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The association between sleep apnea and atrial fibrillation (AF) has not been examined in a multiethnic adult

population in prospective community-based studies. We prospectively (2000–2011) investigated the associations

of physician-diagnosed sleep apnea (PDSA), which is considered more severe sleep apnea, and self-reported ha-

bitual snoring without PDSA (HS), a surrogate for mild sleep apnea, with incident AF in white, black, and Hispanic

participants in the Multi-Ethnic Study of Atherosclerosis (MESA) who were free of clinical cardiovascular disease at

baseline (2000–2002). Cox proportional hazards models were used to assess the associations, with adjustment for

socioeconomic status, traditional vascular disease risk factors, race/ethnicity, body mass index, diabetes, chronic

kidney disease, alcohol intake, and lipid-lowering therapy. Out of 4,395 respondents to a sleep questionnaire

administered in MESA, 181 reported PDSA, 1,086 reported HS, and 3,128 reported neither HS nor PDSA (un-

affected). Over an average 8.5-year follow-up period, 212 AF events were identified. As compared with unaffected

participants, PDSA was associated with incident AF in the multivariable analysis, but HS was not (PDSA: hazard

ratio = 1.76, 95% confidence interval: 1.03, 3.02; HS: hazard ratio = 1.02, 95% confidence interval: 0.72, 1.44).

PDSA, a marker of more severe sleep apnea, was associated with higher risk of incident AF in this analysis of

MESA data.

atrial fibrillation; longitudinal studies; sleep apnea; snoring

Abbreviations: AF, atrial fibrillation; CHD, coronary heart disease; CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio;

HS, habitual snoring [without PDSA]; LAE, left atrial enlargement; MESA, Multi-Ethnic Study of Atherosclerosis; MRI, magnetic

resonance imaging; OSA, obstructive sleep apnea; PDSA, physician-diagnosed sleep apnea.

Atrial fibrillation (AF) is prevalent in the elderly popula-
tion (1), and the occurrence of AF is related to many comor-
bid clinical conditions such as cigarette smoking, excessive
alcohol consumption, hypertension, diabetes mellitus, obe-
sity, chronic kidney disease, structural heart disease, heart
failure (HF), coronary heart disease (CHD), inflammation, and
sleep apnea (2–7).

Most of the current evidence for the association between
sleep apnea and AF comes from patients with multiple co-
morbidities and established cardiovascular disease (CVD) in
cross-sectional, retrospective, or hospital-based studies (8–
12). Central sleep apnea is the most common sleep apnea

subtype in persons with HF, and it is reported to be associated
with an increased risk of AF, especially in elderly popula-
tions (13, 14). Across the population, obstructive sleep apnea
(OSA) is the major form of sleep apnea, affecting about 15
million US adults (15). A previous observational study found
that half of patients with OSA and AF had recurrent AF after
electrical cardioversion (7). In addition, treatment of OSA
reduces recurrent AF after pulmonary vein isolation (12). In
a clinic-based study, some risk factors for incident AF were
identified retrospectively in patients with OSA, such as obe-
sity and nocturnal oxygen desaturation, in addition to CHD
and HF (11).
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To the best of our knowledge, there have been no prospec-
tive longitudinal community-based studies to date that have
compared the incidence of AF in persons with and without
sleep apnea and none which have had the ability to evaluate
confounding by an extensive array of CVD risk factors and car-
diovascular function. Furthermore, given the known racial/
ethnic differences in AF burden (16), it is unclear whether
sleep apnea may have similar associations with incident AF
in diverse racial/ethnic groups. To further address the longitu-
dinal associations between sleep apnea and incident AF in
community-based samples, we prospectively assessed the asso-
ciations of physician-diagnosed sleep apnea (PDSA), which is
considered a marker of more severe sleep apnea, and self-
reported habitual snoring without PDSA (HS), a surrogate
for mild sleep apnea, with incident AF in a multiethnic adult
population (17, 18).
In addition, we explicitly compared models using PDSA

and HS to explore the consistency of the associations across
racial/ethnic groups. Given prior research, we also explored
differences by age and sex as well as by obesity.

METHODS

Study population and data collection

We used data from the Multi-Ethnic Study of Athero-
sclerosis (MESA), a longitudinal cohort study designed to
investigate the prevalence, correlates, and progression of sub-
clinical CVD in persons without clinical CVD at baseline.
The study design forMESA has been described in detail else-
where (17). The cohort includes 6,814 women and men aged
45–84 years recruited from 6 US communities (Baltimore,
Maryland; Chicago, Illinois; Forsyth County, North Caro-
lina; Los Angeles County, California; northern Manhattan,
New York City; and St. Paul-Minneapolis, Minnesota). At
baseline, the participants were 38% white, 28% black, 22%
Hispanic, and 12% Chinese. This study was approved by
the institutional review board at each study site, and written
informed consent was obtained from all participants.
Demographic, medical history, anthropometric, and labora-

tory data for the present analysis were obtained from the first
examination of the MESA cohort (July 2000–August 2002).
Body mass index was calculated as weight (kg)/height (m)2.
Smoking status was defined as current, former, or never smok-
ing. Alcohol consumption was classified into current and non-
current (never and former) drinking. Blood pressure was
ascertained as the mean of the last 2 of 3 seated measurements.
Diabetes mellitus was defined as fasting glucose concentration
≥126 mg/dL or the use of hypoglycemic medication. Chronic
kidney disease was defined as an estimated glomerular filtra-
tion rate less than 60 mL/minute/1.73 m2 based on the Chronic
Kidney Disease Epidemiology Collaboration equation (19).
Total cholesterol and high-density lipoprotein cholesterol
were measured from blood samples obtained after a 12-hour
fast. Medication use was assessed by reviewing participants’
medication containers. Serum levels of interleukin-6 were
measured as a marker of systemic inflammation. Levels of
interleukin-6 were determined by ultrasensitive enzyme-linked
immunosorbent assay (Quantikine HS Human Interleukin-6
Immunoassay; R&D Systems, Minneapolis, Minnesota).

Participants were evaluated at baseline with 12-lead elec-
trocardiography and magnetic resonance imaging (MRI).
Novacode 6.1 was used to define left ventricular hypertrophy,
Novacode 7.1 for left atrial enlargement (LAE), Novacode
8.1 for right ventricular hypertrophy, and Novacode 9.1 for
right atrial enlargement on 12-lead electrocardiography
(20). In addition, left and right ventricular mass were mea-
sured in participants who agreed to undergo cardiac MRI at
study entry. The MRI protocol and analysis methods have
been previously described (21).

Collection of data on PDSA and self-reported snoring

During the second MESA examination (September 2002–
February 2004), a self-administered sleep history questionnaire
was completed by participants. Among the questions included
were 1) “Have you ever snored (now or at any time in the
past)?” and (if yes) “How frequently and loudly do you
snore?”; and 2) “Have you ever been told by a doctor that
you had sleep apnea (a condition in which breathing stops
briefly during sleep)?” Participants were providedwith 3 poten-
tial responses to each question: “yes,” “no,” and “don’t know.”
Participants with HS were defined as those who did not report
PDSA and reported snoring at least 3–5 days/week. Partici-
pants who did not report sleep apnea or habitual snoring
were classified as “unaffected.” Among the 6,814 MESA par-
ticipants, 594 did not participate in the sleep history study, and
882 responded “don’t know” to either the sleep apnea question
or the snoring questions and were excluded from this analysis,
yielding a sample size of 5,338 (17). Of this sample, there were
only 9 Chinese participants with PDSA (18). Therefore, the
Chinese participants were excluded (n = 630). Non-Chinese
participants found by the Centers for Medicare and Medicaid
Services (through events ascertainment) to have AF prior to
entry intoMESA or evidence of AF at baseline electrocardiog-
raphy (n = 36) and those with missing data on covariates (n =
277) were also excluded, resulting in 4,395 participants in the
following analysis. Figure 1 shows the process used for selec-
tion of the eligible MESA sleep cohort.

Ascertainment of incident AF events

Current self-reported AF was an exclusion criterion for re-
cruitment in MESA, and participants underwent electrocardi-
ography at baseline. Incident AF was identified from hospital
discharge diagnosis codes for AF or atrial flutter (International
Classification of Diseases, Ninth Revision, diagnosis codes
427.31 and 427.32) as ascertained by the MESA events detec-
tion protocol or from inpatient Medicare claims data. A valida-
tion substudy reviewing a random sample of 45 of 185 MESA
participants with hospital discharge diagnosis codes for AF
showed that AF was confirmed in 93% of the hospitalizations,
implying a high positive predictive value for the diagnosis (22).

Statistical analysis

Demographic characteristics of participants in each of the 3
groups—PDSA, HS, and unaffected (neither sleep apnea nor
snoring)—were compared using either analysis of variance or
χ2 analysis. Results are reported as mean values with standard
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deviations for continuous variables and percentages for cate-
gorical variables.

Since PDSA and HS referred to conditions or symptoms
that preceded MESA examination 2, follow-up started at
MESA examination 1 and continued until the first occurrence
of incident AF, death, loss to follow-up, or the end of follow-up
(December 31, 2011). Kaplan-Meier analysis was used to as-
sess the associations between the 3 groups and incident AF.
Cox proportional hazards regression analyses were used to as-
sess the multivariable association of each group with incident
AF, adjusting for potential confounders.

In model 1, covariates included age, sex, race/ethnicity,
study site, health insurance status, educational attainment,
body mass index, diabetes, systolic blood pressure, total cho-
lesterol, high-density lipoprotein cholesterol, chronic kidney
disease, smoking status, alcohol intake status, and use of an-
tihypertensive and lipid-lowering agents, which we defined
as conventional risk factors. In model 2, covariates included
log interleukin-6 and conventional risk factors. In model 3,
covariates included electrocardiographic LAE and the model
2 covariates. In model 4, covariates included interim HF or
CHD, which was defined as myocardial infarction or definite
or probable angina pectoris (if followed by coronary artery
bypass grafting or percutaneous coronary intervention) (17),

and the covariates in model 3. These potential confounders or
mediators were chosen on the basis of prior published asso-
ciations with AF or sleep disorders.

We conducted another stepwisemultivariable analysis in par-
ticipants who had available data onMRI-measured left and right
ventricular mass, as a sensitivity analysis for the overall cohort.
Stratified analyses exploring the association between PDSA and
AF within racial/ethnic, age, sex, and body mass index groups,
as well as formal testing for multiplicative interactions, were
performed. In addition, mediation analyses were conducted to
evaluate the potential mediating effects of log interleukin-6
and electrocardiographic LAE on the associations in the overall
cohort (23). A 2-tailed P value less than 0.05 was considered
significant. All statistical analyses were performed using SAS,
version 9.4 (SAS Institute, Inc., Cary, North Carolina).

RESULTS

In the overall cohort, 181 participants (4.1%) reported
PDSA, 1,086 (24.7%) reported HS, and 3,128 (71.2%) re-
ported neither PDSA nor HS. As compared with unaffected
participants and those with HS, participants with PDSAwere
more obese, were more likely to be male, and had higher pro-
portions of chronic kidney disease and use of medication for

Total MESA Cohort
(n = 6,814)

MESA Sleep Cohort
(n = 5,338)

Eligible for Inclusion in
MESA Sleep Cohort

(n = 4,395)

Participants Excluded:
  Chinese population (n = 630)
  Evidence of atrial fibrillation
    at baseline (n = 36)
  Missing covariates (n = 277)

Participants With
Physician-Diagnosed

Sleep Apnea
(n = 181)

Unaffected Participants
(n = 3,128)

Participants With Self-
Reported Habitual Snoring

(n = 1,086)

Participants Excluded:
  No sleep history (n = 594)
  Reported “don’t know” to
    the questions on snoring
    or sleep apneain MESA
    examination 2 (n = 882)

Figure 1. Selection of the overall cohort for the sleep study, Multi-Ethnic Study of Atherosclerosis (MESA), 2000–2011.
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hypertension and dyslipidemia. In addition, thosewith PDSA
had higher levels of interleukin-6, higher proportions of elec-
trocardiographic left ventricular hypertrophy and LAE, and
greater left and right ventricular mass as measured by cardiac
MRI at baseline (Table 1).
Over an average follow-up period of 8.5 years, 212 AF

events were identified in the overall cohort, including 151 in
unaffected participants, 45 in participants with HS, and 16 in
participants with PDSA. The observation periodswere 25,102,
8,778, and 1,405 person-years for unaffected participants, par-
ticipants with HS, and participants with PDSA, respectively.
Figure 2 displays results of the Kaplan-Meier analysis, show-
ing that participants with PDSA had a lower event-free sur-
vival rate (without incident AF events) than either unaffected

participants or participants with HS (log-rank P = 0.02). AF
event rates were 6.02, 5.13, and 11.39 per 1,000 person-years
for unaffected participants, participants with HS, and partici-
pants with PDSA, respectively. There were no significant dif-
ferences between the event-free survival rates of participants
with HS and unaffected participants in MESA (log-rank
P = 0.53).

Comparison of the risks of incident AF between

participants with HS and unaffected participants in the

overall cohort

As shown in Table 2, participants with HS did not have a
significantly higher risk of incident AF as compared with

Table 1. Demographic Characteristics of ParticipantsWith Physician-Diagnosed Sleep Apnea, ParticipantsWith Self-Reported Habitual Snoring,

and Unaffected Participants in the Multi-Ethnic Study of Atherosclerosis, 2000–2011

Variable
Sleep Apnea (n = 181) Habitual Snoring (n = 1,086) Unaffected (n = 3,128)

P Value
No. % Mean (SD) No. % Mean (SD) No. % Mean (SD)

Age, years 59.9 (9.4) 59.3 (9.3) 62.1 (10.2) <0.0001

Female sex 61 33.7 454 41.8 1,712 54.7 <0.0001

Race/ethnicity

White 87 48.1 435 40.1 1,471 47.0 <0.0001

Black 61 33.7 282 26.0 948 30.3

Hispanic 33 18.2 369 34.0 709 22.7

Body mass indexa 32.4 (6.3) 30.3 (5.5) 28.4 (5.0) <0.0001

Diabetes mellitus 22 12.2 144 13.3 339 10.8 0.09

Systolic blood pressure, mm Hg 126 (19) 126 (21) 126 (21) 0.96

Diastolic blood pressure, mm Hg 73 (10) 73 (10) 71 (10) <0.0001

Total cholesterol, mg/dL 186.6 (31.5) 195.5 (35.7) 194.4 (35.9) 0.0082

HDL cholesterol, mg/dL 47.4 (12.5) 48.3 (12.9) 51.9 (15.3) <0.0001

Triglycerides, mg/dL 132.0 (75.1) 140.1 (93.9) 126.0 (80.0) <0.0001

Chronic renal disease 18 9.9 75 6.9 292 9.3 0.043

Cigarette smoking status

Never smoker 71 39.2 462 42.5 1,511 48.3 0.001

Former smoker 77 42.5 459 42.3 1,233 39.4

Current smoker 33 18.2 165 15.2 384 12.3

Current alcohol drinking 65.2 61.8 60.3 0.33

Use of antihypertensive agents 91 50.3 385 35.5 1,124 35.9 0.0004

Use of lipid-lowering agents 43 23.8 166 15.3 502 16.1 0.015

Interleukin-6, pg/mL 1.8 (1.2) 1.6 (1.1) 1.5 (1.2) 0.013

Electrocardiography

LVH by Novacode 6.1 15 8.3 65 6.0 153 4.9 0.072

LAE by Novacode 7.1 41 22.7 146 13.4 441 14.1 0.0040

RVH by Novacode 8.1 1 0.55 6 0.55 17 0.54 >0.99

RAE by Novacode 9.1 0 0 3 0.28 3 0.10 0.34

MRI findingsb

Left ventricular mass, g 170.9 (43.5) 157.0 (39.1) 146.3 (38.4) <0.0001

Right ventricular mass, g 23.3 (4.5) 22.4 (4.5) 21.3 (4.4) <0.0001

Abbreviations: HDL, high-density lipoprotein; LAE, left atrial enlargement; LVH, left ventricular hypertrophy; MRI, magnetic resonance imaging;

RAE, right atrial enlargement; RVH, right ventricular hypertrophy; SD, standard deviation.
a Weight (kg)/height (m)2.
b In the MRI subcohort (n = 2,770).
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unaffected participants in the multivariable analysis adjusting
for the covariates in model 1 (hazard ratio (HR) = 1.02). The
association was not significant in other models either.

Comparison of the risks of incident AF between

participants with PDSA and unaffected participants in the

overall cohort

Participants with PDSA had a higher risk of incident AF
independently of conventional CVD risk factors as compared
with unaffected participants in the multivariable analysis
(model 1) (HR = 1.76). The associationwas similar in themul-
tivariable analysis sequentially adjusting for log interleukin-6
(model 2) (HR = 1.74). After additional adjustment for elec-
trocardiographic LAE (model 3) and interim CHD or HF
(model 4), the association between PDSA and incident AF
was further attenuated and became nonsignificant (HR = 1.67
and HR = 1.52, respectively) (Table 2).

Among the covariates, older age, male sex, antihyperten-
sive therapy, chronic kidney disease, higher log interleukin-6
levels at baseline, and incident CHD or HF were associated
with higher risk of AF, whereas black and Hispanic race/
ethnicity and lipid-lowering therapy were associated with
lower risk of AF.

Comparison of the risks of incident AF between

participants with PDSA and unaffected participants in

subgroup analyses by race/ethnicity, age, sex, and body

mass index in the overall cohort

Table 3 shows the results of a priori subgroup analyses
adjusting for the covariates in model 1. Among whites and
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Figure 2. Kaplan-Meier curves for event-free survival (no incident
atrial fibrillation events) among all participants with physician-
diagnosed sleep apnea (short-dashed line), self-identified habitual
snorers (long-dashed line), and unaffected participants (solid line),
Multi-Ethnic Study of Atherosclerosis, 2000–2011.

Table 2. Associations of Physician-Diagnosed Sleep Apnea, Self-Reported Habitual Snoring, andOther Potential Confounders or MediatorsWith

Incident Atrial Fibrillation in the Overall Sleep Cohort (Multivariate Models), Multi-Ethnic Study of Atherosclerosis, 2000–2011

Variable
Model 1a Model 2b Model 3c Model 4d

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Age, years 1.09e 1.07, 1.11 1.08e 1.06, 1.10 1.08e 1.06, 1.10 1.08e 1.06, 1.10

Male sex 2.03e 1.44, 2.93 2.11e 1.50, 2.98 2.12e 1.50, 2.98 2.02e 1.43, 2.86

Black race/ethnicity 0.47e 0.32, 0.69 0.47e 0.32, 0.68 0.46e 0.32, 0.67 0.46e 0.32, 0.68

Hispanic race/ethnicity 0.55e 0.34, 0.88 0.53e 0.33, 0.86 0.53e 0.33, 0.86 0.55e 0.34, 0.89

Body mass indexf 1.03 1.00, 1.06 1.02 0.99, 1.05 1.01 0.98, 1.05 1.01 0.98, 1.04

Systolic blood pressure, mm Hg 1.01 1.00, 1.01 1.01 1.00, 1.01 1.01 1.00, 1.01 1.01 1.00, 1.01

Use of antihypertensive agents 1.60e 1.20, 2.16 1.59e 1.18, 2.13 1.58e 1.18, 2.12 1.55e 1.15, 2.08

Use of lipid-lowering agents 0.63e 0.44, 0.93 0.65e 0.45, 0.95 0.65e 0.45, 0.96 0.65e 0.44, 0.95

Chronic kidney disease 1.47e 1.03, 2.11 1.46e 1.02, 2.09 1.48e 1.03, 2.12 1.43e 1.00, 2.05

Log interleukin-6, pg/mL 1.44e 1.14, 1.82 1.44e 1.14, 1.82 1.41e 1.12, 1.79

Electrocardiographic LAE 1.32 0.94, 1.85 1.33 0.95, 1.86

Interim CHD or heart failure 3.04e 2.04, 4.53

Habitual snoring 1.02 0.72, 1.44 1.02 0.72, 1.44 1.02 0.72, 1.45 1.08 0.76, 1.54

Sleep apnea 1.76e 1.03, 3.02 1.74e 1.01, 2.99 1.67 0.97, 2.88 1.52 0.88, 2.63

Abbreviations: CHD, coronary heart disease; CI, confidence interval; HR, hazard ratio; LAE, left atrial enlargement.
a Adjusted for age, sex, race/ethnicity, study site, health insurance status, educational level, body mass index, diabetes, systolic blood pressure,

total and high-density lipoprotein cholesterol, chronic kidney disease, smoking status, alcohol intake status, use of antihypertensive agents, and use

of lipid-lowering agents.
b Additionally adjusted for log interleukin-6.
c Additionally adjusted for electrocardiographic LAE.
d Additionally adjusted for interim CHD or heart failure events.
e P < 0.05.
f Weight (kg)/height (m)2.
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blacks, the point estimate for risk of incident AF was approx-
imately 2-fold higher in persons with PDSA than in un-
affected participants. In contrast, among Hispanics, the risk
of incident AF was similar in participants with PDSA and un-
affected participants. Irrespective of the obvious difference
between racial/ethnic groups in the association of PDSA
with incident AF, a significant interaction between racial/
ethnic groups was not observed (P = 0.97).
There was a tendency for the association of PDSAwith in-

cident AF to vary somewhat by age, sex, and body mass index,
but the interaction P values were not significant. PDSA was
significantly associated with a higher risk of AF in participants
under age 65 years but not in elderly participants; in women
but not in men; and in obese participants (body mass index
≥30) but not in nonobese participants. The results of subgroup
analyses were similar in the multivariable analysis adjusting
for all covariates in model 4 (data not shown).

Comparison of the risks of incident AF between

participants with PDSA and unaffected participants in

multivariable models and subgroup analyses in the MRI

subcohort

There were 2,770 participants and 122 incident AF events
identified in the subcohort that underwent cardiacMRI exam-
ination. Web Table 1 (available at http://aje.oxford journals.
org/) shows that PDSA was significantly associated with in-
cident AF in the MRI subcohort in the multivariable analysis
adjusting for the covariates in model 1. The association re-
mained significant in models 2–4. In addition, Web Table 2
shows that the results in the subgroup analyses adjusting for

the covariates in model 1 in the MRI subcohort were similar
to those in the overall cohort.

Evaluation of the potential mediating effects of

interleukin-6 and electrocardiographic LAE on the

associations of HS and PDSA with incident AF in the

overall cohort

Using the “%MEDIATE” macro (23) in model 2, log
interleukin-6 was not intermediate to either HS, as it did not
attenuate the estimated association for HS, or PDSA (percent-
age of treatment effect:−34.29% (P = 0.92) for HS and 2.38%
(P = 0.29) for PDSA) with regard to incident AF. In model 3,
electrocardiographic LAE was intermediate to PDSA but,
again, not to HS (percentage of treatment effect: 7.47% (P =
0.0085) and −12.46% (P = 0.90) for HS and PDSA, respec-
tively) with regard to incident AF (data not shown).

DISCUSSION

We assessed the associations of PDSA and HS with inci-
dent AF among white, black, and Hispanic participants in
MESA, a prospective community-based study. In the overall
cohort and in multivariable models adjusting for convention-
al vascular risk factors and amarker of systemic inflammation
(interleukin-6) during an average 8.5-year follow-up period,
we found that participants with PDSA had a 1.74-fold higher
risk of incident AF than unaffected persons. Notably, the
magnitude of association was attenuated somewhat and be-
came nonsignificant after additional adjustment for electro-
cardiographic LAE and interim CHD or HF. This means

Table 3. Association of Physician-Diagnosed Sleep Apnea With Incident Atrial Fibrillation in the Overall Sleep

Cohort, According to Model 1 Covariates (Stratified Multivariable Cox Proportional Hazards Regression Model),

Multi-Ethnic Study of Atherosclerosis, 2000–2011

Variable
Hazard
Ratioa

95%
Confidence Interval

No. of
AF Events

P Value
P for

Interaction

Race/ethnicity

White 1.85 0.97, 3.51 132 0.06 0.97

Black 2.25 0.65, 7.98 43 0.20

Hispanic 0.71 0.09, 5.91 37 0.76

Age, years

≥65 1.27 0.63, 2.57 159 0.51 0.11

<65 3.20 1.32, 7.74 53 0.01

Sex

Female 3.97 1.48, 10.65 71 0.006 0.08

Male 1.48 0.77, 2.85 141 0.24

Body mass indexb

≥30 2.73 1.33, 5.60 73 0.006 0.15

<30 1.04 0.41, 2.59 139 0.94

Abbreviation: AF, atrial fibrillation.
a All subgroup analyses adjusted for age, sex, race/ethnicity, study site, health insurance status, educational level,

smoking status, alcohol intake status, body mass index, diabetes, systolic blood pressure, total and high-density

lipoprotein cholesterol, chronic kidney disease, use of antihypertensive agents, and use of lipid-lowering agents.

Unaffected participants were the reference group.
b Weight (kg)/height (m)2.
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that left atrial remodeling and interim CHD or HF may be po-
tential mediators between more severe sleep apnea and AF.

Habitual snoring without sleep apnea has been reported to
be unassociated with increased risk of incident CVD in some
studies, including MESA (17, 24). Although Sands et al. (25)
observed a significant association in postmenopausal women,
the risk of CVD was relatively small (approximately 1.12). In
the present study, oncewedistinguished persons likely to have
more severe sleep apnea—that is, those with PDSA—from
the larger group reporting habitual snoring, we found that
habitual snoring was not associated with higher risk of inci-
dent AF.

In the Sleep Disorders in Older Men Study, comprising
2,911 elderly (age ≥65 years) men (14), AF was identified
cross-sectionally using overnight electrocardiography from
a sleep study. Odds ratios for AF were 1.58 and 2.15 times
higher in participants with respiratory disturbance indices
of 12–23.8 and ≥23.9, respectively, than in those with an
index less than 5.9. In addition, Gami et al. (11) retrospec-
tively analyzed a cohort of 3,542 sleep-disordered patients
in a clinic-based study, 74% of whom were diagnosed with
OSA. They showed that patients with OSA had a 2.18 times’
higher risk of incident AF than those without OSA after an
average follow-up period of 4.7 years. A case-crossover anal-
ysis of overnight sleep studies showed that individual apneas
and hypopneas served as triggers of paroxysmal arrhythmias
(26). The results of these cohort studies, although limited by
either a cross-sectional design or a limited ability to adjust for
multiple CVD markers, accord with our findings in a group
free of CVD at baseline.

In MESA, we observed an AF burden that was 2-fold
higher in whites than in blacks and Hispanics, which is con-
sistent with previous epidemiologic studies of the general US
population (27). As compared with unaffected participants,
the risk of incident AF was 1.9 times higher in white partic-
ipants with PDSA. In the Sleep Disorders in OlderMen Study
and the Sleep Heart Health Study, most of the participants
were white, and thus the findings of those studies are consis-
tent with ours for whites (15, 28). In addition, the risk of in-
cident AF was 2.3 times higher in black participants with
PDSA. However, the risk of incident AF was not increased
in Hispanics with PDSA. The results of some studies have
implied that the roles of stress and medications in triggering
AF may differ among racial/ethnic groups (16, 29). Since the
sample size of our participants with PDSAwas small, further
research is needed to understand ethnic and racial differences
in sleep apnea–related AF susceptibility.

Sleep apnea has been associated with intermittent hypox-
emia or hypercapnia, metabolic abnormalities, inflammation,
poor control of hypertension, and left atrial and ventricular
remodeling, which may lead to an increased risk of CVD
and AF (30–32). Recent evidence has suggested that the se-
verity of OSA is correlated with left atrium size and dysfunc-
tion and that continuous positive airway pressure therapy
could improve left atrial remodeling, which may reduce the
occurrence of AF (33, 34). This evidence is consistent with
our findings that left atrial abnormality may be a mediator of
the association of more severe sleep apnea (PDSA) with in-
cident AF. In addition, our findings suggest that interim CHD
or HF may be a mediator between PDSA and AF.

In subgroup analyses, there was a tendency for the associ-
ation of PDSAwith incident AF to be stronger in middle-aged
or obese persons and in women. Prior research in the Sleep
Heart Health Study also showed stronger associations in
middle-aged persons compared with younger persons (28).
Furthermore, in the Sleep Disorders in Older Men Study co-
hort, a cohort of older men, indices of sleep apnea severity
were associated with AF, albeit less strongly than in the
Sleep Heart Health Study cohort. Gami et al. have postulated
that the presence of multiple cardiovascular risk factors and
cardiac dysfunction in older people may attenuate the associ-
ation of sleep apneawith the occurrence of AF (11). However,
it is also possible that differences in autonomicnervous system
responses to sleep apnea in older persons as compared with
younger persons also may influence sleep apnea–related ar-
rhythmia. This finding is also consistent with overall stronger
associations of sleep apnea with mortality and CHD (35, 36).

With regard to the influence of obesity, it is possible that
underlying obesity, which is associated with insulin resistance
and inflammation, may be related to sleep apnea–associated
stresses that contribute to AF (37). Iwasaki et al. (38) found
the mechanism of forced inspiration-induced left atrial disten-
sion in an animal model to be a critical component of the oc-
currence of AF during OSA episodes in obese patients.

With regard to the sex difference, the prevalence of clini-
cally relevant OSA in the general population is only 6% in
women as compared with 14% inmen (39). Differences in cra-
niofacial morphology and function, body-fat distribution, and
sex-hormonal influences may play a role in the sex-specific
pathogenesis of PDSA (40, 41).Women are usually diagnosed
with sleep apnea after menopause, at later ages, and with
higher prevalences of obesity than men. The stronger associa-
tions between PDSA and AF observed in women may reflect
either increased susceptibility ofwomen to sleep apnea–related
stresses, which is consistent with some data indicating more
endothelial dysfunction among women with sleep apnea com-
pared with men (42), or a greater severity of sleep apnea in
women who are clinically diagnosed with the disorder.

The strengths of our study included the ethnic diversity of
the cohort; the availability of data on conventional risk fac-
tors, inflammatory markers, andmeasures of cardiac structure
at baseline; and adjudicated information on subsequent CHD
or HF. In addition, to our knowledge, MESA is the first pro-
spective study to have demonstrated long-term associations of
PDSA and HS with incident AF in a broad community cohort.

Our study had several limitations, however—notably the
lack of objective data on the severity and forms of sleep
apnea and the use of a self-reported measure of sleep. Despite
these limitations, our participants with PDSA had character-
istics similar to those of persons with more severe sleep apnea
diagnosed by polysomnography (17, 27). In addition, basing
the diagnosis of AF on hospital admission records may have
produced underestimation of many paroxysmal or persistent
AF events among participants who were treated in outpatient
clinics. Although the use of a sleep history questionnaire may
have allowed us to follow up on AF events occurring after
MESA examination 1, the associations became nonsignificant
in a sample excluding persons with evidence of AF prior to
MESA examination 2 in model 1 (HR = 1.59, P = 0.12) and
in other models. We also had limited statistical power to test
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for subgroup differences. Finally, the model did not adjust for
sleep apnea therapy (such as continuous positive airway pres-
sure) that would reduce the risk of incident AF in the PDSA
group, since this would not have affected the final result.
In conclusion, our findings suggest that PDSA, a marker of

more severe sleep apnea, but not HS was associated with an
increased risk of incident AF after adjustment for multiple po-
tential confounders or mediators in MESA. In addition, there
was a tendency for the association of PDSAwith incident AF
to be stronger in middle-aged or obese persons and in women.
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