7.83) 4.61 (1.56–13.66) 0.01

*
eGFRCys = estimated glomerular filtration rate based on serum cystatin C; eGFRCr = estimated glomerular filtration rate

based on serum creatinine; ACR = albumin to creatinine ratio
**

Adjusted for age, age2, sex, race (white/non-white), body mass index, systolic blood pressure, diastolic blood pressure,
history of hypertension, and left ventricular ejection fraction.
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