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ORIGINAL RESEARCH

Sedentary Behavior and Atrial Fibrillation in 
Older Women: The OPACH Study
Brian C. Boursiquot , MD, MS; John Bellettiere , PhD, MPH; Michael J. LaMonte , PhD, MPH;  
Andrea Z. LaCroix , PhD, MPH; Marco V. Perez , MD

BACKGROUND: Sedentary behavior is associated with cardiovascular disease, but its association with incident atrial fibrillation 
is not well studied. Our aim was to measure the association between objectively measured sedentary behavior and incident 
atrial fibrillation.

METHODS AND RESULTS: Sedentary behavior was measured by a triaxial accelerometer worn on a belt for 1 week. Incident atrial 
fibrillation was ascertained from Medicare claims. The associations between total sedentary time (or patterns of sedentary 
behavior) and incident atrial fibrillation were assessed using Cox proportional hazards models adjusted for demographic and 
clinical covariates. Among 2675 participants (mean age, 78.2 years), there were 268 (10.0%) cases of incident atrial fibrillation 
at a rate of 31 cases per 1000 person- years. Greater total sedentary time was associated with a higher risk of incident atrial 
fibrillation after adjustment for age, race and ethnicity, body mass index, education, smoking history, hypertension, diabetes, 
stroke, heart disease, and other chronic conditions (quartile 4 versus quartile 1: hazard ratio, 1.20, [95% CI, 0.81– 1.78]; P for 
trend=0.05). After adjusting for physical function and self- rated health, this was no longer statistically significant. Both longer 
mean sedentary bout duration and more continuous sedentary periods (versus frequent breaks in sedentary time) were also 
associated with higher risks of incident atrial fibrillation, but these associations were also attenuated with serial adjustment.

CONCLUSIONS: Total sedentary time and prolonged patterns of sedentary accumulation were associated with a higher risk 
of atrial fibrillation in this prospective study of community- dwelling older women, but these associations were attenuated by 
adjustment for physical function and self- reported health. This suggests that associations between sedentary behavior and 
atrial fibrillation may be attributable to global measures of overall function and health.
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Atrial fibrillation (AF) is the most prevalent arrhyth-
mia in the United States, and is an independent 
predictor of stroke and mortality.1,2 The preva-

lence of AF increases with age, and although AF is less 
common in women, the effect of AF on the risks of 
stroke and death is greater in women than in men.3,4 
Therefore, the identification of risk factors for AF in 
older women has important implications for preven-
tion and control of the large burden of morbidity and 
mortality associated with the disease. Current known 
modifiable risk factors for AF in older women include 
hypertension, obesity, and diabetes.5

Sedentary behavior has emerged as a risk factor 
for various health outcomes including cardiovascular 

disease and mortality.6– 9 The health implications of sed-
entary behavior are distinct from those related to a lack 
of exercise, because sedentary time has been shown 
to be associated with cardiometabolic health even after 
statistically accounting for exercise and physical activity. 
In addition to total sedentary time, the manner in which 
sedentary time is accumulated is also associated with 
cardiovascular risk, with prolonged sedentary periods 
being more detrimental than interrupted sedentary 
time.10 Despite the growing literature on sedentary be-
havior as a cardiovascular risk factor, AF has not been 
well studied as an outcome. Our objective was to mea-
sure the association between objectively measured 
sedentary time and the risk of incident AF.
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METHODS
Participants and Study Design
Because of the sensitive nature of the data col-
lected for this study, requests to access this data 
set from qualified researchers trained in human sub-
ject confidentiality protocols may be sent to the WHI 
(Women’s Health Initiative) at helpdesk@whi.org. The 
WHI is a large prospective study of postmenopausal 
women, the details of which have been published.11,12 
From 2012 to 2014, the OPACH (Objective Physical 
Activity and Cardiovascular Health) study enrolled 
7048 community- dwelling WHI participants aged 63 
to 99  years to investigate the association between 
accelerometer- measured physical activity and cardio-
vascular disease.13 For this study, we included OPACH 
participants for whom accelerometer data were suc-
cessfully collected and for whom claims data could 
be obtained from Medicare for AF ascertainment. We 
excluded those who did not meet requirements for 
acceptable accelerometer wear time, those without 
Medicare Fee- for- Service data, and those with a history 
of AF before OPACH baseline. The original protocol for 

OPACH was approved by the Fred Hutchinson Cancer 
Research Center Institutional Review Board, and all 
participants provided informed consent. This second-
ary analysis was also approved by institutional review 
boards at the University of California, San Diego and 
Stanford University.

Baseline Characteristics
Age, race and ethnicity, and education were ob-
tained at WHI enrollment. Body mass index was ob-
tained from in- home examinations at OPACH baseline. 
Smoking history was obtained from combining self- 
reported smoking history at WHI enrollment with re-
ported current smoking status at OPACH baseline. 
Measurement of chronic health conditions present 
at OPACH baseline included both self- reported and 
physician- adjudicated diagnoses.14 Eight of these con-
ditions (cancer, cognitive impairment, frequent falls, 
chronic obstructive pulmonary disease, osteoarthritis, 
depression, incontinence, and sensory impairment) 
were summarized in a comorbidity index equal to the 
number of conditions present in a given individual. This 
index is similar to one previously described,14 with the 
difference being that heart disease (which includes 
coronary artery disease and congestive heart failure) 
and stroke, both of which were previously part of the 
composite index, were included in these analyses as 
separate variables, because they are known to be as-
sociated with AF. Hip fracture was excluded because 
of a high rate of missing values, as has been done in 
prior studies with this cohort.15,16 Self- reported health 
status and physical functioning (assessed with the 
RAND- 36 survey instrument for health- related quality 
of life) were obtained from questionnaires at OPACH 
baseline. Prevalent AF was determined by meeting 
any of the following criteria: (1) presence of AF on a 
12- lead ECG at WHI enrollment (1993– 1998), (2) self- 
reported physician diagnosis of AF at WHI enrollment 
or in subsequent annual follow- up questionnaires be-
fore OPACH baseline, or (3) presence of AF diagnosis 
in Medicare claims before OPACH baseline.

Accelerometer Data
An ActiGraph GT3X+ (ActiGraph, Pensacola, FL) triax-
ial accelerometer was distributed at OPACH baseline. 
Participants were instructed to wear the accelerometer 
on the hip for 7 days at all times except when bathing 
or swimming. In- bed and out- of- bed times were based 
on sleep logs and non– wear time was identified using 
the common Choi algorithm.17 An adherent day was 
considered to be ≥10 hours of out- of- bed wear time, 
and inclusion for final analysis required participants to 
have had ≥4 adherent days.

Processing of the raw accelerometer data into sed-
entary behavior variables has been described in detail 

CLINICAL PERSPECTIVE

What Is New?
• This is one of the first studies to assess the as-

sociation between objectively measured seden-
tary behavior and incident atrial fibrillation, and it 
uniquely uses laboratory- calibrated accelerom-
eters to define and measure both total seden-
tary time and patterns of sedentary behavior.

• We found that in community- dwelling older 
women, higher total sedentary time and pat-
terns of prolonged sedentary bouts were as-
sociated with a higher risk of incident atrial 
fibrillation.

What Are the Clinical Implications?
• Sedentary behavior may impact risk of incident 

atrial fibrillation in other populations.
• Interventions that limit sedentary behavior may 

be able to reduce rates of atrial fibrillation in 
older women.

Nonstandard Abbreviations and Acronyms

FFS A+B Medicare Fee- for- Service Parts A and B
OPACH Objective Physical Activity and 

Cardiovascular Health
WHI Women’s Health Initiative
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elsewhere.15 The specific cut points for accelerometer 
activity counts that best distinguished levels of physi-
cal activity intensity were chosen based on a separate 
laboratory calibration study of older women.18 Each 
15- second interval of time was classified as seden-
tary behavior, light intensity activity, or moderate- to- 
vigorous physical activity. Total sedentary time and 
total moderate- to- vigorous physical activity time were 
derived from these 15- second- level data, whereas all 
sedentary accumulation pattern variables were de-
rived from minute- level data using a previously val-
idated method.18– 20 The 15- second- level data were 
not used for these pattern variables because they 
were overly sensitive to breaks in sedentary time. 
Three sedentary accumulation pattern metrics were 
examined in this analysis: (1) mean sedentary bout 
duration, (2) mean number of daily breaks in seden-
tary time, and (3) α metric. A break in sedentary time 
was defined as any transition from a sedentary to a 
nonsedentary bout, regardless of bout duration. The 
α metric was calculated according to the methods 
described by Chastin et al,20,21 and simultaneously 
captures the frequency and duration of all sedentary 
bouts. A lower α indicates a prolonged accumula-
tion pattern with many long bouts, whereas a higher 
α indicates an interrupted accumulation pattern with 
many short bouts.

Outcomes
Ascertainment of incident AF in WHI participants has 
been described,5,22 and for this study was based on 
linked Medicare claims through December 2016. A 
case of AF was defined as having at least a single AF di-
agnosis code (427.31 in the International Classification 
of Diseases, Ninth Revision [ICD- 9]; I48.0, I48.1, I48.2, 
or I48.91 in the Tenth Revision [ICD- 10]) while the par-
ticipant was enrolled in Medicare Fee- for- Service Parts 
A and B (FFS A+B). Participants who enrolled in FFS 
A+B after WHI enrollment were evaluated with a 2- year 
look- back period to assess for possible preexisting AF 
at the time of first joining FFS A+B. Participants who 
were free of AF for the duration of the look- back period 
were included in the analysis at the time of comple-
tion of the look- back period. Participants who dropped 
out of FFS A+B and then returned for a subsequent 
FFS A+B interval were not required to undergo an-
other look- back period if they had been established 
as AF- free on their initial inclusion in the analysis. The 
outcome of death was ascertained from WHI records, 
which by design were ensured to contain identical 
death dates as those recorded by Medicare.

Statistical Analysis
Baseline characteristics are presented with means 
and standard deviations for continuous variables, 

and with frequencies and percentages for categori-
cal variables. P values for comparisons of character-
istics across quartiles of total sedentary time were 
derived from ANOVA for continuous variables or χ2 
tests for categorical variables. Measures of total sed-
entary time and total moderate- to- vigorous physical 
activity time were adjusted for total awake wear time 
using the residuals method described by Willett and 
Stampfer.23 The daily number of breaks in sedentary 
time was similarly adjusted for total sedentary time. 
Competing risks methods (cmprsk package in R ver-
sion 2.2- 7; R Foundation for Statistical Computing, 
Vienna, Austria) were used to estimate the cumulative 
incidence of AF. Death was considered a competing 
risk, whereas loss of FFS A+B follow- up was a cen-
soring event. The Gray test was used for comparisons 
of cumulative incidence across quartiles of total sed-
entary time.24

In our primary analysis, hazard ratios (HRs) for inci-
dent AF were computed for quartiles of total sedentary 
time using prespecified multivariable Cox proportional 
hazards models. Model 1 adjusted for age, race and 
ethnicity, and body mass index. Model 2, our primary 
model, adjusted for Model 1 covariates, as well as 
education, smoking history, hypertension, diabetes, 
stroke, heart disease, and comorbidity index. Model 
3 adjusted for Model 2 covariates with the addition of 
self- rated health and physical function. P values for 
trend were calculated from separate models that in-
cluded total sedentary time as a continuous variable to 
assess linearity across the entire distribution of the ex-
posure and to maximize statistical power. Our analyses 
examining patterns of sedentary accumulation were 
similar to those described above, except total seden-
tary time was replaced with the accumulation pattern 
variable being tested.

A secondary aim of this study was to assess the 
nonlinearity of the association between total sedentary 
time and incident AF. For this, a Cox proportional haz-
ards model was fit to include total sedentary time as a 
restricted cubic spline term with 3 knots, adjusting for 
Model 2 covariates (rms package in R version 5.1.3). 
Wald tests were used to assess statistical significance 
of nonlinearity. To visualize the dose- response trajec-
tory, a plot was generated using the 10th percentile of 
the sedentary time distribution (7.2 h/d) as the referent 
category. All analyses were conducted using R statisti-
cal software version 3.4.1.

RESULTS
Baseline Characteristics
Among 7048 participants who were given acceler-
ometers, 6126 participants returned accelerometers 
and were adherent to wear time requirements. We 
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excluded 2026 participants for having no Medicare 
exposure at any time, 686 for baseline AF, and an ad-
ditional 739 participants for dropping out of Medicare 
before OPACH baseline. Ultimately, we included 2675 
adherent accelerometer users who were AF- free at 
OPACH baseline and had subsequent Medicare fol-
low- up. On average, participants were 78.2 years old, 
had a body mass index of 28.1 kg/m2, and were sed-
entary for 9.2 hours per day. A comparison of baseline 
characteristics across quartiles of total sedentary time 
is shown in Table 1.

AF and Total Sedentary Time
Over a median follow- up of 3.8  years (maximum 
4.8  years), there were 268 (10.0%) cases of incident 
AF at a rate of 31 cases per 1000 person- years, and 
111 all- cause deaths (4.1%) at a rate of 13 deaths per 
1000 person- years. The cumulative incidence of AF, 
adjusted for the competing risk of death, was 12.1% 
at the end of follow- up. An unadjusted comparison 
of the cumulative incidence of AF across quartiles of 
total sedentary time revealed a significant difference 
between groups (Figure 1, P<0.001).

Table 1. Baseline Characteristics Stratified by Total Sedentary Time*

Quartile 1 Quartile 2 Quartile 3 Quartile 4

P valueN=670 N=668 N=667 N=670

Age, y, mean (SD) 76.19 (6.14) 77.95 (6.64) 78.40 (6.51) 80.38 (6.68) <0.001

Race and ethnicity, n (%) <0.001

White 269 (40.1) 325 (48.7) 331 (49.6) 422 (63.0)

Black 265 (39.6) 233 (34.9) 253 (37.9) 193 (28.8)

Hispanic 136 (20.3) 110 (16.5) 83 (12.4) 55 (8.2)

Education, n (%) 0.04

College graduate or more 309 (46.1) 315 (47.6) 265 (40.2) 281 (42.0)

Some college 233 (34.8) 222 (33.5) 265 (40.2) 271 (40.5)

High school or equivalent 128 (19.1) 125 (18.9) 129 (19.6) 117 (17.5)

Ever smoker, n (%) 275 (41.5) 277 (41.7) 304 (46.2) 322 (48.4) 0.024

Body mass index, kg/m2, 
mean (SD)

26.30 (4.99) 27.54 (5.33) 28.39 (5.35) 30.06 (6.00) <0.001

Hypertension, n (%) 423 (63.1) 468 (70.1) 499 (74.8) 529 (79.0) <0.001

Diabetes, n (%) 89 (13.3) 137 (20.5) 137 (20.5) 168 (25.1) <0.001

Stroke, n (%) 23 (3.4) 21 (3.1) 45 (6.7) 51 (7.6) <0.001

Heart disease, n (%)† 27 (4.0) 53 (7.9) 48 (7.2) 66 (9.9) 0.001

Comorbidity index, n (%)‡ <0.001

0 210 (31.4) 171 (25.7) 154 (23.2) 135 (20.3)

1 270 (40.4) 277 (41.7) 277 (41.8) 249 (37.4)

2 141 (21.1) 159 (23.9) 166 (25.0) 178 (26.7)

3+ 47 (7.0) 58 (8.7) 66 (10.0) 104 (15.6)

Self- rated health, n (%) <0.001

Excellent 112 (16.8) 79 (11.9) 54 (8.1) 39 (5.8)

Very good 318 (47.7) 267 (40.1) 306 (45.9) 271 (40.6)

Good 212 (31.8) 269 (40.4) 251 (37.7) 272 (40.7)

Fair/poor 25 (3.7) 51 (7.7) 55 (8.3) 86 (12.9)

Physical function score, mean 
(SD)§

80.91 (19.62) 73.61 (23.25) 69.77 (25.13) 58.75 (27.31) <0.001

Total sedentary time, h/d, 
mean (SD)

7.26 (0.81) 8.78 (0.28) 9.73 (0.27) 11.03 (0.64) <0.001

Moderate- to- vigorous 
physical activity, min/d, mean 
(SD)

82.86 (36.58) 55.90 (27.09) 41.91 (21.67) 27.01 (17.98) <0.001

*Total sedentary time and time spent in moderate- to- vigorous physical activity are each adjusted for accelerometer wear time. Cut points for total sedentary 
time: quartile 1=3.25– 8.27 h/d; quartile 2=8.27– 9.27 h/d; quartile 3=9.27– 10.22 h/d; quartile 4=10.22– 13.86 h/d. Number of missing values excluded from table: 
education=15, smoking history=25, body mass index=169, comorbidity index=13, self- rated health=8, physical function score=23.

†Heart disease includes coronary artery disease and congestive heart failure.
‡The 8 chronic conditions included in the comorbidity index are cancer, osteoarthritis, depression, chronic obstructive pulmonary disease, cognitive 

impairment, sensory impairment, frequent falls, and incontinence.
§Physical function score, dervied from part of the RAND- 36 (a 36- item survey on health- related quality of life), has a range of 0 to 100, where higher scores 

suggest better function.
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Table 2 shows the results for serially adjusted models. In 
Model 2, which adjusted for age, race and ethnicity, body 
mass index, education, smoking history, hypertension, 
diabetes, stroke, heart disease, and comorbidity index, 
greater total sedentary time was associated with more in-
cident AF (P for trend=0.05), with a 20% higher risk of AF 
in the most sedentary quartile compared with the least 
sedentary quartile (HR, 1.20 for quartile 4 versus quartile 
1 [95% CI, 0.81– 1.78]). The addition of self- rated health 
and physical function (Model 3) resulted in loss of statisti-
cal significance (P for trend=0.12). Addition of moderate- 
to- vigorous physical activity (not shown) also resulted in 
loss of statistical significance (P for trend=0.11).

Given the potentially nonlinear relationship between 
total sedentary time and incident AF, we considered 
whether there may be a threshold above which ac-
cumulating more sedentary time becomes detrimen-
tal. Figure  2 plots the risk of incident AF across the 

distribution of total sedentary time seen in this popula-
tion, adjusted for the primary model covariates. Formal 
testing for nonlinearity in our spline model was not sta-
tistically significant (P=0.08).

AF and Patterns of Sedentary 
Accumulation
Finally, we assessed the risk of AF associated with 
various patterns of sedentary accumulation, shown in 
Table  3. A longer mean sedentary bout was associ-
ated with higher risk of incident AF, but this association 
was attenuated with serial adjustment. The α is a com-
posite measure that takes into account interruptions 
in sedentary time as well as the duration of sedentary 
bouts. A lower α, which represents a more prolonged 
accumulation pattern of sedentary time, was also as-
sociated with a higher risk of AF. After adjustment for 
Model 2 covariates, there was a 50% increased risk 
of AF in those with the lowest α compared with those 
with the highest α (HR, 1.50 for Q1 versus Q4 [95% 
CI, 1.00– 2.24]; P for trend=0.02). This association was 
attenuated by further adjustment for self- rated health 
and physical function. Overall, the number of breaks in 
sedentary time was not independently associated with 
risk of incident AF in adjusted models.

DISCUSSION
In our prospective study of community- dwelling older 
women, greater accelerometer- measured total seden-
tary time was associated with a higher risk of AF. Mean 
bout duration and α, indicators of how sedentary time 
is accumulated, were also associated with incident AF. 
However, these findings were all attenuated after serial 
adjustment for demographic and clinical covariates.

Figure 1. Cumulative incidence of atrial fibrillation by 
quartiles of total sedentary time.
Total sedentary time is adjusted for accelerometer wear time. Cut 
points for total sedentary time: quartile (1=3.25– 8.27 h/d; quartile 
2=8.27– 9.27  h/d; quartile 3=9.27– 10.22  h/d; quartile 4=10.22– 
13.86 h/day. P value calculated by Gray test.

Table 2. Associations Between Total Sedentary Time and Incident Atrial Fibrillation*

Events Incidence rate†

Hazard ratio (95% CI)

Unadjusted Model 1‡ Model 2 Model 3

Least 
sedentary

48 21.6 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Quartile 2 63 28.1 1.30 (0.89– 1.89) 1.10 (0.75– 1.63) 1.03 (0.70– 1.52) 0.99 (0.67– 1.47)

Quartile 3 58 26.4 1.23 (0.84– 1.80) 0.97 (0.65– 1.45) 0.89 (0.59– 1.34) 0.83 (0.55– 1.25)

Most sedentary 99 46.8 2.19 (1.55– 3.09) 1.39 (0.95– 2.05) 1.20 (0.81– 1.78) 1.10 (0.74– 1.64)

P for trend§ <0.001 0.007 0.05 0.12

Ref indicates referent.
*Total sedentary time is adjusted for accelerometer wear time. Cut points for total sedentary time: quartile 1=3.25– 8.27 h/d; quartile 2=8.27– 9.27 h/d; quartile 

3=9.27– 10.22 h/d; quartile 4=10.22– 13.86 h/d.
†Incidence rate is expressed as events per 1000 person- years.
‡Model 1 adjusts for age, race and ethnicity, and body mass index. Model 2 adjusts for Model 1 covariates plus education, smoking, hypertension, diabetes, 

stroke, heart disease, and comorbidity index. Heart disease includes coronary artery disease and congestive heart failure. The 8 chronic conditions included 
in the comorbidity index are cancer, osteoarthritis, depression, chronic obstructive pulmonary disease, cognitive impairment, sensory impairment, frequent 
falls, and incontinence. Model 3 adjusts for Model 2 covariates plus self- rated health and physical function score. Event numbers after complete case analysis: 
unadjusted=268, Model 1=254, Model 2=252, Model 3=251.

§P values for trend were derived from separate models including total sedentary time as a continuous variable.
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Although the pathophysiology of AF is not com-
pletely understood, structural remodeling of the atria 
likely plays an important role. Aging, hypertension, 
obesity, and diabetes are all associated with atrial re-
modeling that promotes ectopic electrical activity.25 
Sedentary behavior has been linked to higher sys-
tolic blood pressure, insulin resistance, and adiposity, 
which may explain its association with incident AF in a 
dose- dependent manner beyond the binary absence 
or presence of hypertension, diabetes, or obesity.26,27 
Besides its relation to these risk factors that may par-
tially mediate the effect of sedentary time on incident 
AF, sedentary behavior has been associated with 
inflammation, oxidative stress, and endothelial dys-
function, which are all associated with a higher risk of 
cardiovascular disease.27 For AF specifically, oxidative 
stress is one mechanism by which fibrotic remodeling 
may occur, and inflammation may be correlated with 
the incidence and recurrence of AF.25

The impact of physical activity on the risk of AF in 
the general population is controversial, with studies 

suggesting that moderate exercise may be protective 
or have no impact,28– 30 whereas strenuous physical 
activity, such as that seen in high- endurance athletes, 
may increase risk.29– 31 In older women specifically, 
higher physical activity is associated with lower inci-
dence of AF and favorably modifies the association 
between obesity and incident AF.32 Prior studies have 
suggested that sedentary behavior may be associated 
with a higher incidence of AF.32– 38 However, rather than 
directly investigate sedentary behavior, these studies 
often define physical inactivity as a reference group for 
their main exposure, which is typically the frequency of 
exercise or an estimate of energy expenditure.

Few studies have examined AF risk and true 
sedentary behavior, which is not simply the ab-
sence of exercise. Kubota et al assessed the dose- 
response of sedentary behavior on risk of AF using 
self- reported television watching as a surrogate for 
sedentary time.35 The authors found a 28% higher 
risk of AF in those who spent the most time watching 
television versus those who never or seldom watched 

Figure 2. Continuous dose- response association between total sedentary time and incident 
atrial fibrillation.
This relationship was modeled using Cox regression with total sedentary time (adjusted for accelerometer 
wear time) included as a restricted cubic spline term with 3 knots. The solid line represents the hazard 
ratios relative to the 10th percentile of sedentary time (7.2 hours), adjusted for age, race and ethnicity, body 
mass index, education, smoking, hypertension, diabetes, stroke, heart disease, and comorbidity index. 
Heart disease includes coronary artery disease and congestive heart failure. The 8 chronic conditions 
included in the comorbidity index are cancer, osteoarthritis, depression, chronic obstructive pulmonary 
disease, cognitive impairment, sensory impairment, frequent falls, and incontinence. The dotted lines 
represent the 95% CIs for the hazard ratios. P value for nonlinearity was obtained from the spline model 
described above. P value for linearity was obtained from a model including total sedentary time as a 
continuous exposure, adjusted for the same covariates.
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television. Palmisano et al used accelerometer mea-
surements from implanted cardiac defibrillators to 
assess the effects of physical activity on the risk of 
atrial tachyarrhythmia (most of which likely represents 
AF), and found that more inactivity time was asso-
ciated with a higher risk of arrhythmia.38 In contrast 
to our study, their accelerometer measurements did 
not appear to be calibrated to actual energy expen-
diture, so it is unclear how accurately their binary 
definition of physical activity (versus inactivity) distin-
guished true sedentary behavior from various levels 
of physical activity. Amadid et al found no association 
between accelerometer- measured sedentary time 
and a composite outcome of incident cardiovascu-
lar disease that included AF.37 Notably, they did not 
find any association between cardiovascular disease 
and time spent at any physical activity level. Although 
this study may conflict with some of the existing lit-
erature, the statistical analysis used in their study 

was a tree- structured survival analysis, which limits 
comparison to our study and others. Their study also 
included clinical and laboratory measurements that 
were not available in our study.

In addition to being one of the first studies to assess 
the association between sedentary behavior and inci-
dent AF, our study has several strengths. Our measure of 
sedentary behavior is objective and quantitative, rather 
than based on self- report. Cut points for our accelerom-
eter measurements were calibrated in a laboratory study 
to more accurately define sedentary behavior in older 
women. Our study looks at AF as a sole outcome, rather 
than as part of a composite outcome; and we study a 
population of community- living older women who are at 
average risk for AF (for their age), rather than a high- risk 
population with implanted devices and functional limita-
tions associated with their underlying pathology. Finally, 
we uniquely assess the impact of patterns of sedentary 
behavior on incident AF.

Table 3. Associations Between Accumulation Patterns of Total Sedentary Time and Incident Atrial Fibrillation*

Events Incidence rate†

Hazard ratio (95% CI)

Unadjusted Model 1‡ Model 2 Model 3

Mean sedentary bout duration§

Shortest bouts 38 17.1 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Quartile 2 61 27.6 1.62 (1.08– 2.42) 1.39 (0.91– 2.11) 1.44 (0.94– 2.20) 1.40 (0.92– 2.14)

Quartile 3 72 32.8 1.92 (1.30– 2.84) 1.41 (0.93– 2.15) 1.37 (0.90– 2.09) 1.31 (0.86– 1.99)

Longest bouts 97 45.3 2.67 (1.84– 3.89) 1.55 (1.02– 2.35) 1.46 (0.96– 2.23) 1.40 (0.92– 2.14)

P for trend|| <0.001 0.02 0.05 0.14

Breaks in sedentary time¶

Most breaks 52 24.1 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Quartile 3 69 31.6 1.32 (0.92– 1.89) 1.18 (0.82– 1.71) 1.19 (0.83– 1.73) 1.22 (0.84– 1.76)

Quartile 2 63 28.2 1.18 (0.82– 1.70) 0.92 (0.63– 1.35) 0.92 (0.63– 1.36) 0.92 (0.62– 1.35)

Least breaks 84 38.5 1.61 (1.14– 2.27) 1.15 (0.80– 1.65) 1.16 (0.80– 1.67) 1.16 (0.80– 1.67)

P for trend 0.04 0.92 0.96 0.94

α#

Highest α 40 18.1 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Quartile 3 58 26.4 1.47 (0.98– 2.20) 1.21 (0.80– 1.84) 1.26 (0.83– 1.91) 1.26 (0.83– 1.92)

Quartile 2 67 30.2 1.68 (1.14– 2.49) 1.33 (0.88– 1.99) 1.34 (0.89– 2.01) 1.30 (0.86– 1.96)

Lowest α 103 48.3 2.70 (1.87– 3.89) 1.61 (1.08– 2.40) 1.50 (1.00– 2.24) 1.43 (0.96– 2.15)

P for trend <0.001 0.006 0.02 0.06

*Each sedentary accumulation pattern was modeled separately. For each sedentary accumulation pattern, the reference quartile was chosen to be the 
quartile with the lowest risk of incident atrial fibrillation (ie, quartile 1 for mean sedentary bout duration, and quartile 4 for breaks in sedentary time and α metric.

†Incidence rate is expressed as events per 1000 person- years.
‡Model 1 adjusts for age, race and ethnicity, and body mass index. Model 2 adjusts for Model 1 covariates plus education, smoking, hypertension, diabetes, 

stroke, heart disease, and comorbidity index. Heart disease includes coronary artery disease and congestive heart failure. The 8 chronic conditions included in 
the comorbidity index are cancer, osteoarthritis, depression, chronic obstructive pulmonary disease, cognitive impairment, sensory impairment, frequent falls, 
and incontinence. Model 3 adjusts for Model 2 covariates plus self- rated health and physical function score.

§Cut points for mean sedentary bout duration: quartile 1=2.63– 5.63 min; quartile 2=5.63– 6.81 min; quartile 3=6.81– 8.35 min; quartile 4=8.35– 27.74 min.
||P values for trend were derived from separate models including the sedentary accumulation pattern as a continuous variable.
¶The number of breaks in sedentary time was adjusted for total sedentary time. Cut points for number of breaks in sedentary time: quartile 1=30.3– 76.5/d; 

quartile 2=76.5– 86.3/d; quartile 3=86.3– 95.6/d; quartile 4=95.6– 146.6/d.
#Low α represents a prolonged accumulation pattern, with frequent long sedentary bouts and few short sedentary bouts. Cut points for α: quartile 1=1.48– 

1.77; quartile 2=1.77– 1.86; quartile 3=1.86– 1.96; quartile 4=1.96– 2.7.
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Limitations
Despite its strengths, our study is not without limitations. 
Although our study included racial and ethnic diversity, 
our findings may not be generalizable to men, younger 
populations, or those who are not enrolled in Medicare. 
Additionally, because our study required participants to 
return accelerometers with usable data, we acknowl-
edge that there may be differences between those who 
did and did not return accelerometers. Sedentary time 
ascertainment was limited by the duration of wear time 
relative to the average follow- up period, and the accel-
erometer technique precluded accurate detection of 
posture. Although we were able to adjust for multiple 
potential confounders in our analysis, we were unable 
to adjust for obstructive sleep apnea, which is a known 
risk factor for AF.39 Although our sample size was large, 
our event numbers may have limited statistical precision. 
We expect the effects observed would only be ampli-
fied over a longer follow- up period. Finally, although we 
used multiple strategies to maximize the identification 
of baseline AF, there may be residual confounding from 
symptomatic undiagnosed AF.

CONCLUSIONS
In summary, AF is a significant cause of morbidity and 
mortality that can be mitigated by identifying modifiable 
risk factors. In our study, total sedentary time and pro-
longed patterns of sedentary accumulation were as-
sociated with incident AF, but these associations were 
attenuated after multivariate adjustment. This suggests 
that associations between sedentary behavior and AF 
may be attributable to other patient characteristics. 
Future studies can be done to assess whether interven-
tions that limit sedentary behavior can reduce rates of 
AF in older women, and to assess the influence of sed-
entary behavior on incident AF in other populations.
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