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Abstract

Negative emotions have been linked to the development of atrial fibrillation (AF), and positive
effect may be protective. However, there are few large-scale studies examining the association
between psychosocial stressors that may provoke these emotions and the occurrence of AF. We
examined the cross-sectional relationship between psychosocial stress and AF among 24,809
women participating in the Women’s Health Study (WHS). Participants answered questions about
work stress (e.g. excessive work, conflicting demands), work-family spillover stress (e.g. too
stressed after work to participate in activities with family), financial stress (e.g. difficulty paying
monthly bills), traumatic life events (e.g. death of a child), everyday discrimination (e.g. less
respect, poor service), intimate partner stress (e.g. how judgmental is your spouse/partner),
neighborhood stress (e.g. neighborhood safety, trust), negative life events within 5 years (e.g. life
threatening illness, legal problems), and cumulative stress (a weighted measure of the stress
domains). The prevalence of confirmed AF was 3.84% (N=953) and risk factor profiles differed by
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AF status. Women with AF reported significantly higher financial stress, traumatic life events, and
neighborhood stress (Peach<0.05). Only traumatic life events (OR=1.37, 95% Cl= 1.19-1.59) was
significantly associated with AF after adjustment for cardiovascular risk factors, socioeconomic
and psychosocial status. These large-scale cross-sectional data thus indicate a potential
relationship between traumatic life events and AF in older women.
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Methods:

Atrial fibrillation (AF) is a common arrhythmia that disproportionately affects older patients
(1). It is important to understand the determinants of AF in older women as women
generally live longer than men and constitute a potentially high-risk group for AF (1). The
pathophysiology of AF is complex and incompletely understood. Numerous cardiac and
extra-cardiac factors interact to alter the structural and electrophysiological properties of the
atria leading to the arrhythmia (2-3). Established risk factors for AF such as older age,
hypertension, alcohol use, European ancestry and heart failure do not fully explain AF risk
(2-3). Emerging studies show that psychosocial factors, including anxiety and job stress are
related to AF in men (4-5). Psychosocial factors potentially impact AF via inflammatory,
autonomic and neuro-hormonal mechanisms (3, 6-7). Data about psychosocial factors and
AF are largely limited to evaluation of mood or to a small number of individual stressors,
and information in women remains sparse. Therefore, we investigated the relationship
between multiple individual domains of psychosocial stress, as well as the combination of
domain-specific acute and chronic stressors and AF in older women participating in the
follow-up cohort of the Women’s Health Study (WHS).

The participants in this study were drawn from the Women’s Health Study (WHS) followup
cohort (8). WHS was a randomized controlled clinical trial of aspirin and Vitamin E in the
primary prevention of cancer and CVD in 39, 876 female health professionals = 45 years old
at study inception in 1991 (8). At the conclusion of the trial in 2004, women were invited to
participate in continued observational follow-up; 4324 women declined participation. Since
2005, 33,796 consented women have been followed yearly by mailed questionnaires to
update demographic and clinical data. Morbidity and mortality follow-up is over 95%.

The WHS Stress Study was initiated in 2012 and 24,809 women without known CVD or AF
at baseline completed a supplemental cumulative stress questionnaire and comprise this
analysis (9). All WHS participants in the ongoing follow-up cohort were invited to complete
the stress questionnaire. These 24,809 women represent > 90 % of the follow-up cohort and
reflects low natural attrition as is generally noted in this cohort. Details of the WHS Stress
Study have been previously published (9). The questionnaire contains a combination of
acute and chronic stressors, as well as lifetime stressors using psychometric scales adapted
from the Chicago Community Health and Aging and the Americans Changing Lives studies
(9). Eight stress domains are evaluated as follows: 1. Work (e.g. unable to make decisions,
excessive work); 2. Work-family spillover (e.g. too stressed to participate in after work
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activities) 3. Financial; 4. Traumatic life events (e.g. death of a child, life threating illness or
accident to family member); 5. Everyday discrimination (e.g. less respect, poor service,
treated as unintelligent or dangerous); 6. Intimate partner stress (e.g. happiness with
relationship, satisfaction with conflict resolution); 7. Neighborhood stress (e.g.
neighborhood safety); and 8. Negative life events within past 5 years (e.g. life-threatening
illness, accidental injury, or death to someone close, unemployment, moved to a worse
neighborhood, robbery victim). A cumulative stress score was calculated that includes the
aforementioned 8 domains. Specifically, this cumulative stress score utilizes weighting that
captures the relative number of questions in each stress domain and then all 8 domains were
summed (score range 16 to 394).

Ascertainment of AF has been previously described (10). WHS participants who reported
incident AF on their yearly follow-up questionnaire or family members of deceased
participants who reported AF prior to death submitted an additional questionnaire about AF.
Medical record review including electrocardiographic review for AF or a documented
personal history of AF was performed by an endpoint committee of physicians. If a subject
died within the duration of the study, the next of kin was contacted to obtain informed
consent.

Baseline characteristics of the sample were reported in those who had confirmed cases of
AF, and those without AF as means or frequencies. Comparisons between the 2 groups were
assessed by Chi-Square or Wilcoxon rank sums tests. Logistic regression models were used
to assess odds of AF associated with different stress domains computing Odds Ratios (OR)
and corresponding 95% Confidence Intervals (CI). We computed an age adjusted model and
a fully adjusted model that included age, race/ethnicity, cardiovascular disease risk factors
(CVDREF) (i.e. hypertension, hypercholesterolemia, body mass index, diabetes, family
history of myocardial infarction (Ml), physical activity, smoking and alcohol use),
household income, highest education level and depressive (i.e feeling down in the dumps,
feeling downhearted/blue, perceived level of happiness) and anxiety symptoms (e.g level of
nervousness or calmness/peacefulness). We used the Benjamini-Hochberg test procedure to
control the False Discovery Rate (FDR) to the alpha= 0.05 level (11). All p values are 2-
tailed and statistical analyses were performed on SAS (Version 9.4). All WHS Stress Study
participants provided written informed consent. Internal Review Board approval was
obtained from the Brigham and Women’s Hospital, Boston, MA and University of
California at San Francisco.

Among the 24,809 women without known CVD and AF at baseline participating in the
WHS Stress Study, 953 had confirmed cases of AF. Table 1 shows the baseline
characteristics of participants. Table 2 demonstrates individual stressor domain mean scores
based on AF status. Women with AF tended to have higher levels of financial, traumatic life
event, neighborhood stress and lower everyday discrimination stress scores than women
without AF. Cumulative stress score was significantly lower in women with AF versus
women without AF. Table 3 shows the likelihood of AF in the highest quartile of various
psychosocial stress domains compared to the lower 3 quartiles. Only traumatic life event
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stress continued to be significantly associated with odds of AF in age-adjusted models [OR
1.37, Cl (1.19-1.59), p <0.0001], as well as in fully adjusted models [OR 1.32, CI
(1.12-1.52), p <0.0007],

Discussion:

In this cross-sectional analysis using the WHS Stress Cohort, traumatic life event stress was
significantly associated with higher odds of AF even after adjustment for a number of
CVDREF. The other examined domains of stress showed no significant association with AF.
The reason for the lack of association of other domains such as work stress with AF is
unknown. However, traumatic life events are generally defining and permanent fixtures of an
individual’s personal history and may confer sustained health effects. Work stress, intimate
partner stress, and work family spillover stress, for instance, may be modified by purposeful
change in circumstances. While subsequent counseling and treatment may help an individual
cope with the aftermath of a traumatic life event, the fixed nature of the insult itself may
account at least in part for the association of this particular domain of stress with increased
AF odds. Certainly, traumatic life events can have potent, prolonged effects on mental and
physical health (12).

Our findings support previous work examining the association of individual psychosocial
stressors with AF. Prior studies have shown that psychosocial stress is the most common
patient identified factor triggering episodes of paroxysmal AF and that negative emotions are
more likely than positive emotions to precede these episodes (13-14). In support of the latter
are data showing an association between anxiety with development of post-operative AF,
and depressive symptoms with higher failure rates of electrical cardioversion for AF (15-16).
Prospective data from the Framingham Offspring cohort found that psychosocial tension was
an independent risk factor for the development of AF in men but not women (4). Previous
research in the WHS also found no association between global psychosocial distress,
depressive symptoms, or anxious symptoms with AF (17). In contrast to our study, these
prior studies focused their examination on a few, limited domains of stress or symptoms of
stress (4,17). Additionally, they focused primarily on negative emotions (4,17). Our study
evaluated multiple specific domains of stress encompassing a broad range of acute and
chronic psychosocial stressors known to have good psychometric properties and association
with physical and mental health outcomes (6,12,18,19).

Mechanistically, psychosocial stress might lead to sustained increases in autonomic tone,
hormonal dysregulation, and inflammation that may, in turn, facilitate atrial fibrosis and AF
(6, 20-23). Modulation of the body’s inflammatory milieu by psychosocial stressors includes
upregulation of interulekin-6 and high-sensitivity CRP, circulating inflammatory markers
that have numerous downstream, end-organ effects (7). Amongst these are the cardiac
consequences of accelerated atherosclerosis and, as mounting evidence suggests, a
predisposition towards the development of AF (24-25). Previous studies of both animal
models and humans suggest a relationship between psychosocial stress and ventricular
tachycardia (VT), which is driven in part by upregulation of the sympathetic nervous system
(26-28). Canine models, in particular, have demonstrated an increased susceptibility to VT
with psychosocial stress, a susceptibility that resolves following beta-blocker treatment (26).
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Our own group’s prior work and a previous Finnish study further demonstrated a
relationship between psychosocial stress and sudden cardiac death (27-28).

This study has several limitations. First, the analysis was cross-sectional. As such, no
conclusion can be drawn about the temporal or causal relationship between the evaluated
psychosocial stressors and AF. Second, as the WHS is comprised primarily of white,
although socioeconomically diverse female health professionals, our results may not be
generalizable to women of other races or ethnicities. Thus, similar analyses in other
populations are warranted. Additionally, asymptomatic AF was not captured. Should
asymptomatic AF cluster in groups with particular stress profiles, then our inability to
capture it may have altered the results of our study. Finally, perceived stress was self-
reported by participants. However, psychosocial stress by definition is primarily inherently
perceived by an individual. Indeed, its effect on health is intrinsically dependent on the
reaction of individual physiologic systems to this perception. Furthermore, previous research
has demonstrated that particularly high perceived stress scores correlate with unfavorable
health behaviors (29). Although the possibility of bias related to non-response to the stress
questionnaire exists, the likelihood is very low given that over 90% of WHS participants in
the follow-up cohort completed the WHS stress questionnaire representing low attrition
given participant dropout largely due to death in this cohort of older women, and restriction
of the questionnaire to women without known cardiovascular disease (CVD).

In summary, these data indicate a potential relationship between traumatic life events and
AF in older women. Further investigation is necessary to confirm whether or not this
association is longitudinal. If prospective work establishes an association between AF and
traumatic life events, evaluation of stress relieving interventions once an event has occurred
is warranted because the impact of the event on health outcomes such as AF might be
modifiable although the event itself is typically unmodifiable.

Acknowledgements:

We thank the Women’s Health Study participants for their commitment to this study. This study is funded by an
RO1 grant from the National Institute on Aging to Michelle A. Albert, MD MPH (AG038492). WHS is funded by
the NCI (CA047988) and NHLBI (HL043851 HL080467, HL099355).

References

1. Atrial Fibrillation Fact Sheet. Center for Disease Control and Prevention, August 13 2015. Available
at: www.cdc.gov/dhdsp/data_statistics/fact_sheets/fs_atrial_fibrillation.htm. Accessed February 15,
2017.

2. Du X, Dong J, Ma C. Is Atrial Fibrillation a Preventable Disease? J Am Coll Cardiol 2017;69:1968—
1982. [PubMed: 28408027]

3. January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC, Conti JB, Ellinor PT,
Ezekowitz MD, Field ME, Murray KT, Sacco RL, Stevenson WG, Tchou PJ, Tracy CM, Yancy CW.
2014 AHA/ACC/HRS Guideline for the Management of Patients With Atrial Fibrillation. J Am Coll
Cardiol 2014;64:e1-e76. [PubMed: 24685669]

4. Eaker ED, Sullivan LM, Kelly-Hayes M, D’Agostino RB, Benjamin EJ. Tension and Anxiety and
the Prediction of the 10-Year Incidence of Coronary Heart Disease, Atrial Fibrillation, and Total
Mortality: The Framingham Offspring Study. Psychosom Med 2005;67:692-696. [PubMed:
16204425]

Am J Cardiol. Author manuscript; available in PMC 2019 November 15.


http://www.cdc.gov/dhdsp/data_statistics/fact_sheets/fs_atrial_fibrillation.htm

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Westcott et al. Page 6

5. Fransson El, Stadin M, Nordin M, Malm D, Knutsson A, Alfredsson L, Westerholm PJM. The
Association between Job Strain and Atrial Fibrillation: Results from the Swedish WOLF Study.
Biomed Res Int 2015;2015:€371905.

6. Everson-Rose SA, Lewis TT. Psychosocial Factors and Cardiovascular Diseases. Annu Rev Public
Health 2005;26:469-500. [PubMed: 15760298]

7. Gouin J-P, Glaser R, Malarkey WB, Beversdorf D, Kiecolt-Glaser J. Chronic stress, daily stressors,
and circulating inflammatory markers. Health Psychol 2012;31:264-268. [PubMed: 21928900]

8. Ridker PM, Cook NR, Lee I-M, Gordon D, Gaziano JM, Manson JE, Hennekens CH, Buring JE. A
Randomized Trial of Low-Dose Aspirin in the Primary Prevention of Cardiovascular Disease in
Women. N Engl J Med 2005;352:1293-1304. [PubMed: 15753114]

9. Albert MA, Durazo EM, Slopen N, Zaslavsky AM, Buring JE, Silva T, Chasman D, Williams DR.
Cumulative psychological stress and cardiovascular disease risk in middle aged and older women:
Rationale, design, and baseline characteristics. Am Heart J 2017;192:1-12. [PubMed: 28938955]

10. Conen D, Tedrow UB, Cook NR, Moorthy MV, Buring JE, Albert CM. Alcohol Consumption and
Risk of Incident Atrial Fibrillation in Women. JAMA 2008;300:2489-2496. [PubMed: 19050192]

11. Benjamini Y, Yekutieli D. The control of the false discovery rate in multiple testing under
dependency. Ann Stat 2001 ;29:1165-1188.

12. Holman EA, Silver RC, Waitzkin H. Traumatic Life Events in Primary Care Patients: A Study of
an Ethnically Diverse Sample. Arch Fam Med 2000;9:802-810. [PubMed: 11031385]

13. Hansson A, Madsen-Hardig B, Olsson SB. Arrhythmia-provoking factors and symptoms at the
onset of paroxysmal atrial fibrillation: a study based on interviews with 100 patients seeking
hospital assistance. BMC Cardiovasc Disord 2004;4: [PubMed: 15125784]

14. Lampert R, Jamner L, Burg M, Dziura J, Brandt C, Liu H, Li F, Donovan T, Soufer R. Triggering
of Symptomatic Atrial Fibrillation by Negative Emotion. J Am Coll Cardiol 2014;64:1533-1534.
[PubMed: 25277622]

15. Tully PJ, Bennetts JS, Baker RA, McGavigan AD, Turnbull DA, Winefield HR. Anxiety,
depression, and stress as risk factors for atrial fibrillation after cardiac surgery. Hear Lung J Acute
Crit Care 2011;40:4-11.

16. Lange HW, Herrmann-Lingen C. Depressive symptoms predict recurrence of atrial fibrillation after
cardioversion. J Psychosom Res 2007;63:509-513. [PubMed: 17980224]

17. Whang W, Davidson KW, Conen D, Tedrow UB, Everett BM, Albert CM. Global Psychological
Distress and Risk of Atrial Fibrillation Among Women: The Women’s Health Study. J Am Heart
Assoc 2012;1:e001107. [PubMed: 23130138]

18. Williams DR, Neighbors HW, Jackson JS. Racial/ethnic discrimination and health: findings from
community studies. Am J Public Health 2008;98:529-S37. [PubMed: 18687616]

19. Klitzman S, House JS, Israel BA, Mero RP. Work stress, nonwork stress, and health. J Behav Med
1990; 13:221-243. [PubMed: 2213867]

20. Kolk van Der BA, Saporta J. The biological response to psychic trauma: Mechanisms and
treatment of intrusion and numbing. Anxiety Res 1991;4:199-212.

21. Aviles RJ, Martin DO, Apperson-Hansen C, Houghtaling PL, Rautaharju P, Kronmal RA, Tracy
RP, Wagoner Van DR, Psaty BM, Lauer MS, Chung MK. Inflammation as a Risk Factor for Atrial
Fibrillation. Circulation 2003;108:3006-3010. [PubMed: 14623805]

22. Spragg D Left Atrial Fibrosis: Role in Atrial Fibrillation Pathophysiology and Treatment
Outcomes. J Atr Fibrillation 2013;5:810. [PubMed: 28496835]

23. Lavall D, Selzer C, Schuster P, Lenski M, Adam O, Schéfers H-J, Bohm M, Laufs U. The
mineralocorticoid receptor promotes fibrotic remodeling in atrial fibrillation. J Biol Chem
2014;289:6656—6668. [PubMed: 24469458]

24. Ranjit N, Diez-Roux AV, Shea S, Cushman M, Seeman T, Jackson SA, Ni H. Psychosocial Factors
and Inflammation in the Multi-Ethnic Study of Atherosclerosis. Arch Intern Med 2007;167:174—
181. [PubMed: 17242319]

25. Hu Y-F, Chen Y-J, Lin Y-J, Chen S-A. Inflammation and the pathogenesis of atrial fibrillation. Nat
Rev Cardiol 2015;12:230-243. [PubMed: 25622848]

Am J Cardiol. Author manuscript; available in PMC 2019 November 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Westcott et al.

26.

217.

28.

29.

Page 7

Matta RJ, Lawler JE, Lown B. Ventricular electrical instability in the conscious dog: effects of
psychologic stress and beta adrenergic blockade. Am J Cardiol 1976;38:594-598. [PubMed:
990042]

Whang W, Kubzansky LD, Kawachi I, Rexrode KM, Kroenke CH, Glynn RJ, Garan H, Albert CM.
Depression and Risk of Sudden Cardiac Death and Coronary Heart Disease in Women: Results
From the Nurses’ Health Study. J Am Coll Cardiol 2009;53:950-958. [PubMed: 19281925]
Luukinen H, Laippala P, Huikuri H V. Depressive symptoms and the risk of sudden cardiac death
among the elderly. Eur Heart J 2003;24:2021-2026. [PubMed: 14613738]

Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav
1983;24:385-396. [PubMed: 6668417]

Am J Cardiol. Author manuscript; available in PMC 2019 November 15.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Westcott et al.

Table 1:

Page 8

Baseline Characteristics in Women With and Without Atrial Fibrillation (AF), Women’s Health N=24,809

Variable

Age (years) (Mean, SD)b
White?

Education?

>BS degree

Household Income?

>$40,000
Family History of M14
Hypertension?
Hypercholesterolemia?
Diabetes mellitus?
Body Mass Index(Kg/m?2)(Mean, SD)b
Physical Activity?
>=7.5 (Mets/Hour)

Alcohol use?
1+ Alcoholic (drink/day)

Current Smoker
Depression score (Mean, SD)I7

Anxiety score (Mean, SD)b

Atrial Fibrillation

No
(N=23,856)

72.0 £5.95

22,641 (95.50%)

11,220 (47.76%)

17,282 (76.58%)
3,367 (14.29%)
16,497 (69.07%)
17,559(73.52%)
2,419 (10.13%)

26.8 +£5.40

15,613 (65.37%)

3580 (14.99%)
1145 (4.79%)
551+2.10

438 +1.61

Yes
(N=953)

75.5+6.88

929 (98.3%)

392 (41.75%)

622 (68.13%)
128 (13.73%)
872 (91.50%)
723(75.87%)
129(13.54%)

27.6 £6.23

518 (54.35%)

131 (13.75%)
30 (3.15%)
5.65+2.14

4.44 +1.66

p-value@

<0.0001

<0.0001

0.0003

<0.0001
0.63

<0.0001
0.11
0.0007

0.0008

<0.0001

<0.0001
0.015
0.030

0.29

a. . . . . i . . .
Chi-square test was used to compute p values for race/ethnicity, socioeconomic characteristics, and CVD risk factors (categorical variables).

SD denotes standard deviation, and Wilcoxon rank sums tests for continuous variables were used for significance testing

SD, Standard Deviation
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Table 2:

Baseline Stress Domain Scores#? in Women With and Without Atrial Fibri (AF).

Stress Score (Mean+SD) No AF (N=23856) AF (N=953) p-value
Work Stress? 13.29 3.45 13.24 +£3.17 0.91
Work-Family Spillover Stress? 4.26 +1.87 4.32+1.85 0.42
Financial Stress? 3.02+1.13 3.13+1.16 0.0007
Traumatic Life Event? 0.86 +0.88 1.05+0.93 <0.0001
Everyday Discrimination? 7.44 £2.55 7.23 £2.46 0.015
Intimate Partner Stress? 8.41+2.93 8.23£2.98 0.11
Neighborhood Stress? 4.95+1.45 5.03 +1.52 0.044
Negative Life Event within 5 years? ~ 2.22 £1.69 2.13+1.45 0.17
Cumulative Stress? 163.10 +50.74 152,83 +49.41  <0.0001

aStress Domains are comprised of the following: work stress (e.g. being able to express creativity at work, having the ability to make decisions at
work, having a variety of things to do at work, excessive work, having the time to accomplish responsibilities at work, conflicting demands, job
security), work-family conflict (e.g. too stressed after work to participate in activities with family, friends, or community members), financial stress
(e.g. having enough money to meet personal or family needs, difficulty paying monthly bills), traumatic life events (e.g. death of a child, victim of
assault, life threating illness or accident to family member), everyday discrimination (e.g. less respect, poor service, feeling as being treated as
unintelligent or dangerous, feeling threatened or harassed), intimate partner stress (e.g. level of happiness with relationship, level of demands
requested by partner, how judgmental is partner, level of satisfaction with conflict resolution), neighborhood stress (e.g. neighborhood safety during
the day and night, ability to trust community members while calling on them in times of need), and negative life event within 5 years stress (e.g.
life-threatening illness, accidental injury, or death to someone close, fired from job, >3 month unemployment, household member unemployed or
looking for work, moved to a worse residence or neighborhood, robbed or burglarized, serious financial issues, romantic partner infidelity, legal
problems, upsetting events that happened to the participant or someone close to the participant).

Cumulative Stress is a weighted measure of the following stress domains: work stress, work-family spillover stress, financial stress, lifetime
traumatic life events, negative life events within last 5 years, perceived discrimination, relationship stress, and neighborhood stress.

Am J Cardiol. Author manuscript; available in PMC 2019 November 15.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Westcott et al.

Table 3:

Page 10

Odds Ratio of Atrial Fibrillation in Each Psychosocial Stress Domain in Highest Quartile Compared to Lower

3 Quartiles.
Age Adjusted Fully Adjusted®

Stress Domain OR CI(95%) p-value OR CI(95%) p-value
Work Stress 091 0.71-1.15 043 0.79 0.61-1.03 0.07
Work Family Spillover Stress 114 0.83-156 0.40 1.02 0.73-1.43 0.90
Financial Stress 1.20 0.97-1.49 0.10 1.04 0.82-1.32 0.74
Traumatic Life Event Stress 137 1.19-159 <0.0001 132 1.12-1.52 0.0007
Discrimination Stress 092 0.77-1.10 0.36 091 0.75-1.10 0.30
Intimate Partner Stress 097 0.78-1.20 0.76 096 0.75-1.22 0.74
Neighborhood Stress 1.01 0.87-1.17 0.93 091 0.78-1.08 0.29
Negative Life Events within 5year 1.01 0.86-1.20 0.87 095 0.80-1.14 0.60
Cumulative Stress 0.98 0.82-1.17 0.81 090 0.74-1.09 0.29

a, . . . . . . . . .
Adjusted for age, race, cardiovascular disease risk factors, socioeconomic status, and psychosocial status (depression and anxiety)
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