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ORIGINAL RESEARCH

Association Between Insomnia, Stress 
Events, and Other Psychosocial 
Factors and Incident Atrial Fibrillation in 
Postmenopausal Women: Insights From the 
Women’s Health Initiative
Susan X. Zhao , MD; Hilary A. Tindle, MD, MPH; Joseph C. Larson, MS; Nancy F. Woods , PhD;  
Michael H. Crawford , MD; Valerie Hoover, PhD; Elena Salmoirago- Blotcher , MD, PhD; Aladdin H. Shadyab, PhD; 
Marcia L. Stefanick, PhD; Marco V. Perez , MD

BACKGROUND: The association between psychosocial factors and atrial fibrillation (AF) is poorly understood.

METHODS AND RESULTS: Postmenopausal women from the Women’s Health Initiative were retrospectively analyzed to identify 
incident AF in relation to a panel of validated psychosocial exposure variables, as assessed by multivariable Cox proportional 
hazard regression and hierarchical cluster analysis. Among the 83 736 women included, the average age was 63.9±7.0 years. 
Over an average of 10.5±6.2 years follow- up, there were 23 954 cases of incident AF. Hierarchical cluster analysis generated 2 
clusters of highly correlated psychosocial variables: the Stress Cluster included stressful life events, depressive symptoms, and 
insomnia, and the Strain Cluster included optimism, social support, social strain, cynical hostility, and emotional expressive-
ness. Incident AF was associated with higher values in the Stress Cluster (hazard ratio [HR], 1.07 per unit cluster score [95% CI, 
1.05– 1.09]) and the Strain Cluster (HR, 1.03 per unit cluster score [95% CI, 1.00– 1.05]). Of the 8 individual psychosocial predic-
tors that were tested, insomnia (HR, 1.04 [95% CI, 1.03– 1.06]) and stressful life events (HR, 1.02 [95% CI, 1.01– 1.04]) were most 
strongly associated with increased incidence of AF in Cox regression analysis after multivariate adjustment. Subgroup analyses 
showed that the Strain Cluster was more strongly associated with incident AF in those with lower traditional AF risks (P for 
interaction=0.02) as determined by the cohorts for heart and aging research in genomic epidemiology for atrial fibrillation score.

CONCLUSIONS: Among postmenopausal women, 2 clusters of psychosocial stressors were found to be significantly associated 
with incident AF. Further research is needed to validate these associations.

Key Words: atrial fibrillation ■ hierarchical cluster analysis ■ psychosocial clusters ■ strain ■ stress ■ women’s health

Atrial fibrillation (AF) is the most common cardiac ar-
rhythmia with high prevalence, morbidity, mortality, 
and economic burden.1– 3 Some studies suggest 

sex- specific differences in AF pathophysiology between 
men and women, and an association of AF with worse 
outcomes among women.4– 6 In addition to the traditional 

AF risk factors such as advanced age, hypertension, 
diabetes, coronary artery disease, heart failure, and 
obesity,7 and emotional and psychological distress from 
stress, anxiety, insomnia, and depressive symptoms po-
tentially impact AF by activating inflammation and neu-
rohormonal pathways.8– 10 How these highly prevalent 
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psychosocial factors may affect AF in postmenopausal 
women remains poorly understood with conflicting re-
ports in the literature.11– 13

With its large cohort size, sizeable incident case 
numbers, long follow- up period, and detailed psycho– 
social– behavioral documentation at baseline, the 
Women’s Health Initiative (WHI) offers an ideal platform 
for examining the relationship between psychosocial 

risks and AF.14,15 We hypothesized that insomnia and 
other psychosocial characteristics or clusters of these 
factors with shared conceptual similarities would be 
associated with incident AF in eligible postmenopausal 
women from the WHI clinical trials and observational 
study. We further hypothesized that psychosocial 
predictors may have a stronger association with AF 
incidence in participants with a lower prevalence of 
traditional AF risk factors.

METHODS
Data Availability Statement
Because of the sensitive nature of the data collected 
for this study, requests to access the data set from 
qualified researchers trained in human subject confi-
dentiality protocols may be sent to the WHI at email: 
p&p@whi.org or website: https://www.whi.org/propo 
se- a- paper.

Study Population and Design
This study included all eligible participants between the 
ages of 50 and 79 years recruited at US clinical centers 
between 1994 and 1998 who enrolled in the WHI ran-
domized controlled trials and observational study. At 
enrollment in the WHI, participants completed baseline 
questionnaires detailing their demographics, medical 
history, and health habits, and underwent baseline vital 
signs measurement and laboratory testing. Extensive 
descriptions of the study design, inclusion criteria, data 
collection, validation, and monitoring have been thor-
oughly documented previously.16– 19

We excluded participants with AF at baseline as 
reported on the initial questionnaire completed by all 
subjects or who had AF identified on baseline ECG. 
We also excluded participants who were never en-
rolled in Fee- for- Service (FFS) A+B of the Centers for 
Medicare or Medicaid Services, or who had missing 
data on covariates.

The WHI studies were reviewed and approved by 
the institutional review boards at each clinical center, 
and all participants provided written informed consent. 
Per Santa Clara Valley Medical Center policy, this study 
is exempt from review by the institutional review board 
because it used publicly available and deidentified 
data. We followed the strengthening the reporting of 
observational studies in epidemiology cohort reporting 
guidelines in presenting our findings.20

Ascertainment of Incident AF
Ascertainment of AF in the WHI population has been 
previously described.14,15 Briefly, WHI data have 
been linked with Medicare data using social secu-
rity numbers, birth dates, and death dates, with 97% 

CLINICAL PERSPECTIVE

What Is New?
• Emerging studies show that psychosocial fac-

tors can potentially impact atrial fibrillation (AF) 
via various mechanisms, although data are lim-
ited to a few individual stressors, and informa-
tion in older women remains limited.

• In this study, we used hierarchical cluster analy-
sis to analyze the association between a panel 
of 8 psychosocial stressors and incident AF in 
83 736 postmenopausal women in the Women’s 
Health Initiative studies.

• Two distinct clusters, the Stress Cluster (includ-
ing stressful life events, depressive symptoms, 
and insomnia) and the Strain Cluster (including 
optimism, social support, social strain, cynical 
hostility, and emotional expressiveness) were 
found to be significantly associated with AF inci-
dence after adjusting for traditional risk factors.

What Are the Clinical Implications?
• Established AF risk factors such as older age 

and atherometabolic diseases do not fully ex-
plain AF risk, and it is important to explore novel 
determinants of AF in older women, because 
they generally live longer and are more prone to 
develop adverse outcomes as a result of AF.

• The grouping of psychosocial stressors into the 
Stress and Strain Clusters from this study pre-
sents a comprehensive appraisal of the heart– 
brain interactions in the development of AF in 
postmenopausal women.

• Further prospective investigations are needed 
to confirm these associations and to evaluate 
whether customized stress- relieving interven-
tions based on each individual’s Stress/Strain 
Cluster profile may modify AF risk.

Nonstandard Abbreviations and Acronyms

HCA hierarchical cluster analysis
SLE stressful life events
WHI Women’s Health Initiative
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of Medicare- eligible WHI participants successfully 
linked. AF incidence was defined as at least a single 
International Classification of Diseases, Ninth Revision 
(ICD- 9) AF diagnosis code (427.31) or at least 1 Tenth 
Revision (ICD- 10) code (I48.0, i48.1x, i48.2x, I49.91) 
from inpatient, outpatient, or clinician diagnosis while 
the participant was enrolled in Medicare Fee- for- 
Service Parts A and B (FFS A+B). Participants enrolled 
in FFS A+B at WHI enrollment entered the risk set at 
WHI baseline, whereas participants who enrolled in 
FFS A+B after WHI enrollment were evaluated with a 
2- year look- back period to assess for preexisting AF at 
the time of entering the risk set. Participants who were 
AF- free for the duration of the look- back period entered 
the risk set at the time of completion of the look- back 
period. Participants who left FFS A+B were removed 
from the risk set at the time of their coverage change. 
Participants who then returned for a subsequent FFS 
A+B interval were not required to undergo a look- back 
period, because they had been established as AF free 
on their initial entry into the risk set. Because Medicare 
data were available for some participants at different 
time periods over WHI follow- up, a time- dependent 
indicator variable of Medicare coverage was added 
to Cox hazard models described below to adjust for 
possible ascertainment bias related to differential ex-
posure to Medicare.

Psychosocial Risk Factors and 
Hierarchical Cluster Analysis
Baseline questionnaires were used to extract self- 
reported psychosocial stressors from different do-
mains of life. Eight previously validated psychosocial 
constructs, including optimism, social support, so-
cial strain, stressful life events (SLE), cynical hostility, 
emotional expressiveness, insomnia, and depressive 
symptoms, were collected at baseline and included 
in the analysis as exposure variables. Details of each 
measure’s content, quantification instrument, and ref-
erence are described in Table S1.

Because individual psychosocial constructs are not 
independent,21 we included all eligible psychosocial 
constructs available at study baseline and used hi-
erarchical cluster analysis (HCA), an assumption- free 
classification analysis tool, to identify homogenous 
clustering pattern of psychosocial predictors.22 HCA is 
advantageous over other techniques, such as factor 
analysis, in the partitioning of variance. Factor analysis 
partitions individual variable variance into several fac-
tors, whereas HCA assigns the total variance of a vari-
able to a single underlying source based on similarity.23

In our study, procedure PROC VARCLUS in SAS 
software was used for HCA. Specifically, maxeigen 
(the default method with a default value of 1.0) was 
used to determine clusters. The procedure looks at 

the eigenvalues between the variables and chooses 
the cluster with the largest second eigenvalue if it is 
greater than the maxeigen value. The eigenvalues are 
the space between clusters, so a higher eigenvalue 
indicates that a variable is independent from another, 
whereas a value of 0 is total collinearity.

HCA results were reported according to standard 
guidelines.22,23 The number of clusters generated by 
HCA was graphically represented with a dendrogram. 
To use cluster data in regression analysis, the Z scores 
for individual variables were computed and averaged 
to generate composite variables. Measures of central 
tendency were calculated for each cluster. Clusters 
were separated into quartiles for the purpose of re-
gression analysis and Kaplan- Meier survival analysis.

Associations between each exposure variable and 
the clusters generated from HCA were performed 
using Pearson correlation coefficient R (Table S2). The 
(1– R2) ratio, defined as the ratio of (1– R2) of each vari-
able in its own cluster over the (1– R2) of that variable in 
the other cluster, was computed. The lower the value 
of the ratio, the better fit a given variable is within that 
cluster and is used to identify how well a variable is 
performing within its cluster.

Assessment of the association between continuous 
HCA clusters and AF was done using Cox proportional 
hazards models in a series of hierarchal adjustments, 
with results presented as hazard ratios (HRs) and 95% 
CIs. In addition to unadjusted models, we looked at 
models adjusted for age, ethnicity, race, and educa-
tion (Model 1). Then, additional adjustment for waist– 
hip ratio, physical activity, smoking, and alcohol (Model 
2), and finally additional adjustment for hypertension, 
diabetes, history of heart failure, and history of myocar-
dial infarction (Model 3).14,15 In addition to these adjust-
ments, all models were stratified within the model by 
WHI component (clinical trial/observational study). All 
exposures of interest had the proportional hazards as-
sumption verified by testing the interaction of follow- up 
and the exposure variables as well as through visual 
inspection of the log- likelihood plot of developing AF 
over time.

The relationships between quartiles of each clus-
ter and AF were assessed using the same hierarchal 
adjustment methods used with the continuous cluster 
modeling. Kaplan- Meier curves of AF by quartiles of 
each cluster were presented with events and number 
at risk over the follow- up period.

Sensitivity Analyses
To address the potential for ascertainment bias (ie, 
participants with psychosocial stressors may be more 
likely to seek medical attention and therefore more 
likely to be diagnosed with AF), we adjusted the pri-
mary model (Model 3) for the number of inpatient 
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and outpatient claims per year before AF diagnosis. 
Second, to address the possibility that sleep apnea or 
other sleep disorders could confound the association 
between insomnia and AF, a sensitivity analysis was 
performed using snoring as a surrogate marker (strati-
fied as <1 night per week, 1+ nights per week, and 
do not know), because information on sleep disorders 
was not collected in WHI participants.

Subgroup Analyses
To evaluate whether the relationship between the con-
tinuous clusters and AF differed by baseline charac-
teristics, we examined subgroup analyses with Cox 
proportional hazards models with AF as a function of 
the continuous clusters, the subgroup of interest, and 
their interaction. Racial and ethnic subgroups were 
limited to those racial and ethnic groups with at least 
1% of the overall sample. These models were adjusted 
for the full covariate list above as well as the cohorts 
for heart and aging research in genomic epidemiol-
ogy for atrial fibrillation (CHARGE- AF) risk score, di-
chotomized into 5- year risk of AF of <5% (low risk) and 
≥5% (high risk) categories in our study to represent 
traditional risk factors for the purposes of secondary 
analyses. The CHARGE- AF score was developed in 3 
US community- based studies and validated in 2 large 
European community- based studies24– 27 to predict in-
cident AF within 5 years in diverse patient populations. 
It is calculated as:

0.508×age (5 years) +0.465 (White)+0.248×height 
(10 cm)+0.115×weight (15 kg)+0.197×systolic blood 
pressure (20 mm Hg) − 0.101×diastolic blood pressure 
(10 mm Hg)+0.359×current smoker +0.349×antihyper-
tensive medication+0.237×diabetes +0.701×heart fail-
ure +0.496×myocardial infarction.

Statistical Analysis
Baseline characteristics of the sample are presented 
with means and standard deviations for continuous 
variables and with frequencies and percentages for 
categorical variables. Self- reported race and ethnicity 
were included in the subgroup analysis given the ob-
served race-  and ethnicity- based differences in AF in-
cidence, lifetime stroke risk, mortality, symptoms, and 
quality of life, as well as treatment strategies.28 P val-
ues were 2- sided and considered significant at values 
<0.05. Statistical analyses were performed using SAS 
version 9.4 (SAS Institute, Cary, NC).

RESULTS
Population Characteristics
Of the 106 784 participants who had Medicare follow-
 up data, 4367 (4.1%) with AF at baseline were excluded, 

and an additional 18 681 (17.5%) were excluded due 
to missing data, leaving 83 736 participants in the final 
study cohort. Baseline participant characteristics, in-
cluding demographic and medical history, as well as 
standardized scores for the 8 psychosocial predic-
tors are summarized in Table  1. Participants were 
63.9±7.0 years of age, 73 798 (88.1%) were White, 2411 
(2.9%) were Hispanic, and 5999 (7.2%) were Black. 
Over an average follow- up duration of 10.5±6.2 years, 
there were 23 954 (28.6%) participants with incident 
AF.

Forming Psychosocial Clusters
All standardized psychosocial predictors were entered 
into the HCA. Two clusters were generated as the op-
timal solution with second eigenvalue for both clusters 
<1.0 as set by the maxeigen procedure default. The 
proportion of total variance explained by clustering im-
proved from 0.34 with the 1- cluster solution to 0.46 
with the 2- cluster solution (Figure 1).

The Stress Cluster included SLE, depressive symp-
toms, and insomnia. The Strain Cluster included op-
timism, social support, social strain, cynical hostility, 
and emotional expressiveness. Baseline characteris-
tics of the study cohort based on the 2 clusters’ first 
and fourth quartiles are summarized in Table 1.

Pearson statistics (correlation coefficient, R) and 
their corresponding P values of correlation between 
standardized psychosocial predictors with and within 
their respective clusters are summarized in Table S2. 
All of the predictors were strongly correlated with their 
respective cluster with Pearson correlation coefficient 
(R) ranging from 0.58 (emotional expressiveness within 
the Strain Cluster) to 0.82 (depressive symptoms within 
the Stress Cluster) (P<0.001). Within the Stress Cluster, 
depressive symptoms and insomnia were the factors 
that were most closely correlated with each other, with 
an R of 0.47 (P<0.001). Depressive symptoms were 
the strongest predictor within the Stress Cluster with  
(1– R2) ratio of 0.36, whereas lack of optimism was the 
strongest predictor of the Strain Cluster with (1– R2) 
ratio of 0.58.

Individual Psychosocial Predictors and 
Incident AF
Cox hazard regression modeling of the 8 standardized 
psychosocial predictors in separate models or com-
bined into 1 multivariate model predicting incident AF 
while adjusting for known AF risk factors is presented 
in Table 2. On univariate analyses, all 8 psychosocial 
predictors were significantly associated with incident 
AF. The associations, however, were attenuated after 
adjustments for the other 7 standardized psychosocial 
constructs as well as age, ethnicity, race, education, 
WHR, physical activity, smoking, alcohol, hypertension, 
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Table 1. Baseline Characteristics (n=83 736) by Low and High Cluster Quartiles

Characteristic
All participants 
(n=83 736)

Stress Cluster Strain Cluster

Quartile 1 Quartile 4 Quartile 1 Quartile 4

Demographics

Age, mean (SD) 63.9 (7.0) 63.9 (6.8) 63.2 (7.1) 63.9 (6.9) 63.5 (7.1)

Ethnicity

Not Hispanic or Latino 80 822 (96.5) 20 328 (97.2) 19 877 (95.2) 20 410 (97.5) 19 825 (94.7)

Hispanic or Latino 2411 (2.9) 454 (2.2) 862 (4.1) 434 (2.1) 926 (4.4)

Unknown/not reported 503 (0.6) 122 (0.6) 149 (0.7) 88 (0.4) 184 (0.9)

Race

American Indian or Alaska 
Native

220 (0.3) 41 (0.2) 93 (0.4) 38 (0.20) 87 (0.4)

Asian 1828 (2.2) 640 (3.1) 310 (1.5) 354 (1.7) 526 (2.5)

Native Hawaiian or Other 
Pacific Islander

55 (0.1) 6 (0.0) 19 (0.1) 8 (0.0) 21 (0.1)

Black 5999 (7.2) 1350 (6.5) 1853 (8.9) 1157 (5.5) 2120 (10.1)

White 73 798 (88.1) 18 566 (88.8) 17 924 (85.8) 19 059 (91.1) 17 482 (83.5)

>1 race 906 (1.1) 141 (0.7) 333 (1.6) 169 (0.8) 308 (1.5)

Unknown/not reported 930 (1.1) 160 (0.8) 356 (1.7) 147 (0.7) 391 (1.9)

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

27.8 (5.8) 27.1 (5.5) 28.7 (6.2) 27.1 (5.4) 28.9 (6.3)

<25 29 832 (35.6) 8377 (40.1) 6352 (30.4) 8460 (40.4) 6152 (29.4)

25– <30 29 121 (34.8) 7260 (34.7) 7032 (33.7) 7298 (34.9) 7086 (33.8)

30– <35 15 081 (18.0) 3387 (16.2) 4313 (20.6) 3339 (16.0) 4337 (20.7)

35– <40 6010 (7.2) 1184 (5.7) 1943 (9.3) 1141 (5.5) 2041 (9.7)

≥40 3021 (3.6) 535 (2.6) 1075 (5.1) 523 (2.5) 1149 (5.5)

Waist– hip ratio, mean (SD) 0.81 (0.08) 0.80 (0.08) 0.82 (0.08) 0.80 (0.08) 0.82 (0.08)

Education

High school/GED or less 17 767 (21.2) 3691 (17.7) 5304 (25.4) 3322 (15.9) 5852 (28.0)

After high school 31 180 (37.2) 7167 (34.3) 8364 (40.0) 7258 (34.7) 8297 (39.6)

College degree or higher 34 789 (41.5) 10 046 (48.1) 7220 (34.6) 10 352 (49.5) 6786 (32.4)

Income, US$

<$20 000 11 476 (13.7) 1986 (9.5) 4222 (20.2) 1741 (8.3) 4671 (22.3)

$20 000– $49 999 34 963 (41.8) 8297 (39.7) 8887 (42.5) 7974 (38.1) 8983 (42.9)

$50 000– $74 999 16 195 (19.3) 4484 (21.5) 3501 (16.8) 4551 (21.7) 3355 (16.0)

≥$75 000 16 293 (19.5) 4950 (23.7) 3062 (14.7) 5493 (26.2) 2657 (12.7)

WHI component

Clinical trial 34 081 (40.7) 8212 (39.3) 8745 (41.9) 8380 (40.0) 8603 (41.1)

Observational study 49 655 (59.3) 12 692 (60.7) 12 143 (58.1) 12 552 (60.0) 12 332 (58.9)

Medical history

Hypertension 24 686 (29.5) 5340 (25.5) 6846 (32.8) 5432 (26.0) 7002 (33.4)

Diabetes 3320 (4.0) 605 (2.9) 1155 (5.5) 595 (2.8) 1296 (6.2)

Hyperlipidemia 11 598 (13.9) 2588 (12.4) 3232 (15.5) 2545 (12.2) 3296 (15.7)

CAD 2249 (2.7) 385 (1.8) 771 (3.7) 431 (2.1) 752 (3.6)

MI 1567 (1.9) 257 (1.2) 559 (2.7) 298 (1.4) 545 (2.6)

CABG/PTCA 1281 (1.5) 225 (1.1) 430 (2.1) 252 (1.2) 424 (2.0)

Stroke /TIA 2190 (2.6) 435 (2.1) 714 (3.4) 408 (1.9) 734 (3.5)

HF 751 (0.9) 108 (0.5) 279 (1.3) 119 (0.6) 291 (1.4)

PAD 1491(1.8) 237(1.1) 589 (2.8) 275 (1.3) 569 (2.7)

 (Continued)
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diabetes, heart failure, and myocardial infarction. Most 
notably, the association between depressive symp-
toms and AF was no longer statistically significant 
(HR, 1.00 per unit score [95% CI, 0.98– 1.01]), whereas 
SLE and insomnia remained statistically significant in 
the combined multivariate model. In the Strain Cluster, 
only social strain retained a marginal statistical signifi-
cance (HR, 1.02 [95% CI, 1.00– 1.03]), whereas opti-
mism, social support, cynical hostility, and emotional 

expressiveness were no longer statistically significantly 
associated with incident AF.

Psychosocial Clusters and Incident AF
Univariate and multivariable Cox proportional hazard 
regression analyses of the associations between the 
2 psychosocial clusters and incident AF are reported 
in Table  2. Both clusters were significantly associated 
(P<0.001) with incident AF in the unadjusted models and 
remained significantly associated with incident AF after 
adjusting for covariates including age, ethnicity, race, ed-
ucation, waist– hip ratio, physical activity, smoking, alco-
hol, hypertension, diabetes, heart failure, and myocardial 
infarction. Using the fully adjusted Cox hazard regression 
model (Model 3), a higher value in the Stress Cluster was 
associated with higher incidence of AF (HR, 1.07 per unit 
value of cluster score [95% CI, 1.05– 1.09]). In the fully 
adjusted model, a higher value in the Strain Cluster was 
also associated with higher AF incidence (HR, 1.03 per 
unit value of cluster score [95% CI, 1.00– 1.05]).

When the standardized cluster scores were divided 
into quartiles, in a fully adjusted Cox hazard regression 
model, those in the highest quartile in the Stress Cluster 
had a higher rate of incident AF compared with those in 
the lowest quartile (HR, 1.14 [95% CI, 1.10– 1.19]). Similarly, 
those in the highest quartile in the Strain Cluster had a 
higher rate of incident AF compared with those in the 

Characteristic
All participants 
(n=83 736)

Stress Cluster Strain Cluster

Quartile 1 Quartile 4 Quartile 1 Quartile 4

Smoking

Never 42 736 (51.0) 11 199 (53.6) 10 136 (48.5) 11 288 (53.9) 10 270 (49.1)

Past 35 476 (42.4) 8474 (40.5) 9000 (43.1) 8573 (41.0) 8833 (42.2)

Current 5524 (6.6) 1231 (5.9) 1752 (8.4) 1071 (5.1) 1832 (8.8)

Alcohol use, No. of drinks per wk

0 34 272 (40.9) 8304 (39.7) 9376 (44.9) 7894 (37.7) 9978 (47.7)

>0– <7 39 229 (46.8) 9961 (47.7) 9178 (43.9) 10 085 (48.2) 8978 (42.9)

≥7 10 235 (12.2) 2639 (12.6) 2334 (11.2) 2953 (14.1) 1979 (9.5)

Physical activity, MET h per 
wk, mean (SD)

12.6 (13.7) 14.1 (14.5) 10.9 (13.1) 14.4 (14.5) 10.7 (12.9)

Psychosocial stressors, mean (SD)

Optimism 23.4 (3.4) 24.6 (3.0) 21.8 (3.7) 26.2 (2.4) 20.4 (3.3)

Social support 36.2 (7.6) 38.6 (6.5) 33.0 (8.4) 41.4 (4.2) 29.8 (8.0)

Social strain 6.5 (2.5) 5.6 (2.0) 7.7 (2.8) 4.8 (1.2) 8.8 (2.7)

SLE 3.3 (3.1) 1.0 (1.2) 6.2 (3.8) 2.3 (2.4) 4.6 (3.8)

Cynical hostility 3.6 (2.8) 2.8 (2.5) 4.5 (3.0) 1.5 (1.6) 6.1 (2.7)

Emotional expressiveness 5.8 (1.0) 5.6 (0.9) 6.1 (1.0) 5.1 (0.8) 6.5 (0.9)

Depressive symptoms 2.3 (2.5) 0.4 (0.7) 5.1 (2.9) 1.2 (1.6) 3.9 (3.1)

Insomnia 6.6 (4.4) 2.6 (1.9) 11.1 (4.2) 5.2 (4.0) 8.2 (4.8)

Values are n (%) or mean (SD). CABG indicates coronary artery bypass graft; CAD, coronary artery disease; GED, general educational development; HF, 
heart failure; MET, metabolic equivalent of task; MI, myocardial infarction; PAD, peripheral artery disease; PTCA, percutaneous transluminal angioplasty; SLE, 
stressful life events; TIA, transient ischemic attack; and WHI, Women’s Health Initiative.

Table 1. Continued

Figure 1. Dendrogram of grouping individual psychosocial 
constructs into 2 clusters by hierarchical cluster analysis.
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lowest quartile (HR, 1.03 [95% CI, 1.00– 1.08]; Table S3). 
Freedom from AF over time as a function of cluster quar-
tiles is illustrated in the Kaplan- Meier plots (the Stress 
Cluster in Figure 2A and the Strain Cluster in Figure 2B).

Sensitivity Analyses
The average number of inpatient/outpatient claims per 
years before AF diagnosis was 4.0±4.5 during their 
Medicare follow- up. Upon adjusting this variable in the 
primary model (Model 3), the associations between the 
Stress and Strain Cluster and incident AF remained 
significant (HR, 1.06 [95% CI, 1.04– 1.08]; HR, 1.03 
[95% CI, 1.00– 1.05], respectively).

To evaluate if the association between the Stress 
Cluster, which contained insomnia, and AF may be 
confounded by sleep apnea, we conducted a sensitiv-
ity analysis controlling for self- reported snoring, which 
did not significantly change Model 3 findings (HR, 1.07 
[95% CI, 1.05– 1.09]; HR, 1.03 [95% CI, 1.00– 1.05], for 
the Stress and Strain Cluster, respectively).

Subgroup Analyses
Subgroup analyses were performed to assess for in-
teractions between the 2 psychosocial clusters and 
traditional AF risk factors. There were no significant 

interactions between the 2 psychosocial clusters on 
incident AF with regard to alcohol consumption, hyper-
tension, diabetes, or coronary artery disease (Table S4 
and Figure 3).

For the Stress Cluster, we found a significant inter-
action with age, with higher HRs in the younger age 
groups 60 to 69 years (HR, 1.10 [95% CI, 1.07– 1.13]) 
and 50 to 59 years (HR, 1.07 [95% CI, 1.02– 1.12]) than 
the 70 to 79 years age group (HR, 1.01 [95% CI, 0.97– 
1.04]) (P for interaction=0.008).

The Stress Cluster was also found to have a signifi-
cant interaction with different racial groups, with higher 
HRs in non- Hispanic White (HR, 1.07 [95% CI, 1.05– 
1.09]) and Asian women (HR, 1.26 [95% CI, 1.04– 1.54]) 
than Hispanic (HR, 0.98 [95% CI, 0.87– 1.11]) and non- 
Hispanic Black women (HR, 1.04 [95% CI, 0.97– 1.12]) 
(P for interaction<0.001).

The CHARGE AF score, dichotomized as a 5- year 
risk of AF of <5% (low) and ≥5% (high) risk categories, 
served as a marker for overall risk of AF. There was 
no significant interaction between CHARGE AF risk 
and the Stress Cluster (P for interaction=0.86). We did 
find a significant interaction between the CHARGE AF 
score in the Strain Cluster, such that in those with a 
low CHARGE- AF score, there was a higher association 
between the Strain Cluster and incident AF compared 

Table 2. Univariable and Multivariate Adjusted Hazard Ratios of Each Component Psychosocial Construct* as Well as 
Continuous Psychosocial Clusters on Incident Atrial Fibrillation

Construct

Individual† Combinedǂ

HR (95% CI)§ P value HR (95% CI)§ P value

Stressful life events 1.04 (1.03– 1.05) <0.001 1.02 (1.01– 1.04) <0.001

Depressive symptoms 1.04 (1.02– 1.05) <0.001 1.00 (0.98– 1.01) 0.85

Insomnia 1.05 (1.04– 1.06) <0.001 1.04 (1.03– 1.06) <0.001

Optimismǁ 1.02 (1.01– 1.04) <0.001 1.00 (0.99– 1.02) 0.56

Social supportǁ 1.03 (1.01– 1.04) <0.001 1.01 (1.00– 1.02) 0.16

Social strain 1.04 (1.02– 1.05) <0.001 1.02 (1.00– 1.03) 0.02

Cynical hostility 1.02 (1.01– 1.03) 0.003 1.00 (0.99– 1.02) 0.71

Emotional expressiveness 1.02 (1.00– 1.03) 0.02 1.00 (0.99– 1.01) 0.99

Clusters¶

Unadjusted Model 1 Model 2 Model 3

HR (95% CI)# P value HR (95% CI)# P value HR (95% CI)# P value HR (95% CI)# P value

Stress 1.07 (1.05– 1.09) <0.001 1.09 (1.07– 1.11) <0.001 1.08 (1.06– 1.10) <0.001 1.07 (1.05– 1.09) <0.001

Strain 1.04 (1.02– 1.07) <0.001 1.06 (1.03– 1.08) <0.001 1.04 (1.02– 1.06) 0.001 1.03 (1.00– 1.05) 0.02

All models are stratified by Women’s Health Initiative component (clinical trial/observational study). Model 1: Adjusted for age, ethnicity, race, and education. 
Model 2: Model 1 + waist– hip ratio, physical activity, smoking, and alcohol use. Model 3: Model 2 + hypertension, diabetes, heart failure, and myocardial 
infarction. Stress Cluster: stressful life events, depressive symptoms, insomnia. Strain Cluster: Optimism, social support, social strain, cynical hostility, emotional 
expressiveness. HR indicates hazard ratio.

*HRs and CIs are from a proportional hazards model with incident atrial fibrillation as a function of standardized constructs. Models are stratified by the 
Women’s Health Initiative component (clinical trial/observational study) and are adjusted for age, ethnicity, race, education, waist– hip ratio, physical activity, 
smoking, alcohol use, hypertension, diabetes, heart failure, and myocardial infarction.

†Atrial fibrillation modeled separately by each individual standardized construct.
ǂAtrial fibrillation modeled by all standardized constructs in 1 proportional hazards model.
§HRs, corresponding CIs, and P values are for an increase of 1 point in the given standardized construct score.
ǁStandardized psychosocial stressor values are inverted.
¶HRs and CIs are from a proportional hazards model with incident atrial fibrillation as a function of continuous Stress and Strain Clusters.
#HRs, corresponding CIs, and P values are for an increase of 1 point in the given cluster score.
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Figure 2. Kaplan- Meier AF- free survival by quartiles of the Stress Cluster (A) and the 
Strain Cluster (B).
AF indicates atrial fibrillation; and WHI, Women’s Health Initiative.
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with those with a higher CHARGE- AF score (HR, 1.05 
versus 0.97; P for interaction=0.02).

DISCUSSION
In this large cohort of postmenopausal women from the 
WHI followed for >10 years, 8 individual psychosocial 
factors were grouped into 2 distinct clusters by HCA. 
Both the Stress Cluster (SLE, depressive symptoms, 
and insomnia) and the Strain Cluster (optimism, cyni-
cal hostility, emotional expressiveness, social support, 
and social strain) were significantly associated with 
incident AF after controlling for traditional AF risk fac-
tors. Higher insomnia and SLE scores had the strong-
est independent associations with incident AF on Cox 
hazard regression analyses. These results support our 
hypothesis that psychosocial predictors accounted for 

additional risk of AF above and beyond traditional AF 
risk factors.

AF is a complex cardiac arrhythmia that results from 
the interplay of varied genetic, environmental, biolog-
ical, and lifestyle factors.29 Although AF incidence is 
lower in women, due to increased longevity and higher 
numbers of women, AF affects as many women as 
men. Women with AF were also found to have worse 
outcomes in terms of stroke and mortality compared 
to men.4,6 Identifying and addressing sex- specific, 
modifiable risk factors, therefore, may help reduce the 
burden of AF in aging women. Emotional distress and 
affective disorders have been proposed as potential 
AF risk factors because they affect the autonomous 
nervous system, hypothalamus– pituitary– adrenal axis, 
and renin– angiotensin– aldosterone system, mecha-
nisms that have been involved in the pathogenesis of 

Figure 3. Continuous psychosocial clusters on incident atrial fibrillation (AF), stratified by baseline subgroups.
Subgroup hazard ratios (HRs), 95% CIs, and interaction P values are from a proportional hazards regression, with AF as a function of the 
Stress Cluster or the Stress Cluster by subgroup interaction, the Strain Cluster, and the Strain Cluster by subgroup interaction, stratified 
by Women’s Health Initiative (WHI) component (clinical trial/observational study), and adjusted for age, ethnicity, race, education, 
waist– hip ratio (WHR), physical activity, smoking, alcohol use, hypertension, diabetes, heart failure, and myocardial infarction (MI). 
*HRs and corresponding CIs are for an increase of 1 point in the given cluster score. †P value is for the subgroup by cluster interaction. 
ǂCluster by age interaction terms from a separate model with linear trend over age groups, the Stress Cluster, Stress Cluster by linear 
trend over age groups interaction, the Strain Cluster, and Strain Cluster by linear trend over age groups interaction. §White=non- 
Hispanic White; Black=non- Hispanic Black; Hispanic=Hispanic, all races; Asian=non- Hispanic Asian. ǁHistory (Hx) of coronary artery 
disease (CAD) subgroup model is not adjusted for history of MI. #Cohorts for heart and aging research in genomic epidemiology for 
atrial fibrillation (CHARGE- AF) (a validated score24– 27 encompassing traditional AF risk factors to predict incident AF within 5 years 
in diverse patient populations) subgroup model is stratified by WHI component (clinical trial/observational study) and adjusted for 
ethnicity, race, education, WHR, physical activity, and alcohol use. Ann%, annual percent event rate.
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AF.8,9,30 Women have a higher prevalence of depres-
sive symptoms, posttraumatic stress disorder, higher 
stress vulnerability, and exposure to stress than men.31 
The findings from studies assessing the association 
between psychosocial predictors and AF, however, 
have been mixed. The Framingham Offspring Study 
found that tension was associated with a higher risk 
for AF in men, but not in women, whereas there was 
no associations with anxiety in either men or women.11 
In the MESA (Multi- Ethnic Study of Atherosclerosis) co-
hort, depressive symptoms, but not anxiety, anger, or 
chronic stress, were associated with an increased risk 
for AF.32 Neither psychological distress (as measured 
by anxiety, depression, low affective activation) nor 
depression alone were associated with AF risk in the 
Women’s Health Study of female health professionals.12

The different populations studied and different psy-
chosocial domains being evaluated could explain these 
inconsistencies. Furthermore, most studies modeled 
1 or several psychosocial characteristics at a time in 
search of independent effects. This approach may over-
look the interrelationships among the various factors 
with considerable construct and measurement over-
lap.21 Individual risk may be modeled more accurately 
using composite measures that pool information across 
variables that each tap into 1 facet of a potential under-
lying structure. Therefore, in our study, HCA was used 
to model the panel of candidate psychosocial variables 
into clusters, wherein both homogeneity within clusters 
as well as heterogeneity between clusters were maxi-
mized, rather than using individual constructs.

As far as we know, our study is the first to use HCA to 
analyze the association between AF and psychosocial 
risk factors. From the existing evidence about psycho-
social clusters, Frasure- Smith and Lespérance33 and 
Clark et al34 reported on a positive cluster and a nega-
tive cluster with associated health outcomes in the ex-
pected direction. Similarly, Jabson et al, in their study 
based on WHI data, also identified a Social Cluster 
(positive cluster) and a Stress Cluster (negative clus-
ter) in association with well- being and health.35 Distinct 
from the negative/positive framework as outlined by 
the above studies, our Strain and Stress Clusters bear 
closer similarities to the classification system by Kop 
et al, who proposed 3 types of psychosocial stressors 
in promoting coronary disease progression and car-
diac ischemia: the chronic, negative affective factors 
(such as cynical hostility and anxiety, which tend to 
show considerable stability across years and can be 
considered dispositional), the episodic factors (major 
depressive episodes), and the acute risk factors (eg, 
SLE).36 The differential effects of acute versus chronic 
psychosocial stress on myocardial ischemic injury has 
been recognized in both experimental models and 
clinical cohorts but has not been previously examined 
in the context of AF.37

Of the 3 individual components of the Stress 
Cluster, insomnia, depressive symptoms, and SLE all 
showed strong association with AF. The advantage 
of HCA over traditional analytic strategies with the 
assumption of independent effects of candidate vari-
ables was illustrated here by the 2 closely correlated 
variables, depressive symptoms and insomnia, with 
depressive symptoms being rejected in the Cox model 
but retained in the HCA model. With the HSA method, 
the clustering of psychosocial risk factors working 
synergistically on the condition is recognized, rather 
than evaluating and then rejecting interconnected and 
overlapping variables based on individual statistical 
probability.

Insomnia, a factor strongly and independently as-
sociated with AF among all 8 psychosocial constructs, 
could be a key mediator for the link between depres-
sive symptoms and other predictors and AF. There 
is a growing body of data suggesting the quality and 
quantity of sleep may affect AF, beyond the well- 
established association between obstructive sleep 
apnea and AF.38– 42 In our analysis, a sensitivity analysis 
using snoring as a surrogate marker (because the WHI 
did not collect sleep apnea data at baseline) did not 
change the outcome of the main HCA model, support-
ing the independent effect of insomnia on AF. With a 
baseline prevalence of 25% in WHI women,43 insom-
nia is a potential modifiable target for reducing the risk 
of AF through both behavioral and pharmacological 
interventions.

Although chronic stress has not been consistently 
associated with AF,12,44 acute stressful events in life, as 
captured by the SLE construct in this analysis, was 1 of 
the 3 components of the Stress Cluster that was most 
strongly associated with incident AF. It should be noted 
that the SLE construct in WHI not only captured the 
exposure to the 11 types of SLEs, but also the degree 
of emotional distress (from 0=no to 3=yes, the event 
upsets me very much) associated with the events. This 
construct has been associated with cardiovascular 
disease45 and coronary artery disease risk in women 
with diabetes.46 Other psychophysiological factors 
associated with the exposure to an SLE, beyond the 
event itself, may also be a mechanism affecting AF risk 
in these women, and this should be studied further in 
future research.

The Strain Cluster encompassed 3 personality traits 
(optimism, cynical hostility, and emotional expressive-
ness, with emotional expressiveness representing both 
negative emotional expressiveness and ambivalence 
over emotional expressiveness) and 2 social measures 
(social support and social strain). The clustering of 
these 2 groups of constructs was more than statis-
tical, reflecting the long- recognized interrelationship 
between personality and social interactions conceptu-
alized by Mischel and Shoda.47 Several pathways were 
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suggested, including: (1) People tend to select and 
create their social environment to be consistent with 
their personality traits. (2) Personality traits may evoke 
supportive and unsupportive reactions from others. 
(3) Personality traits may modify how social support 
is evaluated.48 The effect size of the Strain Cluster on 
AF, though significant, was small. An in- depth under-
standing of these chronic negative affectivity traits and 
social strain measures in the onset and progression of 
AF may potentially aid in prioritizing resources in opti-
mizing treatment and quality of life in patients with AF.

The subgroup analyses explored the interaction of 
psychosocial risk factors with traditional AF risk fac-
tors individually as well as a marker of global athero-
sclerosis burden. Most notably, the Stress Cluster had 
a stronger association with AF incidence in younger 
women (50– 69 versus 70– 79 years of age), whereas 
the Strain Cluster was associated with higher AF risk 
in those with low CHARGE- AF scores. This is in sup-
port of our second hypothesis that the younger the pa-
tient, and the lower the overall atherosclerosis burden, 
psychosocial factors may feature more prominently 
in promoting AF. The finding that the Stress Cluster 
played a stronger role in non- Hispanic White or Asian 
women, however, needs to be interpreted with caution. 
The WHI sample selection limits the interpretation of 
findings to the overall US population or racial or eth-
nic subpopulations identified.49 AF is imbedded within 
a societal context in which socioeconomic and envi-
ronmental social factors may also affect the onset of 
AF, apart from mental psychosocial stress factors, and 
could be due to chance given the high number of tests 
conducted. Corroboration from data collected from 
large, diverse cohorts are needed to further investigate 
the possible differential effect of psychosocial risks in 
different age, race and ethnicity, and background ath-
erothrombotic risk groups.

The large sample size, the long follow- up period, 
and the validated methods of classifying incident AF 
were notable strengths of this study, along with the de-
tailed characterization of the baseline psycho– social– 
behavioral profile of study participants. Our findings 
add to the growing understanding of how psychoso-
cial predictors interrelate and how empirically formed 
risk clusters associate with health outcomes. Distinct 
from previous studies that reported the positive or null 
association of individual stressors with AF, our results 
provide a unique approach for incorporating multiple, 
interrelated psychosocial risk factors into 2 clusters, 
representing chronic dispositional stress (the Strain 
Cluster) versus more acute/episodic stress (the Stress 
Cluster). Intervention strategies may be tailored to im-
prove clinical outcomes and cost- effectiveness based 
on an individual’s Stress and Strain Cluster profile, with 
special attention to the timeliness of intervention to 

address acute SLE and insomnia (the 2 strongest fac-
tors associated with AF).

There were, however, several limitations in this 
study. First, although psychosocial variables may 
change over time, the psychometric questionnaires 
were administered only at study entry. Given the long 
follow- up duration, time- varying assessments would 
capture more adequately the cumulative role of stress 
exposure and coping behaviors in the development 
of AF, but these were not available longitudinally. 
Although sleep apnea and other sleep disorders may 
confound the relationship between insomnia and AF, 
data on these disorders are not available in this cohort. 
Although a sensitivity analysis controlling for snoring 
as a proxy for sleep disorders is presented, we ac-
knowledge that this is an imperfect surrogate for sleep 
apnea. Furthermore, generalizability to other demo-
graphic, racial, and ethnic groups is limited, because 
the study was conducted primarily in postmenopausal 
White (≈90%) women. Lastly, causal associations can-
not be inferred based on this retrospective cohort anal-
ysis alone, and unmeasured or inadequately measured 
confounders may explain the observed associations.

CONCLUSIONS
Our findings add to the growing body of evidence 
showing a close association between AF and the 
spectrum of psychosocial risk factors as grouped in 
the Stress Cluster and the Strain Cluster, highlighting 
the important role of mental health– related risk factors 
in AF pathophysiology and strategies for risk modifi-
cation. Further studies elucidating the relationship and 
mitigating the risks of chronic exposure to psychoso-
cial stressors and AF are warranted.
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